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*^  Hand-Power  Model  Dynamos 181 
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Power,  The 16 
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Injectors   180 

Inlet  and  Exhaust  Valves,  Formulas  for 
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Instruments  Used  for  Signaling,  and  the  Manner 

of  Operating  Them 887 
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I  Wonder 256 

TACKS,  WHY   ALCOHOL  IS  USED   AT 
)      ALL  SEASONS  OF  THE  YEAR  IN 
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Jap-a^Lac 82t 
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Joule's  Experiments 2 

Journal  Bearings 296 
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Kitchen-Sink  Grease  Trap,  Cleaning  & Q.  30  39 
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LampSbade,A  278 

Landmarks  100 

Laramie  Formation,  The  409 

Lathe  Tool.  A  Useful 76 

Law  of  the  Inverse  Square  404 

Lawsof  Thermodynamics,  The 852 

Of  the  Solar  System,  The 262,  809 

Laying  Out  Gear-Teeth 271 
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Layouts 56 
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Hair  Versus  Flesh  Side  of 105 
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Light.  Polarization  of 60 

Limitations  Imposed  by  the  Second  Law 852 

Line  of  Designs,  A   849 
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Liquefied  Hydrogen,  Absolute  Zero  of Q.  217  874 
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Hydrogen 855 

Locating  Friction  in  Machinery  152 

Lock  Stencil,  An  Improved 79 

Long-Bubble  Tube,  Adjusting  the  Q.  129  281 

Splice,  The  248 

Versus  Short  Boiler  Tubea 206 

Lumber.  Defects  in              Q.  106  183 

TUTACHINE   DESIGNING  AS  A  PROFESSION  247 
^'^  Machinery  and  Tools  Employed  in  Sinking 

Artesian  Wells  118 

Machines  for  Making  Envelopes  Can  Be 
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Magazine  Science 210 
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Declination  of Q.  180  827 

Needle  Each  Year.  Deviation  of  the Q.  180  827 
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Marklnir-Oat  Scheme,  A. 176 

Marlliiespike.  How  to  Use  the 241 

Ifacrac'huMetti*  Inittitute  of  Technology,  The 80 

If  aterlMls  for  Finish  of  a  Kitchen  Cifcbiuet...Q.  48  82 

IfeaninR  of  Dmft.  The   217 

Of  KepWs  Laws 4C4 

Mean  Low- Water  Le^el.  Meaning  of Q.  282  875 

Measuii  itg  I  ustru  men  t,Tbe  Accuracy  of  a  Cy  dom- 

eterasa 100 

Machine,  A  New 78 

Tool,  IiiexpenMve  Inside 177 

Mechanical  Dmwfng,  Ii  stnictlon  Paper  of 
The  International  Correspondence 

R<-hoolson Q.  177  827 

Equivalent  of  Heat,  The  2 

MeltliiK  Brusti  With  aOas  Flame Q.  40  82 

Mercury  Gauge  Indicate  Incorrectly  7  Can 

the    Q.   80  89 

Gauges  for  Indicating  Pi  ensure Q.  80  89 
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Metalx  Hapler  Than  Steel  Expensive Q.  108  188 

MeU-orlc  Shower  in  Mid-Ocean,  A  09 
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Kumbera  of 67 

Supp08«*d  Origin  of 67 
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Of  Demonstrating  Straight-Line  Motion  by 

Dlivct  Geometry 26 

Of  Taking  Notes 100 

Of  Testing  the  Bearing  Power  of  Soila...Q.     4  88 
Methods  and  Appliances  for  Securing  Perfect 

Combu^^tion 840 
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Tank  Q.  148  279 

Of  Military  Signaling 887 

Of  Obtaining  Time.  Latitude,  and  Azi- 
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Microscope  for  Amateurs.  A 79 
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They  Are  Made  Can  Be  Found  Q.189  278 

Mistakes.  Newton's 60 

Modem  Hindu  Rival  of  Tycho  Brahe,  A 204 

Methods   and    Improvements  In    Military 

Signaling 887 

Moment  of  Force,  Definition  of Q.  210  422 

Monument  rommemorating  Publication  of 

Ri idol  ph I ne  Tables 812 

Moon  a  Falling  Body,  The  404 

Motion  of  the  Joy  Valve  Gear,  The 896 

Peaucellier'ik 28 

MATIONAL  MASTER  PLUMBERS' 

*^         ASSOCIATION  Q.200  871 

Natural  and  Conventional  Designs 888 

Needle  for  Electiical  Work 220 

Ncrviius  Workman,  The    2.V) 

New  Books  of  Interebt  226,276,  320 

Magazine  for  Wheelmen,  A 820 

Method  of  Extracting  Roots  886 

Publication,  A 79 

Newton's  Karly  Life. a')6 

MisUkes  60 

Nickelplating  and  Sllverplating  Iron,  Steel, 

and  Brara Q.     2  88 

Solution,  Directions  for  Making Q.  216  878 

Notions 892 

Novel  Way  of  Roasting  or  Baking  Meats,  A 269 

f\AK  AXLE,  FORMULA  FOR  FINDING 

^^         TUB  BENDING  MOMENT  OF Q.  187  828 

Objects  of  8tu(i>lng  the  Moiionsof  a  Machine, 

The 896 
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on  Used  to  Prevent  Corroding  in  Bo11eTR..Q.  114  184 

One-Half  Horsepower-Engine  for  Amateurs  180 

Origin  i.f  Our  Alphabet,  The  97 

Ornamental  Decign 888 

Oven  for  Drying  Bricks Q.  87  186 

Overcompound,  Meaning  of. Q.148  279 

Overdriving  Taper  Pins 250 

Overhand  and  the  Bowline  Knot,  The 244 

Overloaded  Belt,  An 64 

Over  Stroke  and  U  nder  Stroke  of  a  Locomo- 
tive:  Which  will  Start  the  Heavier 

Load? Q.   89  186 

Oxide  of  Iron  Mistaken  for  Sediment Q.  62  84 

Oxidizing  Brahs.  Method  ot Q.  201  871 

PACKING   RINGS,  INFORMATION  ON 

*            MAKING  Q.  184  282 

Paper  Mills  Can  be  Found,  Where  List  of  ..Q.  109  184 
Parallelogram  of  Forces,  Formula  for  Find- 

Ing. Q.  240  422 

Paste  for  Photographic  Mounting. Q.  92  186 

Patent  Attorneys,  l£mployIng Q.  117  227 

Office.  Drafting  for  the  4 

Peace  Conference.  The 171 

Peaucelller's  Motion  25 

Pencil  Drawings 892 

Phonograph  Motor,  Explanation  of  Edlson.Q.  182  282 

Photographic  Developing  Stand  417 

Scales  and  Weights  for  10  Cents,  Complete 

Set  of 128 
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Piles,  Defects  in  Wood  Used  for Q.  106  188 

Pipe  for  Inlet  Port  of  Day-Type  Engine Q.  42  82 

Planetarium,  The 162 

Planing  In  a  Lathe  77 

Short  Key  ways 221 

Platinum.  Value  of .Q.  106  188 

Plotting  the  Map  From  the  Notea 100 

Pneumatic  Hammer,  An  Improved 79 

•'  Pointers"  and  the  Pole  Star,  The 886 

Polarization  of  Light 60 

Poles 849 

Polish  for  Patterns,  Materials  to  Make  a 
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Port,  Position  of  Admission Q.  168  826 

Portn:  How  Sizes  Are  Determined Q.  166  821 

Position  of  the  Saddle  Tank  on  a  Steam 

Boiler,  Formula  for  Determining  the....Q.  178  826 

Power  Obtained  From  a  Pipe  Line Q.  68  87 

Practical  Experience  Necessary  to  a  Designer, 

The 247 

Methods  of  Testing  Steel  146 

Usefulnesft  of  an  Enlarged  Intelligence,  The  289 

Preparation  of  Specimens  of  Steel  for  Testing 146 

Of  the  Food  Materials 128 
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Present  and  Future  Pole  Stara 886 

Pressure  at  the  End  of  a  Pipe  Leading  From 
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In  a  GaK  Engine  at  the  Moment  of  Ex- 
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Principle  of  Action  In  Air  Chambera Q.   21  88 

Printing  In  Colors 416 

Problem  In  Algebra Q.  196  870 

Of   Finding  the   Horizontal  Distance 

Between  Pulleys  Q.  244  424 
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Making  Q.  289  421 

Propo'tlonal  Charts 849 

PmportlonsofauInletPortofaGasEngine..Q.  42  82 

Protection  of  Ships  167 

Pum|«and  Enslnes,  Names  of  Makers  o£ C^  172  826 

Pythagorean  Speculation  Revived  by  Coperni- 
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QUARRY  WATER:  WHAT  IT  IS Q.   4  88 

Quarter-Turn  Belt  Drive,  A  Troublesome 54 

Questions  We  Do  Not  Wish  to  Answer. Q.  37  81 

pADIANT  OF  A  METEORIC  SHOWER,  THE  «7 
^^  Radiators  Fed  AboTe  and  Below  the 

Floor f  Q.128  281 

Radios  of  an  Are  Dividing  the  Area  of  a 

Circle  Into  Two  Equal  Parts Q.   79  88 

Railroad  Block  Signaling 49 

Ram,  Pressure  per  Square  Inch  on Q.  157  822 

Range  Finders 300 

Raw  Materials  From  Which  the  Leads  Are  Made  808 

Rayfllter,  The 82 

Records  and  Their  Causes,  Variations  of 18 

Remedies  for  a  Slipping  Belt 106 
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Ruling  Pen,ToDre88a 75 
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Samoa 314 
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Sawing  Flooring   228 
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Scene  ata  Whaling  Ground 861 

School  of  Illustration,  The 420 

Scraping  Up  Slide  Valves  and  Seats. 846 

Screw  Cutting,  A  Help  in 180 

Propeller,  How  to  Make  a  4-Bladed       Q.  211  372 
Propellers,  Description  of  the  Construc- 
tion of  Q.  56  85 

Thread  Taps,  Formulas  for  Finding 

Standard  Diameters  of  Q.  221  874 

Screwed  Joints  in  Hot- Water  Pipes Q.  128  281 
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Seasoning  From  the  Inside  Outwards 269 
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Liners,  Two  More 222 

Sediment  in  a  Gravity  Battery Q.  19  37 

Self-Help  Department 
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Series  Magneto  Generator:  Remedy  for  Too 

Much  Resistance  Q.209  872 
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paring  Q.  225  375 

Shock  From  Electricity  in  Water  Q.   7  34 

Shooting  Stars,  or  Meteors 67 

Shop  and  Drafting  Room 247 

Short  Splice,  The  242 

Sight-Feed  Lubricator,  An  Improved 30 

Signal  Corps,  The 387 

Signaling  With  the  Flag  337 
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Simple  Method  of  Picturing  Velocities,  A 896 
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Monocyclic  Systems:  Where  They 

Are  Explained Q.  78  88 
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Of  Cylinders  to  do  Certain  Work Q.  212  878 
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Sliding  Friction 108,  162 

Slipping  Belt,  Remedies  for  a 106 

Smoke  Is  But  Unbumed  Carbon 840 

Prevention    840 
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Soldering 399 
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South-Pole  Star 885 

Spanish-American  Treaty,  The 70 

Spark  Coil,  Construction  of  a Q.  198  870 
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Splices.  Knots,  and  Bends 241 

Spring  Relief  Valve.  Construction  of Q.  55  85 

Standard  Length  of  Thread  for  Steam  Pipes  Q.  81  40 

Stars,  Shooting 67 

Starting  a  Gasoline  Engine  With  a  Single 

explosion  Q.  84  40 

A  Load  With  the  Crank  in  the  Lowest 

Position Q.  125  280 

Steam  Launch,  Remedy  for  Pump  Pound 

in Q.  144  279 
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mation Concerning Q.  136  232 

Steel  Balls  for  Ball  Bearings Q.  89  82 
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Stone,  Defects  in Q.  106  183 
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Strength  of  Column,  Method  of  Obtaining 

Ultimate Q.  167  324 
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Stuck  Box,  How  Detected                             Q.  124  229- 
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Drawings 84S 

Submarine  Minc-s lis 
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OUR  CHANGE  OF  TITLE. 


IN  FUTURE,  this  publication  (hitherto 
known  as  Home  Study  Magazine)  will 
be  called  The  Mechanic  Arts  Magazine. 
This  change  has  been  made'  because  we 
believe  that  an  educational  journal  should 
possess  a  name  that  indicates  in  an  unmis- 
takable manner  the  general  character  of  its 
contents. 

The  Mechanic  Arts  Magazine,  then,  is  an 
educational  journal  of  the  mechanic  arts  of 
engineering  and  allied  industries.  Its  main 
object  is  to  give  information  of  practical 
value  to  students,  and  to  those  engaged  in 
actual  work  in  any  branch  of  mechanical  or 
civil  engineering.  With  this  end  in  view  we 
shall  see  to  it  that  the  articles  are  well 
within  the  comprehension  of  all  intelligent 
men— even  of  those  who  have  had  but  few 
educational  advantages ;  difficult  mathemat- 
ical solutions  will  therefore  be  avoided. 

We  shall  endeavor  by  means  of  ingenious 
illustrating  and  plain  talking  to  make  clear 
to  students  of  engineering,  to  mechanics, 
and  to  those  engaged  in  any  of  the  allied 
industrial  trades,  the  fundamental  principles 
of  physics,  mechanics,  and  applied  science. 
In  this  way  we  hoj)e  to  create  in  the  mind  of 
every  reader  a  new  and  lasting  interest  in 
the  theories  upon  which  the  mechanic  arts 
of  engineering  are  based,  and  to  give  him  a 
firm  grasp  of  every  subject  treated. 

Future  numbers  of  The  Mechanic  Arts 
Magazine  will  contain  the  matter  relating  to 
machine-shop  practice  that  has  hitherto 
been  published  in  Home  Study  for  Machin- 

OopyrtghUd,  1899,  by  The 


I8T8,  Steam  Engineers,  Etc.,  and,  under  the 
head  of  **  Good  Schemes,*'  up-to-date  time- 
and  labor-saving  methods  that  find  favor  in 
engineering  and  manufacturing  establish- 
ments, will  be  described  and  illustrated  ; 
these  will  be  contributed  by  practical  men 
from  all  parts  of  the  country. 

Under  the  head  of  "Trade  Notes,**  new 
machines  and  useful  inventions  will  be  men- 
tioned. This  department  will  also  include 
general  industrial  information,  business  and 
educational  notices,  catalogue  and  book 
reviews. 

As  in  the  past,  several  pages  will  be 
devoted  to  **  Answers  to  Inquiries,**  and  we 
cordially  invite  our  patrons  to  make  this 
department  as  interesting  and  instructive  as 
possible  by  sending  us  questions  that  arise 
in  the  course  of  their  work  or  studies. 

By  the  introduction  of  articles  on  popular 
science,  current  topics,  and  up-to-date  infor- 
mation of  a  scientific  and  practical  nature, 
we  hope  to  make  the  magazine  of  much 
interest  to  every  intelligent,  practical  man. 

It  is  with  pleasure  that  we  also  announce 
a  reduction  in  the  subscription  price.  The 
new  price  is  $1.00  per  year,  10  cents  per 
copy.  Subscriptions  to  Home  Study  Maga- 
zine that  have  been  placed  during  the  past 
12  months  at  the  rate  of  $1.50  per  year  will 
be  extended  one  month  for  every  two  months 
they  have  still  to  run  ;  in  other  words,  for 
every  two  issues  of  Home  Study  Magazine 
still  due,  three  issues  of  The  Mechanic  Arts 
Magazine  will  be  sent. 
Colliery  Engineer  Company. 
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Osorgs  A,  Goodenough, 

Heat  AND  WoBK  A rb  Identical — Count  Rumfobd'sObservatiohs  One  Hundred  Years  Aco. 
Joule's  EzpbriiiIbntb — Rowland's  Accepted  Eqiuvalent  op  778  Foot-Pouhw*. 


JUST  about  one  hundred  years  ago.  Count 
Rumford  made  the  first  rough  detenui-  . 
nattoD  of  the  mechanical  equivalent  of 
heat ;  though  the  star;  of  Rumford'e  eiperi- 
ment  is  old,  it  is  worthy  of  repetition.  It 
had  frequently  been  observed  that  heat  is 
usually  generated  when  mechanical  work 
is  done ;  and  it  was  known  at  that  time,  as 
it  is  now,  that  a  cutting  tool  will  heat,  or 
that  a  dry  journal  will  warm  its  bearing. 
Rumford  had  speculated  much  upon  this 
seeming  connection  between  work  and  beat. 


by    the   operation    was    absorbed    by   the 

water,  and  could  be  measured  by  the  rise 

in  the  temperature  of  the  water.    At  the 

beginning  of  the  experiment,  the  water  was 

ice  cold,  that  is,  at  32°  F. ;  at  the  end  of  two 

and  one-half  hours,  the  water  boiled.    The 

power  exerted  by  the  horses  could  not  be 

accurately    measured ;    Rumford,   however, 

stated  that  the  work  could  have  been  done 

by  one  horse.      Now,  1  horsepower  is  the 

power  required  to  perform  33,000  foot-pounds 

of  work  per  minute ;  therefore,  the  work 

done  by  the  horse  in  2  j 

hours,  or  150  minutes, 

was   33,000  X  150  = 

4,950,000  foot-pounds. 

The  box  contained 

26.6  pounds  of  water, 

which  was  raised    in 

temperature  from  32" 

to2l2''F.  TheEnglieli 

unit  of  heat  ia  the  heal 

pound  of  water  1 
degree  Fahrenheit. 
Since,  in  this  experi- 
ment, 26.6  pounds 
were  raised  180°,  the 
number  of  heat  units 
generated  in  boring 
the  cannon  was  180  X 
26.6  =  4.788.      The 


He  was  the  superintendent  of  the  cannon 
foundry  of  the  arsenal  at  Munich,  and  had 
been  led  to  study  the  subject  by  observing 
the  heat  generated  during  the  boring  of  the 
cannon.  In  a  truly  scientific  manner,  Rum- 
ford proceeded  to  find  by  experiment  if 
the  heat  generated  during  the  boring  of 
a  cannon  was  proportional  to  the  work 
done.  For  this  purpose  he  enclosed  a 
cannon  in  a  wooden  box  fllted  with  water, 
and  bored  it  with  a  heavy  drill,  which  was 
driven  by  two  horses.    The  heat  generated 


4,(150,000  -f-  4,788  (= 
1,034}  foot-pounds  of 
work  must  be  done.  The  value  obtained  by 
Rumford  can  only  be  regarded  as  a  rough 
approximation  to  the  true  value ;  no  allow- 
ance was  made  for  the  heat  lost  by  radiation, 
and  the  power  exerted  by  the  two  horses  was 
probably  not  equal  to  1  standard  horsepower. 
At  the  time  of  Rum  lord' a  experiment,  it 
was  generally  believed  that  heat  was  a  sub- 
stance, a  fiuid  without  weight,  which  could 
readily  flow  from  one  body  to  another. 
This  experiment  showed  quite  clearly  that 
heat   could    not   be  a   subatance,    as   was 
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generally  suppoeed ;  for,  if  such  were  the  case, 
the  cannon  could  contain  only  a  measurable 
amount  of  heat,  and  after  a  certain  time  it 
would  cease  to  give  it  out. 

The  experiment  of  Count  Rumford  and 
those  of  Davy  and  Black,  performed  a  little 
later,  led  to  the  belief  that  heat  is  simply  a 
form  of  work,  and  that  one  may  be  con- 
verted into  the  other.  This  being  true,  there 
must,  of  course,  be  a  numerical  relation 
between  the  unit  of  heat  and  the  unit  of 
work  ;  that  is,  a  unit  of  heat  must  be  equiva- 
lent to  a  certain  number  of  units  of  wol'k. 
Rumford's  experiment,  as  we  have  seen, 
showed  that  the  heat  unit  is  equal  to  some- 
where near  1,034  foot-pounds  of  work. 

The  first  accurate  experiments  on  the 
mechanical  equivalent  were  made  by  Dr. 
Joule,  of  Manchester,  England.  The  appa- 
ratus employed  is  shown  in  Fig.  1.  By  an 
arrangement  of  pulleys  and  drums,  a  paddle 
p  was  caused  to  rotate  in  a  vessel  v  of  water 
by  the  fall  of  a  weight  w.  The  work  per- 
formed by  the  falling  of  the  weight,  except 
a  small  percentage  absorbed  by  the  friction 
of  the  moving  parts,  was  expended  in  churn- 
ing the  water  in  the  vessel.  By  means  of  a 
delicate  thermometer  t  it  was  observed  that 
the  temperature  of  the  water  was  raised  by 
the  action  of  the  paddle.  The  rise  of  tem- 
perature must  have  been  due  to  the  heat 
generated  by  the  paddle,  since  heat  could 
have  been  applied  to  the  water  in  no  other 
way.  Joule  very  carefully  measured  the 
work  of  the  falling  weight,  and  the  heat 
imparted  to  the  water.  After  making  correc- 
tions for  all  possible  errors,  he  found,  as  the 
mean  of  a  great  number  of  experiments,  that 
1  heat  unit  is  equivalent  to  772  foot-pounds 
of  work. 

An  ingenious  method  of  determining  the 
mechanical  equivalent  is  due  to  Hirn,  a 
German  engineer.  He  suspended  by  cords 
a  block  of  sandstone  s  and  a  cast-iron 
cylinder  c;  between  the  two  was  hung  a 
block  of  lead  /,  as  in  Fig.  2.  In  performing 
the  experiment,  the  cylinder  is  raised  to  the 
position  shown  by  the  dotted  lines,  and  is 
then  allowed  to  fall  and  strike  the  lead 
block,  the  block  of  sandstone  acting  as  an 
anvil,  to  receive  the  shock.  The  work  done 
by  the  swinging  cylinder  is  equal  to  its 
weight  multiplied  by  the  vertical  height 
through  which  it  falls ;  but,  since  the 
cylinder  rebounds,  the  net  work  is  the 
weight  multiplied  by  the  height  of  fall, 
minus  the  height  through  which  it  again 
rises.  Part  of  this  work  done  by  the  cylin- 
der is  spent  in  swinging  the  sandstone  block 


into  its  new  position  ;  this  work  is  the  weight 
of  the  sandstone  multiplied  by  the  vertical 
height  through  which  it  rises.  The  remain- 
der of  the  work  must  be  done  on  the  lead 
block,  and  must  appear  in  the  form  of  heat. 
The  temperature  of  the  lead  is  carefully 
noted  just  before  the  experiment,  and  just 
after.  Knowing  the  rise  of  temperature  and 
the  weight  of  the  lead,  the  heat  given  up  to 
the  lead  can  be  calculated,  and  this  heat  is 


Fig.  2. 

just  the  equivalent  of  the  work  done  on  the 
lead.  Hirn  found  by  this  method  the  value 
of  774.5  for  the  mechanical  equivalent. 

Him  also  determined  the  mechanical 
equivalent  by  measuring  the  work  done  in 
the  steam  engine  by  a  unit  of  heat.  He 
measured  the  heat  delivered  to  a  large  engine 
in  a  given  time,  and  the  heat  delivered  by 
the  engine  to  the  condenser  during  the  same 
time.  He  found  that  the  latter  was  in  every 
case  less  than  the  former ;  that  is,  some  of 
the  heat  contained  in  the  steam  was  seem- 
ingly lost  in  passing  through  the  engine. 
According  to  the  theory  that  heat  is  simply 
a  form  of  work,  the  heat  lost  in  the  passage 
through  the  engine  should  be  exactly  equiva- 
lent to  the  work  given  out  by  the  engine. 
The  difficulty  of  the  experiment  rendered 
an  exact  determination  of  the  mechanical 
equivalent  impossible ;  however,  after  making 
allowance  for  heat  lost  by  radiation  and 
otherwise,  Hirn  found  the  value  752  for 
the  mechanical  equivalent.  The  value  of 
the  experiment  lies  in  the  confirmation 
of  the  theory  that  heat  and  work  are  identi- 
cal. A  measured  quantity  of  heat  enters  the 
engine,  and  a  less  quantity  is  given  up  to 
the  condenser.  Somewhere  in  the  operation 
heat  has  been  lost.  The  engine,  however, 
does  a  certain  amount  of  work,  and  the 
modern  theory  of  heat  asserts  that  this  work 
is  the  exact  equivalent  of  the  heat  lost.  In 
other  words,  the  heat  is  not  lost  at  all,  but 
reappears  in  the  form  of  work.  When  heat 
is  thus  changed  to  work,  or  work  to  heat, 
there  is  a  constant  ratio  between  the  number 
of  foot-pounds  of  work  and  the  number  of 
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beat  units.    The  value  of  this  ratio  is  the 
mechanical  equivalent. 

The  best  and  most  recent  determination 
of  the  mechanical  equivalent  of  heat  is  that 
of  Prof.  Rowland,  of  Baltimore.  He  used  an 
apparatus  resembling  Joule's  in  principle, 


but  much  larger.  As  the  result  of  a  series  of 
careful  experiments.  Prof.  Rowland  fixed 
upon  778  as  the  most  probable  value  of  the 
mechanical  equivalent,  and  it  is  the  value 
generally  used  by  engineers  at  the  present 
time. 
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A  Few  Hints  From  Experience  to  Draftsmen. 


OUR  patent  system  has  caused  the  gradual 
development  of  a  branch  of  the  illustra- 
tive art,  which  may  be  called  patent- 
office  drafting y  and  which  is  peculiar  in  that, 
although  a  specialty  in  the  art  of  drafting,  it 
covers  at  the  same  time  a  most  extensive 
field,  and  embraces  a  great  multitude  of  sub- 
jects, as  a  glance  through  the  pages  of  the 
United  States  "Patent  Office  Gazette"  will 
hhow. 

No  matter  what  specialty  a  draftsman  may 
have  taken  up,  he  is  liable  to  be  called  upon 
at  one  time  or  another  to  do  some  patent- 
office  work.  The  following  hints  are  intended 
to  supply  him  with  the  necessary  informa- 
tion for  the  execution  of  such  work ;  and 
although  he  will  doubtless  find  therein  much 
that  is  old  in  his  special  branch,  it  is  believed 
that  among  the  suggestions  there  are 
some  that  will  be  valuable  to  him.  Thus,  the 
illustrator  engaged  in  preparing  originals  for 
photographic  reproduction,  while  familiar 
with  all  the  requirements  of  that  work, 
some  of  which  are  common  to  it  and  to 
patent  drafting,  may  glean  information  with 
regard  to  the  more  technical  side  of  the  latter 
branch ;  again,  the  machine  designer  or 
architectural  draftsman,  chiefly  engaged  in 
constructive  work  and  the  execution  of 
working  drawings  for  the  shop,  may  find 
some  things  that  he  has  had  no  call  for  in 
his  line  of  work.  On  the  whole,  this  article 
may  serve  as  a  general  guide  to  those  who 
wish  to  take  up  patent  drafting  as  a  specialty. 

The  Unitec^  States  Patent  Office  furnishes 
free,  on  application,  a  copy  of  "Rules  of 
Practice."  The  book  is  a  very  handy  one, 
as  it  gives,  in  general  outline,  the  business 
methods  followed  in  the  oflSce,  together  with 
much  useful  information  as  to  how  the 
drawings  should  be  made.  The  rules  given 
are  in  the  main  enumerated  here,  together 


with  many  additional  suggestions  not  con- 
tained in  the  book. 

All  patent-office  drawings  must  be  made 
on  "three-ply"  bristol-board.  Care  should 
be  taken  in  the  selection  of  this  paper  ;  it 
should  have  a  well  calendered  surface,  be  of 
even  texture  throughout,  and  stand  rubbing 
well  with  pencil  rubber  and  ink  eraser.  Two 
very  good  brands  of  bristol-board  are 
Reynolds'  and  Designer's  ;  the  former  is  the 
harder  of  the  two  but  is  thinner,  and  ink 
erasures  must  be  more  cautiously  made  upon 
it  than  upon  the  latter  kind  ;  on  the  other 
hand,  the  surface  of  the  harder  paper  is  less 
liable  to  become  "teased,"  or  roughened, 
by  frequent  application  of  the  pencil  rubber. 
If  a  drawing  is  likely  to  be  on  the  board  a 
long  time,  the  subject  being  complicated, 
the  harder  kind  of  paper  will  be  preferable. 
Ink  erasing  should  be  avoided,  but  is  abso- 
lutely necessary  sometimes.  The  use  of  a 
knife  for  making  erasures  will  be  found 
very  unsatisfactory,  as,  unless  very  carefully 
handled,  the  knife  leaves  a  bad  surface  to 
make  the  corrections  on.  A  Faber  ink- 
erasing  rubber,  evenly  and  lightly  applied, 
is  much  better,  although  requiring  more 
time.  After  an  erasure  is  made,  the  surface 
should  be  rubbed  with  a  soft  pencil  rubber 
to  remove  the  brimstone  particles  that  have 
been  forced  into  the  paper  by  and  from  the 
ink  eraser ;  finally,  the  surface  should  be 
smoothed  down  with  the  thumb  nail  or, 
better  still,  with  a  flat  piece  of  polished 
ivory,  which  should  be  among  the  tools.  A 
new  surface  thus  prepared  will  take  ink 
without  blurring,  and  there  will  be  hardly 
any  evidence  of  a  correction  having  been 
made  except  that,  when  held  up  to  the 
light,  the  paper  will  show  signs  of  being 
slightly  thinned.  With  the  hard,  thin  paper 
the  limit  to  which  erasures  may  be  carried 


DRAFTING  FOR  THE  PATENT  OFFICE, 


is  soon  reached,  and  care  must  be  taken  not 
to  rub  through,  as  a  sheet  so  injured  will  be 
returned  from  the  patent  office  as  "muti- 
lated/* A  point  in  favor  of  the  thin  paper 
is  that  blueprint  copies  can  be  obtained  from 
it  more  readily  than  from  the  thick  paper. 
The  fact  that  attorneys  must  keep  copies  of 
the  drawings  on  file  for  reference  makes  this 
a  matter  w^orthy  of  consideration.  For  this 
reason,  some  attorneys  insist  on  the  drafts- 
man using  two-ply  bristol-board  ;  this  is 
against  the  rules  of  the  patent  office,  how- 
ever, and  such  drawings  are  likely  to  be 
returned  as  **  informal." 

A  good,  sharp  print  can  be  obtained  by 
turning  the  inked  side  of  the  sheet  towards 


Pig.  1. 

the  sensitized  paper  in  the  printing  frame ; 
this,  of  course,  reverses  the  copy,  which  is 
bad  as  far  as  the  reference  letters  are  con- 
cerned ;  on  the  other  hand  this  objection  is 
small  in  view  of  the  greater  sharpness  of  the 
lines.  If  a  number  of  copies  is  required, 
which  very  often  happens  when  the  inventor 
wishes  to  have  one  or  more  for  his  private 
use,  a  good  way  is  to  make  a  reversed  print 
on  regular  photographic  silver  paper,  which 
will  show  white  lines  on  dark-brown  ground. 
This  copy  can  be  used  to  print  through  on 
ordinary  blueprint  paper,  giving  sharp  blue 
lines  on  a  white  ground. 

The  patent  office  requires  that  the  sheets 
be  10  inches  wide  by  15  inches  long,  with  a 
black  marginal  line  1  inch  from  the  edge  all 


around.  The  left-hand  lower  corner  must 
bear  the  names  of  two  witnesses.  The  lower 
right-hand  corner  of  each  sheet  must  bear 
the  name  of  the  inventor  and  of  his  attorney. 
By  mutual  consent  the  first  of  the  two  wit- 
nesses is  usually  the  attorney,  and  the  second 
the  draftsman  who  made  the  drawing.  This 
is  not  without  a  purpose,  for  in  patent  litiga- 
tions it  is  often  desirable  to  be  able  to  locate 
and  examine  on  the  witness  stand  the  man 
who  made  the  drawing.  For  this  reason 
also,  a  patent  draftsman  should  keep  a  mem- 
orandum book  in  which  to  note  down  the 
names  of  the  inventor  and  of  the  attorney 
and  the  date  in  each  case.  He  should  also 
carefully  preserve  all  sketches.    All  dealers 
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in  artists'  materials  keep  in  stock  printed 
patent-office  blanks  of  the  proper  size ;  if  well 
made,  these  are  very  convenient  and  save 
much  time.  On  the  other  hand,  there  are 
objections  to  these  blanks  ;  while  the  draw- 
ing is  being  made,  the  edges  are  apt  to  be 
injured  and  the  comers  turned  over  and  torn 
off;  sheets  thus  disfigured  would  not  be 
accepted  by  the  patent  office.  Again,  it  is 
necessary  to  run  the  thumbtacks  through 
the  sheet,  leaving  holes.  For  these  reasons 
many  draftsmen  prefer  to  use  the  ordinary 
13^^  X  IB''^  sheets  of  bristol-board,  as  sold  by 
the  trade,  rule  and  letter  them  themselves, 
and  cut  them  to  regulation  size  after  the 
drawing  is  finished. 
A  very  good  plan  obviating  the  troubles 
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just  mentioned  was  suggested  and  is  carried 
out  for  his  own  use  by  a  New  York  attorney. 
The  blank  is  printed  in  the  ordinary  man- 
ner, but  not  cut  to  size,  the  proper  dimen- 
sions being  indicated  by  depressed  lines 
made  by  an  embossing  die.  Thus  there  is, 
while  the  drawing  is  being  made,  an  extra 
width  of  paper  all  around,  which  is  cut  oflF 
easily  and  accurately  afterwards  along  the 
embossed  lines.  This  is  a  very  good  plan, 
and  is  recommended  to  dealers  for  imitation. 

A  further  requirement  of  the  office  is  that, 
between  the  top  marginal  line  and  the 
uppermost  point  in  the  drawing,  there 
shall  be  a  clear  space  of  1}^  inches  to  be 
used  by  the  office  for  the  insertion  of  the 
name  of  the  inventor  and  the  title  of 
the  invention.  As  already  explained,  the 
lower  right-  and  left-hand  comers  are  occu- 
pied by  signatures.  There  remains,  there- 
fore, for  the  drawing  itself,  a  comparatively 
small  space,  which  one  has  to  economize  as 
much  as  possible.  For  this  reason,  the 
blank  should  be  so  printed  that  the  signa- 
tures occupy  as  little  room  as  possible.  Fig.  1 
shows  a  blank  in  which  much  valuable  space 
has  been  wasted,  while  Fig.  2  shows  a  very 
good  arrangement,  in  which  the  space 
between  the  signatures  is  available  for  draw- 
ing purposes,  which  space  is  lost  in  the 
arrangement  shown  in  Fig.  1.  Very  often 
this  lack  of  space  between  the  signatures 
proves  to  be  an  annoying  matter.  Another 
difference  between  the  two  blanks  will  be 
observed  in  the  marginal  lines.  Fig.  1  shows 
the  upper  and  the  left-hand  lines  thin,  and 
the  lower  and  right-hand  ones  thick  ;  this  is 
evidently  intended  to  show  artistic  taste  on 
the  part  of  the  printer,  but  the  heavy  uniform 
marginal  line  of  Fig.  2  is  to  be  preferred. 
In  order  to  make  the  holes  of  the  thumb- 
tacks show  as  little  as  possible,  the  draftsman 
will  run  the  tacks  through  the  corners  of  the 
marginal  lines,  and  if  these  are  heavy,  the 
holes  will  hardly  show  at  all.  The  paper 
being  stiff,  two  tacks  driven  as  at  t  and  t^. 
Fig.  1,  will  hold  the  sheet  firmly.  To  avoid 
tack  holes,  the  sheet  may  be  fastened  down, 
as  in  Fig.  2  ;  but  then  three  tacks  are  needed, 
and  the  lower  one  will  always  be  in  the  way 
of  the  T  square. 

The  patent  office  designates  the  edge  a  b 
as  the  top  of  the  drawing,  and  all  views 
must,  if  possible,  conform  to  this  idea.  In 
cases  where  the  length  of  the  figure  is  greater 
than  its  height,  the  sheet  is  turned  around  so 
that  c  a  is  the  top  of  the  drawing,  the  signa- 
tures being  then  to  the  left.  To  this  rule  of 
the  office  it  is  well  to  add  another  ;  namely, 


whenever  possible,  all  the  sheets  of  one  set 
of  drawinj^s  should  read  the  same  way.  This 
has  the  advantage  that,  when  laying  out  the 
several  views,  and  also  when  studying  the 
drawings,  the  sheets  can  be  handled  with 
much  more  convenience  by  draftsman,  attor- 
ney, and  official  examiner. 

Although  a  patent-office  drawing  is  mainly 
a  picture,  or  illustration,  it  will  pay  the  drafts- 
man to  work  to  scale,  using  the  same  scale 
for  all  views  belonging  together.  This  will 
not  only  greatly  facilitate  and  expedite  mat- 
ters, but  will  make  the  drawings  a  good  deal 
clearer,  and  the  examiner  will  be  able  to  see 
at  once  the  relation  of  the  various  views  to 
one  another. 

Suppose,  for  instance,  that  a  certain 
machine  is  to  be  illustrated.  We  find  that 
to  properly  show  the  complete  mechanism 
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it  will  require  a  plan,  a  front  view,  a  side 
view,  and  a  longitudinal  section  of  the  whole 
machine,  as  well  as  various  details.  The 
draftsman  may  then  tack  three  sheets  on  a 
large  board,  as  in  Fig.  3,  and  proceed  as  if 
he  were  making  a  regular  working  drawing. 
He  will  thus  commence  and  finish  all  the 
three  main  views  at  one  time.  It  is  evident 
that  the  scale  should  be  as  large  as  possible. 
The  details  will  naturally  be  drawn  to  a  larger 
scale  than  the  main  views.  By  using  the 
same  scale  for  all  the  details,  the  reader  of 
the  drawings  will  much  more  easily  see  how 
the  different  parts  of  the  machine  fit  together. 
There  is  a  great  difference  between  the 
details  of  a  patent  drawing  and  those  of 
a  working  drawing.  In  the  latter  the  details 
consist,  as  a  rule,  of  one  or  more  views  of 
each  single  piece  of  the  machine,  while  in 
the  former  the  details  are  intended  to  con- 
vey to  the  reader  a  more  lucid  conception  of 
the  operation  of  one  particular  part  of  the 
mechanism.  Thus,  if  it  were  desired  to  make 
clear  the  forming  of  the  loops  in  a  sewing 
machine,  two  or  more  detail  views  of  the 
shuttle  and  needle  bar  might  be  necessary, 
showing  these  parts  in  various  successive 
relative  positions  towards  each  other.    In 
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arranging  the  views  one  should  strive  to  keep 
the  various  parts  of  the  machine  belonging 
together  as  much  as  possible  on  the  same 
sheet  Thus,  in  the  given  example,  the  loop- 
forming  mechanism  should  be  shown — in  as 
many  views  as  necessary — on. one  sheet,  and 
the  cloth-feeding  mechanism  on  another — 
that  is,  if  both  cannot  be  put  on  one  sheet. 
When  it  was  said  a  little  while  ago  that  the 
comparatively  small  space  allotted  should  be 
economized,  it  was  not  meant  that  the  views 
should  be  crowded.  On  the  contrary,  they 
should  be  kept  well  apart.  In  fact,  the 
oflSce  requires  that  each  view  be  distinctly 
separable  at  a  glance  from  the  others.  Thus, 
an  arrangement  of  views  as  indicated  in  Fig.  4, 
in  which  the  plan  cuts,  as  it  were,  the  eleva- 
tion in  half,  is  not  permissible.  There  is  good 
reason  for  this:  Every  letters  patent  that 
is  granted  is  made  public  through  the  official 
"Patent  Office  Gazette  "  by  a  single  insertion 
of  the  claims  and  one  illustration.  This 
illustration  is  chosen  from  among  the  com- 
plete set  of  drawings,  as,  in  the  opinion 
of  the  examiner,  being  best  suited  to  illustrate 
the  invention.  If,  now,  the  views  are  so 
interspersed  that  one  cannot  be  photolitho- 
graphed  without  the  other  except  by  great 
trouble,  there  is  more  space  needed  in  the 
* '  Grazette, ' '  than  one  patent  is  entitled  to.  If 
it  is  possible  to  leave  a  little  blank  space  on 
each  sheet  without  making  it  look  too  bare, 
it  is  well  to  do  so  for  the  possible  addition  of 
a  small  detail  view  here  and  there. 

In  regard  to  the  selection  of  the  various 
views,  it  is  evident  that  no  fixed  rules  can  be 
given,  as  it  will  depend  on  the  subject  to 
be  illustrated.  Generally,  however,  the 
draftsman  will  have  among  the  figures  one 
that  represents  the  whole  invention,  in  a 
general  way,  as  completely  as  is  possible  in 
a  single  view ;  in  the  case  of  a  machine,  this 
will  probably  be  an  elevation,  taken  from 
that  side  which  shows  the  most  of  the 
mechanism.  This  main  view  generally  con- 
stitutes Fig.  1,  and  serves  a  double  purpose ; 
firstly,  it  is  intended  to  be  the  one  to  be 
published  in  the  **  Gazette,"  showing  the 
subject  of  the  invention  in  a  general  way 
without  going  into  details ;  secondly,  it  is  a 
very  great  help  to  the  attorney,  as  well  as  to 
the  examiner  in  the  patent  office.  With  the 
former  it  is  the  basis  upon  which  to  build 
his  specification,  and  to  which  to  refer  when 
discussing  the  details.  With  the  latter  it 
forms  the  clue  that  at  once  places  him  in 
touch  with  the  gist  of  the  invention,  and 
saves  him  the  trouble  of  reading  the  whole 
specification  to  learn  what  it  is  all  about. 


The  fact  is,  the  set  of  drawings  should  con- 
vey to  the  examiner  a  full  understanding 
of  the  operations  of  a  machine,  without 
the  specification.  This  is  evidently  what 
the  office  expects,  for  candidates  for  the 
position  of  examiner  are  given  a  set  of  draw- 
ings, and  requested,  as  a  proof  of  their  quali- 
fication for  the  place,  to  briefly .  state  the 
nature  of  the  invention  firom  the  drawings 
alone.  That  a  candidate  who  is  unfortunate 
enough  to  be  given  a  poor  set  of  drawings 
will  make  also  a  very  poor  guess,  is  evident. 
In  the  "Rules  of  Practice,"  we  find  the 
following  sentence :    "  When  the  invention 
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consists  of  an  improvement  on  an  old 
machine,  the  drawing  must  exhibit,  in  one 
or  more  views,  the  invention  iteelf,  discon- 
nected from  the  old  structure,  and  also,  in 
another  view,  so  much  only  of  the  old  struc- 
ture as  will  suffice  to  show  the  connection  of 
the  invention  therewith."  As  a  rule,  this 
requirement  cannot  be  strictly  adhered  to. 
Such  improvements  will  generally  be  so  inter- 
mingled with  parts  of  the  old  machine  scat- 
tered through  it  that  a  separation,  as  called 
for  in  the  above  rule,  would  make  a  drawing 
incomprehensible.  A  good  way  to  separate 
new  parts  from  old  ones  is  to  "shade  up" 
the  former  only,  and  show  the  latter  in  out- 
line, or  even  in  dotted  lines,  as  in  Fig.  5. 
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Views  in  perBpc<;tive  are  justifiable  in 
comparatively  few  cases.  For  iUuetrating 
machinery  they  are  difficult  and  tedious  to 
make,  and  are,  consequently,  exiiennive,  and 
as  a  nite  attorneys  are  not  willing  to  pay  for 
the  extra  time   and  labor.    BeKideK.  such 


views,  if  not  very  sitilfully  done,  have  always 
a  more  or  leaa  awkward  and  unnatural 
ap]>earance,  as  in  Fig.  6,  for  instance.  This  is 
especially  true  when  approximate  persjiec- 
tive  methods  are  resorte<l  to,  sncli  as  "cava- 
lier perspective"  and  "isometric"  drawing. 
Asnrule,  tlien,  the  draftsman  will  employ  any 
of  these  methods  as  sparingly  as  he  can,  and 
only  where  they  offer  a  decided  advantage,  as, 
for  instance,  when  a  single  perspective  view 
will  more  clearly  demonstrate  t-ertain  points 
than  a  nnmber  ot  rectilinear  projections 
would  (as  in  Fig.  7,  for  instance),  or  in  cases 
where  the  shape  of  an  object  plays  an  impor- 
tant part,  such  as  in  collar  buttons,  garter 
hooks,  shoes,  etc..  or  as  in  Pig,  8,  which  rep- 
resents a  lielt  fastener.  In  this  matter  the 
draftsman  must  follow  his  own  judgment. 

In  shading  and  in  applyingshade  lines,  the 
light  is  supposed  to  come  from  the  upper 
left-hand  corner  at  an  angle  of  45°,  as  is 
customary  in  most  mechanical  drawings. 
This  applies  to  all  the  views.  The  patent 
office  re<iuire8  all  lines,  no  matter  how  thin, 
to  be  perfectly  black  and  sharp.  This  calls 
for  the  best  kind  of  ink  and  the  very  best 
instruments,  kept  m  perfett  order 

Draftsmen  engaged  in  dlustrating  work 
prefer  generally  to  grind  their  own  mk  from 
a  stick  of  Chinese  or  India  ink  K  thick 
slab  of  slate  into  whiih  a  dith  has  been 
turned,  and  having  a  still  loner  and  smaller 
cavity  at  the  bottom,  makes  a  good  ink  well 
and  B  glass  cover  keeps  out  the  dust.  In  such 
a  well  (see  Fig.  0)  the  ink  keeps  a  long  time 


clean.    Slate  is  much  to  be  pre- 
ferred to  china  for  ink  slabs,  as  the  stick  can 
be  ground  much  faster  on  it.    Tepid  water 
accelerates  the  process  of  ink  nibbing.    The 
commercial  liquid  inks  are  less  suitable  for 
]ia tent-office  work,  although  they  are  much 
used.      The    best    of   these 
liquid    inks  is   Higgins's 
Amerirsn    Drawing   Ink,  of 
which  there  are  two  brands, 
namely,    "general"    and 
"  waterproof"     The    latter 
is  not  so  intensely  black  as 
the  other,  does  not  flow  as 
easily,  and  is  more  trouble- 
some for  the  pen.   The  "gen- 
eral "  ink  is,  therefore,  to  be 
preferred  for  fine  work. 
With    respect    to    instru- 
,  ments,  every  draftsman  will 
-     have     his    own     way.       In 
.    selecting  a  ruling  pen,  how- 
ever, one    will  do  well    to 
choose  a  "  duplex,"  aa  shown 
in   Fig.  10.     This  is  adjusted  for  the  thin, 
unshaded  outlines  of  the   drawing   by  the 
screw  ",  and  for  the  shaded  outlines  by  a 
screw  h.     By  pressing  lever  r  against  the  end 
of  screw  h,  the  pen  opens  for  a  sha<le  line  ; 
by  letting  go  the  lever,  it  closes  on  screw  a 


for  a  thin  line.  With  this  pen  one  can  "  ink 
in  a  drawing  much  faster,  and  at  the  same 
time  have  all  the  shade  lines  of  equal  width. 
For  a  T  square,  one  with  a  thin  blade 
(2  inches  wide  by  -^  inch  thick)  of  trans- 
parent celluloid  is  strongly  recommended. 
Triangles  should  be  of  the  same  material. 
The  transparency  of  the  T  s<|uare  and  angles  is 
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valuable,  if  for  no  other  reason  than  thia,  that 
all  dust  and  ink  or  pencil  marks  are  easily 
detected  and  cleaned  away  before  soiling  the 
white  sheet.  Otherwise,  hard-rubber  blades 
and  triangles  would  answer  as  well — the 
flexibility  being  common  to  both  materials. 
It  will  be  evident  from  the  above  that 
squares  and  triangles  of  wood  with  trans- 
parent celluloid  edges,  which  were  offered  by 
the  trade  some  time  ago,  are  of  no  earthly  use. 
For  penciling  on  bristol-board  a  very  liard 
|>encil  should  be  uaed-Faber's  HnHHIlH, 


We  take  it  for  granted  that  the  reader 
knows  that  patent-office  drawings  are  repro- 
duced by  the  lithographic  process,  and  that, 
therefore,  they  must  be  executed  with  the 
pen  only;  that  is  to  say,  no  brush  washes  are 
permitted.  Uraftemen  who  have  not  had  a 
great  deal  of  experience  with  freehand  work 
and  lettering  will 
find  some  difficulty 


shading  and  letter- 
ing. This  is  purely 
amatterofpractice.  ""■ "' 

Some  artists  are  able  to  do  with  ease  as  fine 
work  with  a  common  pointed  writing  pen  as 
others  with  the  finest  ruling  pen.  But  these 
are  exceptions.    For  lettering  and  freehand 


fur  instance.  It  should  be  used  very  lightly, 
as  any  considerable  pressure  will  leave  inden- 
tations that  will  never  come  out  again.  On 
the  other  hand,  soft  pencils  will  leave  lead 
marks,  which  no  amount  of  rubbing  will 
remove. 

Of  rubbers  the  drartsman  should  have 
three  kinds  for  pencil,  and,  as  has  been 
already  stated,  a  medium  hard  ink  eraser  for 
ink.  The  pencil  rubbers  should  all  be  soft, 
but  not  of  the  same  degree  of  softness.  One 
should  he  quite  stifl',  "Davidson's  Velvet," 
for  instance.  This  is  to  be  used,  while  pen- 
ciling in,  to  remove  any  obstinate  lines  and 
spots.  While  pen- 
ciling, thecleaning 
process  should  be 


work,  "  Gillott's  long  shoulder,  crown  quill, 
No.    850"    will   be    found  to  answer  very 

That  drawings  should  be  made  with  as  few 

lines  as  is  consistent 
with  clearness  i 
another  rule.  The  ^ 
draftsman  will 
therefore  strive  to 
bring   out 

!  surfaces 


ods  is  illustrated  in  Fig.  II,  at  (a)  and  (b). 
The  main  object  of  a  patent  drawing  being 


should  be  as  little 
rubbing  as  pos- 
sible. The  second  grade  of  rubber,  which 
should  be  softer  than  the  first,  is  for  general 
use.  A  "multiplex"  is  good  for  thia;  it 
consists  of  a  multitude  of  layers  vulcanized 
together.  The  third  grade  sliould  be  the 
softest  of  the  three.  For  this,  a  sponge  rub- 
ber or  very  soft  solid  rubber  is  suitable.  If 
sponge  rubber,  it  should  he  of  the  gray,  not 
the  hiack,  kind — the  latter  dirties  the  paper. 


Kla.  VI. 
to  convey  a  full  understanding  of  the  inven- 
tion rather  than  to  show  a  completely  finished 
picture,  the  draftsman  is  at  liberty  to  leave 
parts  unshaded  if  by  so  doing  the  view  will 
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be  clearer.  ThtiB,  if !»  a  section  there  are 
two  or  more  superimpoeed  cylindrical  mir- 
faces,  he  may  leave  out  the  ebadingononeor 
two  of  them  [see Fig.  12,  (a)  and  (6)].  View 
(6)  does  DOt  look  artistic,  but  is  a  great  deal 
dearer  than  (a).  Asamatterof  fact,  incaies 
like  Fig.  12,  the    ehading   of  the  concave 

.   ■■    --  ;;,    r"''--"    --\ 


uneven  section  lining.  A  drawing  thus 
faulty  is  at  once  a  telltale  on  the  be^nner 
aod  amateur. 

Under  the  game  head  come  a  good  many 
other  things  which  will  distinguish  the  work 
of  an  experienced  man  from  that  of  a  beginner 
or  a  poor  workman.  Hereareafewinetances. 
No  one  who  haseverseen  a  gear-wheel  draw? 
the  teeth  as  in  Fig.  14  (a),  but  makes  them 
look  shipshape,  as  in  (6).  They  should  be 
made  with  the  compass  and  correctly  spaced. 
Rattier  tlian  iodicate  them  either  faulty  in 
xhape  as  at  (a),  or  carelessly  by  hand  as  at 


cylindrical  surface  c  is  almost  invariably  left 
off.  In  the  same  manner  plane  surfaces 
are  usually  not  shaded,  except  in  perspective 
views,  and  in  cases  where  several  of  them  are 
superimposed,  and  where  clearness  demands 
that  the  surfccee  be  distinctly  separated  [see 
Fig.  13,  (a)  and  (6)].  In  sucb  a  case,  equidis- 
tant thin  lines  are  used,  either  horizontal  or 
vertical.  Section  lining  is,  as  usual,  made 
with  oblique  parallel  and  equidistant  linee  as 
open  as  the  case  will  permit. 

The  plane  upon  which  a  sectional  view  is 
taken  should  be  indicated  on  the  general 


view  by  a  broken  or  dotted  line.  Usually, 
draftsmen  use  for  this  purpose  a  line  like 
this: .  In  connection  with  sec- 
tion lining  it  may  be  well  to  state  that  so 
far  no  machine  has  been  invented  which 
usefully  facilitates  this  work.  The  best 
"section  liner"  is  a  trained  eye  and  skilful 
hand.  To  this  matter  the  beginner  should 
pay  considerable  attention,  as  nothing  spoils 
the   appearance   of   a   drawing  more    than 


(c),  the  teeth  should  be  left  out  altt^her  and 
dotted  linesshown,  as  in  (d).  Thepitchrircle 
should  always  be  indicated  by  a  dot-and-dash 
line.  Sometimes  tliis  alone  will  serve  to  indi- 
cate a  gear-wheel.  Here  a  little  trick  will 
prove  a  great  saving  in  time.  The  correct 
spacing  of  a  gear  is  troublesome  and  tediooF. 
Now,  instead  of  showing  the  teeth  all  around. 


_5.. 


iJ^L 


m 


3^ 

(b) 


methods  (6)  and  (d)  msy  be  combined  ;  that 
is,  the  actual  teeth  need  be  shown  only  near 
the  point  of  mesh,  and  dotted  lines  used 
for  the  rest  of  the  circumference. 

Another  troublesome  thing  to  draw  is 
a  screw  thread.  If  not  loo  large,  the  con- 
ventional way  of  indicating  a  screw  thread, 
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agehownat  (a),  Pig.  15,  may  be  used.  Here 
it  18  well,  while  layint;  out  the  screw,  to 
draw  two  faint  pencil  lines  (,  to  guide  the 


things  of  like 
will  aixin  hit  upon 


a  little  advantagee  him  self.  If  be 
D  see,  he  will  not  draw  bolt  heads 
and  nnte  ae  flat  aa  a  pan- 
cake, like  (a),  Fig.  16,  but 
aa  high  as  the  bolt  at  (6), 
Fig.  16.  Nor  will  he 
draw  the  crank  of  an 
engine  like  {a),  Pig.  17, 
Just  becfluee  the  inventor 
tiaa  made  it  eo,  and  whit- 
tled it  out  of  a  piece  of 
kindling  wood,  for  hie 
model,  but  like  (A),  Fig. 
17.  He  will  not  indicate  a 
>.  pressure  screw  like  (a). 

Fig.  13,  because  in  the 
model  he  finda  a  wood 
Bcrew  used  for  the  pur- 
pose,  but  will  show  it 
Bomewhatlike(6),Fig.  18. 
Illustrations  of  what 
perpetrations  in  the  way 
of  drawings  the  official 
examiners  have  to  con- 
tend with,  are  given  in 
Figs.  19  to  23.  The  flrat 
shows  an   elevator  with 


onde 


e  and 


eye  aa  to  the  length  of  the  heavy  dashes. 
Without  this  precaution,  and  with  careless 
spacing,  the  thread  may  look  tike  ( b).  Fig.  15. 
Draw  the  thin  lines  flrat,  spacing  them 
nicely,  and  fill  in  the  thick  lines  afterwards. 


platforms,  but  little  cot- 
ton-thread   spools   for 
sheaves  and  pulleys.  Fig. 
20  is  supposed  to  repre- 
sent   a    corn  -  cultivating 
machine.     It  is  quite 
probable  that  the  exam- 
iner at  first  glance  took  it 
to  be  some  new  steering  device  for  children's 
sleighs.    Fig.  21  is  an  example  of  a  very  con- 
fused and  indistinct  drawing.    Fig.  22  is  a 
case  of  loo  much  surface  shading,  and  Pig.  23 
a  case  in  which  the  eicaminer  must  be  in 
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doubt  whether  the  subject  matter  of  the 
patent  application  is  a  method  of  producing 
novel  tonsorial  effects  or  is  a  porous  plaster, 
while  in  reality  it  is  a  shoulder  brace. 

All  these  things  may  seem  trifling,  but  a 
draftsman  engaged  for  any  length  of  time  in 
patent-office  drafting  is  very  apt  to  lose 
sight  of  the  mechanical  side  of  his  work. 
A  story  is  told  of  a  patent  draftsman  for 
many  years  connected  with  one  of  the 
great  ** patent  mills"  in  New  York,  where 
they  grind  out  applications  by  the  hundred 
every  day.  This  man  would  not  pay  much 
attention  to  the  gist  of  the  invention,  but 
would  portray  a  model  just  as  it  was  placed 
before  him.  Knowing  his  weakness,  his  col- 
leagues built  up  a  bogus  model  from  an  old 
inkstand,  hairpins,  and  other  trumpery.  A 
bright  silver  dcJlar  was  made  to  serve  as  a  gear- 
wheel and  a  dime  as  a  pinion.  All  this  was 
placed  on  his  desk.  Three  hours  later  a  true 
likeness  of  this  conglomeration  was  handed 
by  him  to  the  chief  draftsman,  together  with 
the  bogus  mo<lel — minus  the  $1.10. 

From  the  great  diversity  of  the  subjects 
that  a  patent  draftsman  has  necessarily  to 
deal  with,  it  will  be  apparent  that  he  must 
not  only  be  an  all-round  good  draftsman,  fully 
versed  in  projection,  perspective,  and  shading, 
but  a  good  freehand  artist  as  well.  An  eye  for 
beauty  and  conventional  forms  and  shapes  is 
very  essential,  and  a  knowledge  of  machine 
design  will  enable  him  to  surmount  many  an 
obstacle  and  *gain  him  many  favors  from 
attorneys  and  inventors  alike.  If  he  be  gifted 
with  a  certain  amount  of  inventive  genius 
himself  and  be  possessed  of  a  vivid  imagina- 
tion, he  will  be  the  more  fortunate. 

In  the  majority  of  cases  the  infonnfttion 
supplied  the  draftsman  to  work  by  is  very 
meager,  incomplete,  and  unsatisfactory,  con- 
sisting of  poor  sketches,  a  few  notes,  or  an 
oral  explanation  by  the  inventor,  either 
direct,  or,  what  makes  matters  worse,  through 
his  attorney.     Oftener  than  is  pleasant,  the 


inventor  himself  has  no  clear  conception  of 
the  details  of  his  invention  and  expects  the 
draftsman  to  supply  the  deficiency,  and  if 
the  draftsman  wishes  to  get  the  job  he  must 
submit  to  it. 

When  the  draftsman  is  furnished  with  a 
model  his  work  is  a  great  deal  easier,  and  by 
the  exercise  of  a  little  judgment,  with  respect 
to  proper  proportions  and  shapes,  as  already 
indicated,  he  will  generally  succeed  in  making 
the  drawing  look  as  if  the  machine  which 
it  represents  might  work,  even  if  the  model 
never  did. 

Oft^n,  again,  a  complete  working  machine 
is  available,  if  only  for  such  a  length  of  time 
as  will  enable  the  artist  to  make  the  necessary 
sketches.  As  time  is  money,  he  will  make 
these  sketches  as  quickly  as  he  can.  A  good 
training  in  freehand  drawing  will  help  a 
great  deal.  An  excellent  plan  is  to  procure 
a  pad  of  ** cross-section"  paper  ruled  with 
J-inch  squares,  about  the  size  of  the  avail- 
able space  on  the  patent-office  sheet,  say 
8  in.  X  10  in.  Out  of  every  sheet  of  cross- 
section  paper,  of  the  size  sold  by  the 
trade,  he  can  make  4  sheets  for  his  pad. 
Armed  with  this  pad,  half  a  dozen  sharpened 
pencils  (Faber  No.  3),  a  pair  of  compasses,  a 
foot  rule,  and  a  piece  of  rubber,  he  will  pro- 
ceed as  follows :  Measure  the  total  length, 
height,  and  width  of  the  object ;  then,  com- 
paring these  dimensions  with  the  size  of  the 
pad,  decide  on  the  scale  of  the  main  views, 
and  mark  it  down.  Lay  out  a  base  line, 
some  three  or  four  principal  dimensions,  as 
distances  from  base  line  to  center  of  main 
shaft,  etc.,  and  then  fill  in  the  rest  by  eye. 
If  he  gets  the  salient  points  of  the  machine 
down  on  his  pad  he  will  most  likely  remember 
the  details.  If  the  machine  is  complicated, 
a  5 ''''  X  8 ''''  camera  will  be  a  great  help, 
especially  if  the  machine  cannot  be  kept 
idle  for  any  length  of  time,  which  is  often 
the  case.  A  patent  drawing  is  not  seldom 
made  from  memory  alone. 


As  I  walked  by  myself. 

I  talked  to  myself, 

And  the  selfsame  self  said  to  me, 

I^ok  out  for  yourself. 

Take  care  of  yourself. 

For  nobody  cares  for  thee.— Oz/tYvi. 


THE  CYCLOMETER. 


How  THE  Mileage  Is  Rbcordbd — Why  a 

DwTASfBi  Covered  by  the  Bicvclb— Variations  o 


Seldom   Kboikterb  tub  Acti'a 
Records  ana  Their  CAvant. 


THE  tierl  Herd  had  probably  not  been  very 
long  in  use  before  it  occurred  to  some 
meclianical  genius  that  there  might  he 
a  fortune  in  store  for  him  if  he  could  get  up 
a  "  8omething-or-other"  that  would  enable 
the  modem  knight  errant  U>  ascertain,  at  any 
time,  the  diatancea  he  covered  in  conquering 
new  territory.    Whether  it  brought  its  in- 
ventor the  expected  fortune,   or   whether 
somebody  else  made  the  fortune  and  forgot 
toshareit  with  the  deserving  inventor,  we  do 
not  know.     However  this  may  be,  this  won- 
derful something-or- other  one  day  made  its 
appearance  in  the  cycling  world,  to  which 
it  was  introduced  under 
the  name  of  cyclometer. 
"Well,"  I  hear  some 
of  my  good  readers  say, 
"there  is  surely  nothing 
wonderfn  1    about    a 
cyclometer!"    But  stop 
to  think  for  a  moment, 
and    try    to    remember 
how  the    matter   pre- 
sented itself  to  you  the 


first  t 


You  surely  did  not  guess 

what  it  was  for ;   and 

when,  on  inquiring,  you 

were    enlightened  on 

that  point,  you  probably 

knew  very  little  more 

about    the    instrument  p,,, 

than  you  did  before. 

That  the  instrument  is  not  a  self-explana- 
tory contrivance  is  fully  demonstrated  by 
the  story  of  one  of  the  earlier  riders  who,  on 
hearing  of  the  cyclometer,  fent  for  one,  and, 
on  receiving  it,  fastened  it  to  the  hanille  bar 
of  his  machine,  and  then  wondered  why  it 
biled  to  work. 

The  fact  is,  a  cyclometer  is  both  an  ingen- 
ious and  interesting  little  machine;  and  a 
few  moments  spent  in  getting  more  inti- 
mately acquainted  with  it  will  probably 
not  be  misspent. 

Sappose,  then,  we  examine  an  ordinary 
watch-like  cyclometer,  as  shown  in  Fig.  1, 
with  a  view  to  acquire  a  full  knowledge  of 
ita  working  mechanism.      When  in  use,  it 


is  attached  to  the  axle  of  the  front  wheel  of 
the  bicyle  by  means  of  the  slotted  tongue  a, 
with  its  star,  or  spider  b,  turned  towards  the 
wheel.    Clamped  to  one  of  the  apokes  of  the 
wheel  is  what  may  be  called  a  wiper,  which 
is  generally  nothing  more  than  a  small  pro- 
jecting roller  by  means  of  which  motion  is 
communicated  from  the  wheel  to  the  apider, 
and  thence  to  the  rest  of  the  mechanism  in 
the  cyclometer.     Thia  wiper  is  so  adjusted 
that,  in  actuating  the  spider  by  engaging  with 
one  of  its  five  arms,  it  will  just  move  that 
arm  over  to  the  position  previously  occupied 
by  the  preceding  one,  so  that  the  spider 
and    its   shaft  will   be 
turned  just  one-fifth  of 
a    revolution    once    in 
'  each    revolution  of  the 
wheel.    The  dial  of  the 
instrument  is  provided 
with  four  holes,  marked, 
respectively,    tkoumndt, 
hundred*,  Itnn,   and 
liiiils,   through  each  of 
which  is  seen  one  of  the 
figures  that,  by  the  pecu- 
liar mechanism  of  the 
instrument,  are  madeto 
travel  past  theae  holes 
in  such  a  manner  as  at 
any  time  lo  indicate  the 
total  mileage  covered  by 
I  the  rider.    It  is  further 

provided  with  a  gradua- 
tion around  its  circumference,  on  which  a 
pointer  e  indicates  the  fractional  mileage,  to 
a  hundredth  part  of  a  mile. 

Let  us  now  take  the  instrument  apart  and 
examine  its  hidden  mechanism.  Remov- 
ing, first,  the  glass  cover  over  the  dial, 
which,  without  being  hinged,  is  otherwise 
held  in  place  in  the  same  manner  as  the 
crystal  of  a  watch,  we  then  readily  remove 
the  dial  itself,  by  taking  out  the  two 
small  screws  c, c  (Fig.  2,  A)  with  which  it 
is  secured.  This  at  once  exposes  nearly  the 
entire  inside  mechanism,  tlie  whole  thing 
now  appearing  as  at  fi  in  Fig.  2.  On  exam- 
ination, we  find  that  the  shaft  of  the  apider 
is  provided  with  a  screw  thread,  which  is 
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seen  to  interlijck  with  the  t«eth  on  the  outer 
circumference  of  a  thin  braee  riiiR,  or  worm- 
wheel  <^.    Thia  wheel  is  held  in  position  by 
resting  on  an  annular  step,  or  ledge,  in  the 
bottom  of  the  cage,  i^inet  which  it  is  held 
by  the  two  email  projections  g,g.    We  also 
find  that  the  pointer  e,  which,  when  tlie 
cyclometer  is  in  use,  moves  intermittently 
around  the  circumference  of 
the  dial  and  indicates  frac- 
tions of  a  mile,   ia  attached 
to  the  end  of  a  pin  /,  which 
is   rivet«d  into  the    wonn- 
wheel ;  and  we  now  see  that 
the  small    movement    the 
pointer  makee  every  time  the 
wheel  of  the  cycle  makee  a 
revolution   is    produced  by 
the  action  of  the  spider-sbaft 
thread,    or   worm,    on    the 
teeth  of  the  worm-wheel  d. 

We  also  readily  gee  that 
the  pin  /  18  the  means  of 
communicating  motion  from 
the  worm-wheel  to  tbe  rest 
of  the  mechanism,  which, 
in  the  main,  consists  of  four 
doubU-dfcked,  round  pieces 
h,  i,  k,  and  I,  each  of  which 
is  mounted  on,  and  capable 
of  rotating  on,  a  stud  riveted 
to  the  bottom  of  the  case, 
and  has  all  the  ten  flguree 
printed  upon  its  upper  card- 
board deck.  It  is  evidently 
these  various  figures  that 
appear  at  tbe  proper  moment 
through  the  four  holes  in 
the  dial,  and  thereby  indi- 
cate, OT  count  off,  the  mile- 
age, for  which  reason  we  will 
hereafter  refer  to  those  four 
double-decked,  figure-carry- 
ing pieces  BB  the  cmtnterg. 
We  further  see  that  the 
lower  deck  of  the  units' 
counter  A  is  of  a  different 
form,  or  outline,  from  those 
of  the  other  three,  which  are 
alike ;  and  also  that,  while 
the  upper  decks  of  all  four  ^'^ 

counters  are  on  the  same  level,  the  lower 
decks  are  on  different  levels,  as  plainly  shown 
in  Fig.  3,  where,  for  convenience  in  illus- 
trating, the   four  counters  are  arranged  in 

Supposing,  now,  we  remove  the  upper 
decks  in  B,  Fig.  2,  so  as  to  expose  the 
lower  ones,  as  in  C,  Fig.  2.    Wethen  see  that 


the  lower  deck  of  the  units'  counter  has  ten 
equal,  shallow  scallops,  or  notches,  cut  into 
its  circumference,    which    leave  as    many 
points,  or  teeth,  between  them ;  and,  like- 
wise, that  each  of  the  lower  decks  of  the 
three  remaining  counters  has,  similarly,  ten 
equal  notches    In   its   circumference.     The 
lower  decks  of  the  counters  thus  become 
little   lO-tooth   gear-wheels, 
or    pinions,  and  we  will 
accordingly    hereafter   refer 
to  them  as  such. 

The  pinion  of  the  units' 
counter  is  evidently  actuated 
by  the  lower  round  part  ol 
the  pointer  pin  /,  as  this  is 
being  advanced  one  tooth  in 
every  complete  revolution  of 
the  worm-wheel  d.  This  pin 
/,  then,  acts  as  a  wiper  on 
the  pinion,  just  as  the  wiper 
on  the  wheel  of  the  cycle 
actuates  the  spider.  On  fur- 
ther inspection,  we  also  find 
that  this  counter  has  a  little 
arm  m  on  the  upper  side  of 
its  pinion.  This  arm  is  on 
the  same  level  as  the  lower 
deck  of  the  tens'  counter, 
and  is  also  a  wiper,  by  means 
of  which  the  units'  counter 
advances  the  tens'  counter 
one  tooth  once  in  every  rev- 
olution of  itself.  Again,  we 
see  that  one  tooth  on  the  pin- 
ion of  the  tens'  counter  bias  a 
little  pin  n  driven  into  it. 
This,  too,  is  a  wiper,  by 
means  of  which  the  tens' 
counter  imparts  motion  to 
the  hundreds'  counter. 

Finally,  we  find  that  one 
tooth  on  the  pinion  of  the 
hundreds'  counter  is  pro- 
vided with  a  similar  wiper  o, 
by  means  of  which  it  ad- 
vances the  thousands'  coun- 
ter one  tooth  in  every  revo- 
lution of  itself. 
The  httle  notches  on  the 
^-  under  side  of  the  hubs  of 

the  counters  (plainly  seen  in  Fig.  3),  which 
engage  with  the  tooth-like  projections  on 
the  upper  surface  of  the  two  flat  springs 
in  the  bottom  of  the  case  (see  Fig.  4),  are 
evidently  for  the  purpose  of  giving  precii<ion 
to  the  position  and  movement  of  the  mech- 
anism, which  would  otherwise  be  entirely 
loose  and  indefinite.    The  spring  around  tbe 
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spider  shaft  (see  Fig.  2,  C)  serves  a  similar 
purpose  by  preventing  end  play  of  the  same. 
As  each  counter  has  ten  teieth  on  its  pinion, 
and  also  ten  figures  on  its  upper  declc,  it 
follows  that,  every  time  it  is  moved  one 
tooth  by  its  actuating  wiper,  it  will  present 
to  view  its  next  higher  figure.  Again,  it  is 
obvious  that,  every  time  a  counter  indicates 

no.  3. 

9,  its  wiper  is  in  position  to  actuate  the 
next  counter ;  so  that,  on  advancing  to  indi- 
cate 0,  it  will,  at  the  same  moment,  advance 
the  nest  count«r  one  tooth.  We  can  now 
readily  understand  bow  our  cyclometer 
reached  its  present  reading  of  2,389  miles. 

As  the  bicycle  proceeded  and  the  wiper  on 
iU  front  wheel  actuated  the  spitler  of  the 
cyclometer,  the  worm  on  the  spider  shaft 
turned  the  worm-wheel  d,  and  with  it  the 
pointer  pin/ and  the  pointers,  which  latter 
indicated,  at  any  moment,  the  fractions  of  a 
mile  covered  by  the  bicycle.  Now,  as  on  the 
completion  of  every  tiill  mile,  the  pointer 
passed  the  0  mark,  its  pin  caused  the  units' 
counter  to  advance  one  tooth,  and  thus 
indicated  an  additional  mile.  Every  ten 
miles  covered  hy  the  bicycle  the  wiper  on 
the  units'  counter  advanced  the  tens'  counter 
one  tooth,  and  thus  made  it  indicate  an  addi- 
tional ten  miles.  Similarly,  every  hundred 
miles  the  tens'  counter  had  made  one  com- 
plete revolution,  and  then  its  wiper  advanced 
the  hnndreds'  counter  one  tootli,  and  thns 
made  it  indicate  the  additional  hundred  miles 
traveled.  In  a  similar  manner  the  hundreds' 
counter  actuates  the  thousands'  counter  at 
the  end  of  every  thousand  miles  covered. 

Having  thus  become  Ailly  acquainted 
with  the  working  mechanism  of  the  cyclom- 
eter, it  remuns  to  satisfy  ourselves  of  the 
reliability  of  the  instrument  To  this  end 
we  first  count  the  number  of  teeth  in  the 
worm-wheel  d,  and  find  the  same  to  be  144. 
From  this  it  follows  that  the  spider  shaft 
must  make  144  complete  revolutions  to  cause 
the  pointer  «  to  travel  once  around  the  dial, 
and  thereby  indicate  one  mile.  But,  as  the 
spider  has  five  arms,  the  wheel  of  the  bicycle 
must  make  five  complete  revolutions  for  each 
revolution  of  the  spider,  and,  hence,  5  X  144 
=  720  revolutions  for  each  mile  recorded. 
If  the  instrument  is  correct,  the  bicycle  must 
then  cover  exactly  one  mile  for  every  720 
revolutions  of  its  front  wheel ;  or,  in  other 
words,  the  circumference  of  this  wheel  mul- 


tiplied hy  720  must  equal  1  mile,  or  5,280 
feet.  Dividing,  therefore,  5,280  feet  by  720, 
we  must  get  the  circumference  of  the  wheel 
expressed  in  feet ;  that  is,  the  circumference 

,_    6,280  feet       „,  ,    .       ,,  ,,  ,,. 
must  be  ^,^^       -^  7j  feet  =  7i  X  12  = 

88  inches.  Dividing  this  figure  by  theratioof 
the  circumference  of  a  circle  to  its  diameter, 
which  is  3.1416,  we  then  get  the  diameter  of 

the  wheel,  which  will  be  -^3\7ir*  =  ^■'*" 
inches.  This,  then,  is  what  the  diameter  of 
the  wheel  of  the  bicycle  must  be  in  order 
that  this  cyclometer  shall  correctly  register 
the  distances  covered.  Now,  as  mannractur- 
ers  lum  at  making  tbe  standard  bicycle  tire 
exactly  28  inches  in  diameter  when  fully 
inflated,  we  see  that  this  particular  cyclom- 
eter itaelf  introduces  a  slight  error  of 
reading.  The  effettive  diameter  of  the  wheel, 
however,  will  not  be  even  28  inches,  but 
will  depend  upon  both  the  degree  of  infla- 
tion of  the  tire  and  the  weight  of  the  rider 
(which  latter  will  cause  a  greater  or  lesser 
flat  on  the  part  of  the  tire  in  contact  with 
the  ground),  and  will  thus  fall  considerably 
below  28  inches.  The  efiective  diaraetra" 
is,  therefore,  probably  never  more  than 
27.5  inches,  in  which  case  the  error  of 
the  cyclometer  reading  will  be  equivalent 
to  recording  28,011  miles  instead  of  27,500 

miles,  which  is  a^n  equivalent  to  -7,'-^ 
=  101.86,  instead  of  100  miles;  this  can  be 
expressed  as  an  error  of  a  little  less  tfaan 


2  per  cent.  When  the  effective  diameter  is 
as  small  as  27  inches,  the  error  will,  there- 
fore, amount  to  about  3i  per  cent.  "  This  is 
probably  a  figure  never  reached  by  a  rider 
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who  paya  proper  attention  to  the  inflation  error    by  riding   uver  a  correctly  measured 

of  his  tires.  piece    of    road    and    comparing    ite    true 

As  the  accuracy  of  the  cyclometer  reading  mileage  with  that  registered  by  hia  cyclom- 

thtis  depends  not  only  upon  the  cyclometer  eter.     He  ie  then  at  any  time  able  to  make 

itself,  but  also   upon  the   diameter  of  the  the    proper  allowance  for    the  necessarily 

front  whf'el  of  the  bicycle,  (he  careful  rider  eomewbat  erroneous  reading  of  his  instru- 

ahvays  determines    his    individual  average  ment. 


THE  HYDRAULIC  JACK. 


How  One  Max  la  V.s. 


o  Lift  an  Enurmoih  I»ai>— The  Hyi 
AscEHTAis  Its  Lim.NO  Poweb. 


ONE  of  the  most  useful  and  itowerful 
devices  by  means  of  which  a  man  is 
'  enabled  to  exert  bis  strength  eo  aa  to 

lift  a  lieavy  load  is  tbe 
hydraulic  jack.  This  machine 
combines  great  force  with 
simplicity,  security,  and  effi- 
ciency to  an  extent  that  in 
almost  impossible  with  any 
other  arrangement  that  has 
ever  been  invented. 

Fig.  1  shows  tbe  construc- 
tion of  a  common  type  of 
hydraulic  jack  that  is  suit- 
able for  any  placu  where 
heavy  weights  are  to  be 
lifted.  It  consists  of  a  hol- 
low base  a  that  is  bored  so 
as  to  form  acylinderin  which 
works  the  ram  /.  A  cup- 
ahiiped  leather  m,  held  in 
place  by  the  nut  n,  provides 
a  packing  that  effectually 
prevents  any  water  from 
leaking  out  of  the  cylinder 
past  the  ram.  The  ram  is 
hollow,  and  carriei>  a  hollow 
casting  j4,  which  provides  a 
closed  chamber  at  its  upper 
end.  A  small  force  pump  is 
fitted  into  the  upper  end  of 
the  hollow  ram,  with  its 
plunger  h  extending  up  into 
the  chamber,  where  it  is 
Attached  to  a  lever  71.  The 
lever  p  is  securely  (a8tene<l 
to  a  short  shaft  d,  which 
works  ill  the  bearings  c  and  b.  The  end  of 
the  abaft  d  is  square,  so  that  a  long  lever 
for  working  the  pump  can  be  easily  slipped 
on  when  required. 


Now,  suppose  that  thu  ram  isatthe  bottom 
of  tlie  cylinder  and  that  the  space  in  the 
cylinder  around  the  ram,  togetlier  with  the 
hollow  space  in  tbe  ram  and 
tbe  chamber  above  it,  are 
completely  QUed  with  wat«r; 
by  swinging  the  lever 
attached  to  d,  tbe  plunger  k 
ia  lifted  and  water  flows  in 
through  the  opening  *  and 
tbe  valve  i  so  as  to  keep  the 
space  in  the  pump  cylinder 
g  filled ;  then,  by  pushing 
the  lever  in  the  opposite 
direction,  k  is  forced  down 
into  its  c  y  I  i  n  d  e  r.  As  A 
ilescends,  the  valve  i  closes 
and  prevents  the  return  of 
the  water  into  the  chamber, 
but  the  valve  k  opens  so  as 
to  allow  the  water  to  be 
forced  down  through  the 
hollow  ram  into  the  cylin- 
der a.  This  cylinder  being 
fhll,  the  entering  waterforces 
the  mm  upwards  and  with  it 
any  weight  that  may  be  on 
either  the  top  or  the  claw  c. 
By  repeating  the  motions  of 
the  lever,  tbe  water  in  the  . 
chamber  is  gradually  forced 
down  into  thecyUnder,  while 
the  ram  with  its  load  is 
raised.  To  lower  the  ram, 
the  key  I  is  turned  so  as  to 
allow  the  water  to  flow  back 
into  theupperchamber.  The 
upper  chamber  is  filled  through  tbe  open- 
ing cloaed  by  tbe  plug  0.  In  order  to  guard 
against  forcing  the  ram  clear  out  of  its  cylin- 
der, a  small  hole  is   provided  at  /   which 
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allowB  the  water  to  escape  as  soon  as  the 
lower  end  of  the  ram  reaches  that  point. 

In  order  to  understand  clearly  the  action 
of  the  hydrauUc  jack  it  wUl  only  be  neces- 
sary to  refer  to  a  well  known  principle  of  the 
action  of  water  under  pressure,  which  may 
be  illustrated  by  the  following  simple  experi- 

Take  a  large  cylinder  a,  Fig.  2,  and  &t  a 
piston  b  so  as  to  work  easily  in  it.    Connect 
a  smaller  cylinder  c  to  the  first,  as  shown, 
fitting  a  piston  d  to  this  cylinder  also.    Fill 
the  cylinders  and  connecting  pipe  with  water 
until  the  pistons 
stand    at  the   same 
level  and  some  dis- 
tance Avm  the  bot- 
toms ofthecylinders. 
If  one  piston  tends  to 
lise  while  the  other 
sinks,   load  it  until 
they  both  stay  at  the 
same  level. 

Suppose  the  area 
of  the  under  side  of 
the  piston  6  lobe  100 
square  inches,  while 
the  area  of  the  under 
side  of  d  is  only  -^ 
as  much,  or  10  square 
inches.  Now  put  s 
weight  of  one  pound 

on  the  piston  d ;  it  is  ^"^ 

seen  that  the  pressure  produced  in  the  water 
In  c  by  this  we^ht  is  transmitted  through 
the  pipe  connecting  the  two  cylinders  and 
acts  to  lift  the  piston  b  ;  we  also  dnd  that  in 
order  to  make  the  pistons  balance  again  we 
must  put  10  pounds  on  the  piston  b.  We 
can  go  on  adding  weights  to  d  and  we  will 
find  that  for  each  pound  added,  10  pounds 
most  be  added  to  b  to  make  the  pistons  bal- 
ance. If  we  make  the  area  of  the  under 
side  of  d  only  1  inch  instead  of  10  inches,  we 
will  find  that  for  each  pound  put  on  d  it  will 
be  necessary  to  add  100  pounds  to  the  weight 
on  6 ;  and,  for  any  ratio  between  the  areas  of 


the  two  pietonB,  it  will  be  found  that  the 
ratio  of  the  we^hta  that  must  be  added  is 
the  same  as  the  ratio  between  the  areas  of 
the  pistons. 

Another  point  of  interest  will  be  shown  by 
this  apparatus ;  that  is,  that  it  makes  abso- 
lutely no  difierence  in  the  amount  of  weight 
that  must  be  added  to  6  in  order  to  balance 
a  given  weight  on  d,  whether  the  under  aide 
of  6  is  a  smooth  flat  surface,  or  whether  it 
is  hollowed  out  in  any  shape,  for  example, 
as  shown  by  the  dotted  line  use. 
By  comparing  the  hydraulic  jack  with  the 
results  of  the  experi- 
ment, we  see  that  it 
consists  of  two  seta 
of  cylinders  and  pis- 
tons connected  by  a 
tube  and  arranged  in 
a  form  that  is  con- 
venient for  use  as  a 
machine   for   lifting 
weights.  The  weight 
to  be  lifted  rests  on 
the  large  piston, 
while   the    pressure 
on  the  small  piston 
is  produced  by  the 
pressure  on  the  lever 
fastened    to   d.    By 
the    action   of    this 
lever  a  man  is  able 
to  push  down  on  h 
with  a  pressure  several  times  as  great  as 
the  pressure  ,he   puts  on  the  end  of  the 
lever,  and  the  resulting  upward    pressure 
on  the  ram  is  as  many  times  grea,i«r  than  the 
downward  pressure  of  h,  as  the  area  of  the 
under  side  of  the  ram,  considered  as  a  flat 
surface,  is  greater  than  the  area  of  the  under 
side  of  k.    It  is  thus  seen  that  the  lifting 
power  of  the  jack  may  be  made  almost  as 
great  as  we  please  by  making  the  ratio  of 
the  size  of  the  ram  to  that  of  the  plunger 
great  enough.     This   ratio    is  made  great 
enough  in  some  jacks  so  that  one  man  can 
lift  a  load  of  more  than  100,000  pounds. 


ALGEBRA. 


George  McC.  Rob^on,  M.  A. 


Signs — Eqi*  atioxs — ^Tra  xsform  ath  )ns — E\  a  mples. 


IT  IS  well  known  that  algebra  enables  us 
to  solve  a  large  number  of  problems 
which  are  difficult  or  impossible  of  solu- 
tion by  arithmetic  ;  but  it  is  not  so  generally 
known  that  algebra  is  a  great  deal  easier 
and  simpler  than  arithmetic.  Before  apply- 
ing algebra  to  the  solution  of  problems,  we 
must  become  familiar  with  a  few  definitions 
and  rules ;  these  are  very  simple,  and  most 
of  them  are  used  in  arithmetic  as  well  as  in 
algebra. 

The  sign  of  addition  is  -h  ;  it  is  read  p/tw, 
and  means  that  the  numbers  between  which 
it  stands  are  to  be  added  together.  The 
sign  of  subtraction  is  —  ;  it  is  read  minus, 
and  means  that  the  number  before  which 


it  is  placed  is  to  be  subtracted.  The  sign  of 
equality  is  =  ;  it  is  read  w  equal  to.  A  state- 
ment of  equality  between  two  quantities  is 
called  an  equatmi ;  thus,  5  -h  6  =  11,  apd 
12  —  4  :=  8  are  equation?.  The  ordinary 
balance  will  help  us  to  understand  how  we 
are  to  treat  equations.  If  we  put  7  pounds 
and  3  pounds  into  one  pan  of  a  balance, 
and  10  pounds  into  the  other  pan,  the  beam 
will  stand  horizontal  ;  this  corresponds  to 
the  equation 

7  +  3  =  10. 

Adding  2  pounds  to  each  pan,  we  get  the 
etjuation 

7  -f-  3  -f  2  -=  10  4-  2. 

Removing  4  pounds  from  each  pan,  we 
get  the  equation 

7-f3-h2-4r=10  \   2  —  4. 


If  we  make  the  weight  in  one  pan  twice, 
thrice,  or  four  times  as  great,  we  must  also 
make  the  weight  in  the  other  pan  twice, 
thrice,  or  four  times  as  great.  Or,  if  we 
reduce  the  weight  in  one  pan  to  one-half, 
one-third,  or  one-fourth,  we  must  also  reduce 
the  weight  in  the  other  pan  in  the  same 
proportion. 

Hence,  we  have  the  following  important 
principles,  which  apply  to  any  equation  : 

I.  The  same  quantity  may  be  added  to  both 
sides. 

II.  The  same  quantity  may  be  subtracted 
from  both  sides. 

III.  Both  sides  may  be  muUiplied  or  divided 
by  the  same  number. 

Performing  any  of  these  operations  upon 
an  equation  is  called  transforming  the  equa- 
tion. The  reader  must  satisfy  himself  that 
none  of  these  transformations  destroys  the 
equality  of  the  two  sides. 

St.  Andrew's  cross  X  is  used  for  the  sign 

of  multiplication  ;  thus,  3  X  4  =  12.    The 

sign  of  division  is  ^-  ;  thus,  12  -j-  3  =  4. 

But   division    is    frequently    indicated   by 

writing  the  dividend  over  the  divisor  with  a 

12 
horizontal  line  between  them  ;  thus,  «  =  4. 

•5 

In  algebra,  letters,  as  well  as  figures,  are 
used  to  represent  numbers ;  thus,  x  may 
represent  a  man's  daily  wages;  and  then 
2  X  ^  will  represent  the  daily  wages  of  two 
men.  If  n  represents  a  number  of  men, 
n  X  -t^  will  represent  the  daily  wages  of  n 
men.  The  sign  of  multiplication  is  usually 
omitted  for  the  sake  of  brevity ;  thus, 
n  X  J^  is  written  njr,  2  X  ^  is  written  2x, 
aX  b  X  CIS  written  abc.  The  sign  of  multi- 
plication, however,  must  not  be  omitted 
between  figures  ;  thus,  4X5  must  not  be 
written  45,  because  45  means  40  -f  5  instead 
of  4  X  5.  When  a  number  consists  of  the 
product  of  two  factors,  each  of  the  factors 
is  called  the  coefficient  of  the  other.  Thus, 
if  we  regard  6ab  as  the  product  of  6  and  ab, 
6  is  the  coefficient  of  a6,  and  ab  is  the 
coefficient  of  6  ;  but,  if  we  regard  6ab  as  the 
product  of  6a  and  6,  then  6a  is  the  coef- 
ficient of  6,  and  b  is  the  coefficient  of  (^n. 
In  other  words,  coefficient  means  cofador. 
When  one  of  the  factors  is  an  arithmetical 
number,  it  is  called  the  numerical  coefficient. 
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In  the  expression  4^-,  4  is  the  coefficient  of 
jc  and  tells  how  manv  times  x  is  to  be 
taken  ;  thus,  4x  =  x-{-x-{-x-{-x.  When 
no  numerical  coefficient  is  written,  it  is 
understood  that  the  coefficient  is  1 ;  thus, 

jr  =  1  X  ^• 

We  shall  now  apply  these  principles  to 
the  solution  of  a  few  very  simple  problems. 

Example  1. — A  60-foot  pole  is  divided  into 
two  parts,  so  that  one  part  is  five  times  as 
long  as  the  other ;  find  the  lengths  of  the 
parts. 

Solution. — Let  x  represent  the  length  of 
the  shorter  part. 

Then,      Longer  part  =  ox ; 
Shorterpart=  x\ 

Sum  of  parts  =  6a:  ^  60. 

Dividing  both  sides  by  6  (Principle  III), 
we  get  X  =  10. 

Therefore,         6x  =  50. 

Hence,  the  parts  are  10  ft.  and  50  ft. 

£bcAMPLB2. — ^Find  a  number  such  that  when 
17  is  added  to  its  double  the  sum  will  be  49. 

SoLL^iox. — Let  X  represent  the  required 


number ;  then  2x  represents  the  double  of 
the  number. 

Hence,  2x  H-  17  =  49. 

Subtracting  17  from  both  sides  ( Principle 
II),  2ar  =  49— 17; 

or,  2x  =  32. 

Dividing  both  sides  by  2  (Principle  III), 
X  =  16. 

Example  3. — ^The  sum  of  two  numbers  is 
410,  and  their  difierence  is  124 ;  find  the 
nimibers. 

SoLLTioN. — Let  X  represent  the  smaller 
number.  Then  x  -\-  124  will  represent  the 
greater.    Thus  we  have 

Greater  =  x  -\-  124; 
Smaller  =  x 

Therefore,     Sum  =2x  f  124  =  410. 

Subtracting  124  from  both  sides  (Principle 
II),  2ar  =  410  — 124; 

or,  2x  =  286. 

Dividing  by  2  (Principle  III), 

X  =  143. 

Hence,  a:  -f  124  =  143  -f-  124  =  267. 

Therefore,  the  numbers  are  143  and  267. 
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THE  following  story  is  told  of  Horace 
Greeley,  founder  of  the  "New  York 
Tribune'*:  There  was  upon  his  staff  a 
young  man  who  had  been  engaged  to  write 
articles  upon  certain  topics  of  the  day. 
One  morning  Greeley  confronted  him  with 
the  printer's  proof  of  his  latest  effort,  and 
after  reading  it  aloud — it  was  an  exceedingly 
florid  bit  of  writing — asked  him  bluntly 
what  it  all  meant.  The  young  man  .was 
rather  surprised  at  the  question,  for  he  had 
looked  upon  this  effusion  with  considerable 
pride ;  however,  he  explained,  and  very 
clearly,  too.  "Well,"  said  Greeley,  "  why 
didn't  you  say  that?  Go  and  write  the 
article  again,  and  this  time  say  what  you 
mean." 

Greeley  realized  that,  if  a  newspaper 
article  is  to  make  any  lasting  impression 
upon  the  mind  of  the  reader,  it  must  be 
something  more  than  a  mere  perambulation 
of  well  sounding  words. 

We  all  know  that,  of  two  men  who  under- 
stand the  same  subject  equally  well,  one  may 
impress  us  as  knowing  much  more  about  it 
than  the  other.  We  go  to  one,  and  he  tells 
us  in  an  unhesitating  manner  all  that  we 


wished  to  know,  and  we  leave  him  feeling 
that  we  are  in  possession  of  valuable  and 
interesting  information.  We  go  to  the  other 
and  he  starts  out  by  saying  that  the  subject 
is  a  very  big  one ;  then  he  attempts  to  tell  us 
all  he  knows  about  it,  "beginning  at  the 
very  beginning";  takes  up  a  great  deal  of 
time,  and  says  many  clever  things,  but  sends 
us  away  bewildered,  and  ready  to  say, '  *  Well, 
he  may  know  all  about  it,  but  I  don't  think 
he  does." 

It  is  one  thing  to  understand  a  subject 
yourself;  quite  another  to  make  it  plain 
to  someone  else.  We  at  once  recognize  dis- 
tinctness when  it  is  present.  To  define  it, 
however,  is  not  so  easy.  A  sentence  may  be 
very  long,  yet  very  distinct ;  on  the  other 
hand,  it  may  be  very  short,  yet  so  full  of 
ambiguities  as  to  mean  nothing  in  particular. 
Brevity,  then,  is  not  necessarily  an  indication 
of  distinctness. 

Many  very  learned  writers  weaken  what 
they  say  by  trying  to  show  that  they  know 
all  about  it,  that  they  are  not  to  be  caught 
"napping."  They  use  so  many  "  how- 
beits,"  "  notwithstandings,"  and  "that-is- 
to-says,"  and  make   such  frequent  use  of 


20 


DISTINCTNESS. 


expressions  like  **  this  must  not  be  taken  too 
literally,'*  "  of  course  there  are  many  excep- 
tions/' and,  "that  is,  generally  spctfiking," 
that,  by  the  time  the  reader  gets  through, 
he  is  rather  inclined  to  think  that  the  author 
himself  is  in  doubt  about  the  whole  business. 

Such  writers  are  not  sufficiently  robust  to 
do  much  good  to  anybody  ;  they  lack  courage 
— are  too  anxious  not  to  say  anything  that 
is  not  absolutely  true.  Huxley  hit  them  off 
to  perfection  when  he  said,  "They  make 
distinctions  that  destroy  distinctness,  until 
one  thing  means  another  and  everjrthiug 
means  nothing."  The  fact  is,  a  simple, 
downright  statement,  though  true  only  in 
part,  is  better  than  a  complicated  attempt  to 
be  exact.  Just  as  in  music  a  startling  discord 
will  greatly  enhance  the  beauty  of  a  succeed- 
ing harmony,  so,  in  writing,  an  exaggeration 
of  the  exact  truth  will  help  the  mind  to 
appreciate  what  it  is  really  the  intention  of 
the  author  to  impress. 

Lack  of  distinctness  often  indicates  igno- 
rance. If  you  don't  understand  a  subject 
thoroughly  yourself,  you  can  hardly  expect 
to  explain  it  lucidly  to  others.  You  may 
make  a  very  fair  bluff,  you  may  even  suc- 
ceed in  hiding  your  ignorance  for  a  time, 
but  in  the  end  your  indistinctness  will  give 
you  away.  Lecturers,  preachers,  and  pub- 
lic speakers  in  general  are  rather  apt  to 
forget  this,  and  to  attempt  to  create  an  impres- 
sion by  a  multitude  of  words.  Those  who 
are  familiar  with  Sir  Walter  Scott's  "Guy 
Mannering"  will  remember  the  ludicrous 
attempts  of  Sir  Robert  Hazlewood,  the  pom- 
pous Scotch  magistrate,  to  be  impressive. 
Here  is  a  passage  from  a  conversation 
between  him  and  the  villain  Gilbert  Glossin  : 

"Yet  even  now  I  venture  to  conjecture 
that  I  shall  adopt  the  solution  or  explana- 
tion of  this  riddle,  enigma,  or  mystery,  which 
you  have  in  some  d^ree  thus  started.  Yes ! 
revenge  it  must  be — and,  good  Heaven ! 
entertained  by  and  against  whom?— enter- 
tained, fostered,  cherished,  against  young 
Hazlewood,  of  Hazlewood,  and  in  part  car- 
ried into  effect,  executed,  and  implemented, 
by  the  hand  of  Vanbeest  Brown  ! " 

And  again,  during  the  trial  of  Brown  : 

"And  so,  sir,  you,  sir,  admit,  sir,  that  it 
was  your  purpose,  sir,  and  your  intention, 
sir,  and  the  real  jet  and  object  of  your  assault, 
sir,  to  disarm  young  Hazlewood,  of  Hazle- 
wood, of  his  gun,  sir,  or  his  fowling-piece,  or 
his  fuzee,  or  whatever  you  please  to  call  it, 
sir,  upon  the  king's  highway,  sir?" 

Dickens,  in  his  "Pickwick  Papers,"  depicts 
a  somewhat  similar  character  in  George  Nup- 


kins.  Esquire,  chief  magistrate  of  Ipswich. 
Sam  Weller's  opinion  of  this  gentleman's 
oratorical  powers  is  humorously  expressed 
in  a  conversation  with  Mr.  Muzzle,  the 
magistrate's  footman : 

" '  Ah,'  said  Sam,  'what  a  pleasant  chap 
he  is  I' 

"  *  Aint  he? '  replied  Mr.  Muzzle. 

"  *  So  much  humor,'  said  Sam. 

"  *  And  such  a  man  to  speak,'  said  Mr. 
Muzzle.  *  How  his  ideas  do  flow,  don't 
they  ? ' 

"  *  Wonderful,'  replied  Sam  ;  'they  comes 
a  pouring  out,  knocking  each  other's  heads 
so  fast,  that  they  seems  to  stun  one  another ; 
you  hardly  know  what  he's  arter,  do  you  ? ' 

"  'That's  the  great  merit  of  his  style  of 
speaking,'  rejoined  Mr.  Muzzle." 

Again,  in  "Bleak  House,"  we  find  an 
excellent  exponent  of  wordy  ignorance  in 
Mr.  Chadband,  whose  particular  weakness 
was  "  holding  forth"  with  cowlike  lightness 
after  eating  at  some  one  else's  expense.  A 
few  extracts  from  one  of  his  full-stomach 
addresses  will  suffice : 

"  My  friends,  we  have  partaken  in  modera- 
tion" (which  was  certainly  not  the  case  so 
far  as  he  was  concerned)  "of  the  comforts 
which  have  been  provided  for  us.  May  this 
house  live  upon  the  fatness  of  the  land  ;  may 
com  and  wine  be  plentiful  therein  ;  may  it 
grow,  may  it  thrive,  may  it  prosper,  may 
it  advance,  may  it  proceed,  may  it  press  for- 
ward !  But,  my  friends,  have  we  partaken 
of  anything  else  ?  We  have.  My  friends,  of 
what  else  have  we  partaken?  Of  spiritual 
profit  ?  Yes.  From  whence  have  we  derived 
that  spiritual  profit?  My  young  friend, 
stand  forth.  My  young  friend,  you  are  to 
us  a  pearl,  you  are  to  us  a  diamond,  you  are 
to  us  a  gem,  you  are  to  us  a  jewel.  And 
why,  my  young  friend?"  (The  boy  he  is 
apostrophizing  says,  "  I  don't  know.  I  don't 
know  nothink.")  "My  young  friend,  it  is 
because  you  know  nothing  that  you  are  to 
us  a  gem  and  jewel.  For  what  are  you,  my  . 
young  friend  ?  Are  you  a  beast  of  the  field  ? 
No.  A  bird  of  the  air?  No.  A  fish  of  the 
sea  or  river  ?  No.  You  are  a  human  boy, 
my  young  friend,  a  human  boy.  0  glorious 
to  be  a  human  boy  !  And  why  glorious,  my 
young  friend  ?  Because  you  are  capable  of 
receiving  the  lessons  of  wisdom,  because  you 
are  capable  of  profiting  by  this  discourse 
which  I  now  deliver  for  your  good,  because 
you  are  not  a  stick,  or  a  staff,  or  a  stock,  or 
a  stone,  or  a  post,  or  a  pillar. 

O  running  stream  of  sparkling  joy, 
To  be  a  soaring  human  boy ! 
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**  And  do  you  cool  yourself  in  that  stream 
now,  my  young  friend  ?  No.  Why  do  you 
not  cool  yourself  in  that  stream  now  ?  Be- 
cause you  are  in  a  state  of  darkness,  because 
you  are  in  a  state  of  obscurity,  because  you 
are  in  a  state  of  sinfulness,  because  you  are 
in  a  state  of  bondage.  My  young  friend, 
what  is  bondage?  Let  us,  in  a  spirit  of 
love,  inquire." 

But  it  is  not  to  writers  and  public  speakers 
alone  that  distinctness  is  of  importance.  It 
is  a  matter  of  personal  importance  to  every 
ambitious  man,  for,  if  you  do  not  think  dis- 
tinctly, your  knowledge  will  be  more  or  less 
shadowy  and  undefined.  However  limited 
in  extent  your  knowledge  may  be,  if  it  is 
distinct  and  thorough  so  far  as  it  goes,  it 
will  be  useful.  Bear  in  mind  that  you  can 
never  know  cUl  about  any  subject,  but  do  not 
ever  doubt  the  truth  of  what  you  have  once 
mastered,  simply  because  you  don't  know 


all  the  r^t  of  it.  Remember  that,  though  a 
knowledge  of  the  multiplication  table  does 
not  make  you  a  '^  mathematician,"  it  has  a 
distinct  and  great  value  in  itself,  if  it  is  exact. 
It  is  so  with  the  rudiments  of  every  science  ; 
indeed,  the  importance  of  a  distinct  knowl- 
edge of  fundamental  principles  cannot  be 
overestimated,  and  it  is  almost  impossible  to 
give  up  too  much  time  to  the  study  of  them. 
There  are  many  ways  in  which  distinctness 
may  be  cultivated.  Talking,  writing,  and 
drawing  are  three  of  the  best.  Encourage 
discussions  with  those  of  your  friends  who 
are  interested  in  the  subjects  you  are  study- 
ing. Write  your  knowledge  down ;  or,  if 
you  wish  to  understand  a  machine,  or  device, 
or  anything  that  can  be  illustrated,  make 
freehand  sketches  of  it  and  of  all  its  parts. 
There  are  no  better  ways  than  these  of 
finding  out  what  you  really  know,  or  of 
cultivating  the  habit  of  distinctness. 
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Belief  in  the  Supernatural — ^The  Phantom  Ship,  the  Mermaid,  and  the  Sea  Serpent. 

Equatorial  Ceremonies — Sailor  Songs. 


THE  deep-sea  sailor,  or  Jack  Tar  as  he  is 
familiarly  called,  has,  in  common  with 
the  great  majority  of  mankind,  many 
little  weaknesses.  His  good-natured  love  of 
sociability  is  too  well  known  to  need  more 
than  passing  mention,  and  is  such  an  amiable 
weakness  that  we  are  ever  ready  to  forgive 
the  little  excesses  to  which  it  occasionally 
leads  him.  To  be  sure,  he  is  poorer  in  pocket 
and  sometimes  considerably  the  worse  in 
health  after  a  protracted  indulgence,  but  he 
is  nothing  like  as  bad  as  he  used  to  be,  and 
goes  on  improving. 

The  peculiar  and  interesting  weakness  that 
we  wish  to  dwell  upon  here  is  Jack  Taa^s 
superstition.  Many  a  stalwart  sailor  has 
had  his  bravery  turned  to  cowardice  by  his 
belief  in  the  supernatural.  Of  course,  as  the 
years  roll  on,  and  steam  power  is  used  instead 
of  sails  and  wind,  the  sailor  is  influenced 
less  and  less  by  this  inherited  weakness,  but 
there  are  still  many  old  salts  who  are  firm 
believers  in  the  mermaid,  the  sea  serpent, 
and  the  phantom  ship.  Among  these 
creations  of  the  mind,  that  of  the  phantom 
ship,  or  Flying  Dutchman,  is  perhaps  the 
best  known,  for  it  still  affords  the  poet  a 


theme  for  verse,  and  the  author  for  romance, 
the  reading  of  which  has  been  the  cause  of 
many  a  schoolboy*s  staying  at  home  in  the 
evening,  instead  of  indulging  in  his  usual 
after-dark  skylarking. 

This  phantom  ship  is  said  to  be  a  double- 
decker,  always  seen  to  the  windward  with 
every  bit  of  canvas  set,  veering  and  hauling, 
not  in  the  water  like  any  ordinary  ship,  but 
up  among  the  clouds.  Sometimes  it  touches 
the  horizon ;  at  other  times  it  steers  con- 
stantly towards  the  beholder,  with  the  appar- 
ent intention  of  crossing  the  bow  of  his 
ship.  The  sight  of  this  storm-tossed  phan- 
tom ship  is  an  omen  of  ill  fortune  to  the 
luckless  beholders,  and  doomed  is  the  crew 
of  the  vessel  whose  bow  is  crossed  by  the  Fly- 
ing Dutchman.  They  never  live  to  tell 
the  tale.  When  a  vessel  and  crew  disappear 
and  no  trace  of  either  is  ever  found,  the  com- 
mon saying  among  sailors  is  that  **The 
Flying  Dutchman  crossed  her  bow.'*  The 
captain  of  this  phantom  ship  is  said,  in  a 
fit  of  rage,  to  have  cursed  the  author  of  his 
being — to  have  defied  the  Almighty  who 
governs  the  winds  and  the  waves.  Its  crew 
are   old  sinners   of  the  sea — thieves   and 
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murderers — who,  together  with  their  wicked 
master,  suffer  and  toil  eternally,  without 
rest,  having  little  to  eat  and  less  to  drink. 

Believing,  as  he  does,  in  phantom  ships, 
the  sailor  has  also  a  firm  belief  in  ghosts. 
That  dreadful  specter,  Adamaster,  who 
haunts  the  white  folds  of  the  Devil's  Table- 
cloth, which  mantles  the  headland  of  the 
Cape  of  Good  Hope,  is  much  talked  of  in  the 
forecastle.  Its  appearance  in  the  twilight, 
hovering  in  cloud  and  mist,  is  a  sign  of 
coming  disaster. 

Minor  superstitions  on  shipboard  are 
numerous.  A  playful  cat  is  a  sure  indica- 
tion of  an  approaching  storm ;  and  an  old 
forecastle  tradition  says  that  *'a  black  cat 
carries  a  gale  of  wind  in  her  tail."  Hence, 
many  ship  cats  of  the  somber  hue  are  tail- 
less, save  a  two-inch  stub,  left  possibly  for 
the  purpose  of  identification.  Clerg5rmen 
and  women  are  looked  upon  with  disfavor 
on  a  ship,  the  former  being  considered 
unlucky  because  of  their  black  gowns  and 
their  principal  duty  of  consoling  the  dying 
and  burying  the  dead,  and  also  because  the 
storm  raiser,  the  Devil,  is  the  parson's  great- 
est antagonist  and  is  likely  to  send  hurri- 
canes to  destroy  him.  Women  are  looked 
upon  in  the  forecastle  as  spellbinders,  no 
Imman  form  being  so  much  dreaded  as  the 
female  brewer  of  hell-broth. 

A  dead  body  kept  on  board  always  brings 
ill  luck,  and  it  is  the  sailor's  firm  belief  that 
a  sick  man  cannot  die  until  the  tide  begins 
to  ebb.  That  freak  of  nature,  St.  Elmo's 
fire — ^an  electrical  discharge  from  the  mast- 
heads, etc. — is  a  solemn  warning  to  the  sailor. 
If,  when  playing  about  the  yardarms  and 
mastheads,  it  throws  its  pale  spectral  light 
full  into  anyone's  face,  it  is  to  that  person  a 
sure  sign  of  death. 

Perhaps  it  is  not  surprising,  however,  that 
the  sailor  believes  thus  in  supernatural  agen- 
cies and  warnings,  when  we  remember  that 
superstition  is  allowed  to  enter  into  the  very 
timbers  of  the  vessel  before  she  is  even 
launched.  Thus,  stolen  wood  is  often  mor- 
tised into  the  keel  *'  to  make  the  ship  sail 
faster  at  night. ' '  A  silver  coin  is  placed  under 
the  top  band  of  tlie  mainmast  to  bring  good 
luck  ;  and  woe  unto  the  builder  who  fails  to 
put  it  there  before  the  vessel  is  launched. 
It  is  believed  that,  if  during  the  driving  of 
the  first  nail  in  the  keel  the  first  blow 
''draws  fire,"  the  ship  is  doomed  to 
destruction  on  her  maiden  voyage.  Ship 
bells  are  blessed  to  bring  good  fortune.  If, 
through  carelessness  or  ignorance,  a  mistake 
is  made  in  the  striking  of  bells,  they  are 


invariably  struck  back  to  break  the  spell^ 
and  the  man  who  strikes  nine  bells  is  sure  to 
come  to  grief  unless  he  strikes  one  back. 

On  board  Spanish  vessels,  sailors  are  often 
seen  aloft  beating  away  for  dear  life  at  the- 
sheaves  and  pins  of  the  blocks.  They  do 
this  to  drive  the  devil  out  of  the  gear.  This 
act  of  incivility  to  his  Satanic  Majesty  is  the 
outcome  of  a  certain  disaster  which  hap- 
pened to  a  Spanish  "flying  squadron," 
which,  when  surprised  at  a  long  occupied 
anchorage,  was  unable  to  set  sail  and  engage 
the  approaching  enemy,  because  the  pins- 
and  sheaves  of  the  principal  hoisting  gears 
had  rusted  in  their  seatings.  Beating  the 
blocks  was  then  resorted  to.  From  a  relia^ 
ble  source  the  writer  is  informed  that  thi& 
same  beating  of  the  blocks  was  performed  by 
the  Spanish  sailors  belonging  to  Admiral 
Cervera's  squadron  the  night  before  leaving^ 
the  harbor  of  Santiago  to  meet  with  destruc- 
tion at  the  hands  of  Admiral  Sampson's 
squadron.  Presumably  they  did  ^  it  from 
force  of  habit,  as  there  are  very  few  blocks 
to  beat  in  modern  men-of-war. 

On  Easter  mornings,  Roman  Catholie 
sailors  cockbill  their  yards,  and  hang  that 
arch-traitor  Judas  in  eflfigy  to  a  yardarm. 
After  hanging  for  an  hour  or  so,  the  poor  fel- 
low is  lowered  to  deck,  and  beaten  and 
kicked  unmercifully  until  nothing  is  left  of 
him  but  dust. 

Whistling  on  board  a  ship  is  against  the 
proprieties  of  sea  life.  You  can  whistle  in  a 
calm  as  much  as  you  please,  as  a  lagging 
wind  may  be  spurred  on  in  consequence, 
but  you  must  never  indulge  in  that  particu- 
lar pastime  after  the  ship  is  set  going.  If 
you  do,  the  probability  is  that  a  gale  will  be 
sent  your  way  instead  of  the  gentle  breeze 
you  whistled  for  to  fill  your  flapping  sails. 
In  a  calm,  the  porpoise  is  looked  upon  as  a 
good  forecaster  regarding  the  direction  of 
the  anxiously  awaited  breeze.  It  is  said  that 
a  shoal  of  porpoises  after  having  hovered  in 
the  vicinity  of  the  becalmed  vessel  will  depart 
in  the  direction  of  the  coming  wind.  As  a 
matter  of  fact,  this  is  true  to  a  certain  degree. 
From  personal  experience  and  frequent 
observations,  the  writer  knows  that  in  the 
majority  of  cases  they  do  depart  against  the 
wind.  Another  pecuUar  thing  is  that  the 
skeleton  of  a  porpoise  when  balanced  in  a 
horizontal  position  and  hung  up  with  a 
string  will  point  with  its  head  toward  the 
approaching  wind. 

When  a  ship  is  deserted  by  rats,  it  is  con- 
sidered a  bad  omen .  The  desertion  undoubt- 
edly  occurs  for  good  and   natural  reasons.. 
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The  rat,  like  ita  arch-enemy  the  cat,  likes  to 
run  about  dry-footed,  and  will  stick  to  a 
vessel  only  so  long  as  there  is  plenty  of 
food  and  comfortable  quarters,  and  will 
surely  desert  when  his  field  of  operation 
becomes  too  wet,  or,  in  other  words,  when 
the  ship  is  leaky  and  unseaworthy. 

Among  the  superstitions  that  still  exist  to 
materially  influence  the  mind  of  the  mariner, 
that  which  makes  it  unlucky  to  go  to  sea  on 
a  Friday  is  perhaps  the  most  active.  With 
few  exceptions  a  captain  will  remain  in  port 
until  Saturday,  even  though  favorable  winds 
are  blowing,  rather  than  set  sail  on  a  Friday. 
The  origin  of  this  superstition  is  said  to  be 
that  Friday  was  the  day  upon  which  the 
Flying  Dutchman  left  port,  and  no  ship- 
master cares  to  follow  such  an  example, 
except  when  compelled  to  do  so. 

During  an  ocean  voyage  of  any  great  length, 
the  crossing  of  the  equatorial  line  is  consid- 
ered an  event  of  much  importance,  and  is 
celebrated  by  a  day  of  fun  making  at  the 
expense  *of  all  those  members  of  the  crew 
who  have  never  crossed  the  line  before — 
such  individuals  being  generally  known  on 
shipboard  as  greenhorns.  It  has  been  sug- 
gested by  some  writers  that  the  origin  of 
this  fun  making  is  of  a  superstitious  nature ; 
but  this  can  hardly  be  true,  the  jokes  that 
are  played  being  of  far  too  practical  a  char- 
acter to  suggest  anything  of  a  supernatural 
origin.  Upon  the  occasion  of  the  writer's 
crossing  the  line  for  the  first  time,  he  had 
what  was  to  the  onlookers  an  amusing  expe- 
rience. With  a  razor  made  of  the  very  best 
hoop  iron  obtainable,  and  after  his  face  had 
been  lathered  with  soap  containing  at  least 
ninety  per  cent,  of  coal  tar,  he  was  duly 
shaved  according  to  the  prevailing  custom. 
This  process  fully  and  deliberately  complied 
with,  he  was  cordially  invited  by  King  Nep- 
tune to  be  seated  near  His  Majesty,  and  the 
invitation,  being  a  most  unexpected  honor, 
was  promptly  accepted.  Instead,  however,  of 
enjoying  a  much  needed  rest,  the  seat  sud- 
<lenly  gave  way,  and  he  was  plunged  back- 
wards into  a  tank  of  water,  upon  the  surface 
of  which  were  floating  the  bodies  of  three 
rats,  killed  the  day  before  by  the  ship's  dog. 
Of  such  a  nature  generally  are  the  ceremo- 
nies attending  the  crossing  of  the  line  nowa- 
days in  a  large  sailing  vessel. 

Songs,  and  songs  only,  are  used  by  sailors 
during  the  performance  of  their  work,  and  a 
good  deal  of  superstition  is  connected  with 
them.  To  hoist  the  anchor  without  song 
means  a  stormy  voyage,  and  any  sail  spread 
in  silence  is  of  little  or  no  use  as  a  means 


to  increase  the  speed  of  the  vessel,  and  is 
likely  to  be  taken  in  very  soon  after  it  is  set. 
With  few  exceptions,  these  songs  of  the  sea 
come  from  the  forecastle,  where  they  are 
manufactured  by  the  sailor  himself.  The 
following  specimens  will  serve  to  show  that, 
however  appropriate  the  sailor  may  think 
them,  they  possess  little  poetic  sentiment. 

Song  qf  the  Anchor. 
Whisky  makes  a  poor  old  man  ; 

O  whisky,  whisky ! 
Johnny  met  me  In  the  street. 
Johnny  asked  me  If  I'd  treat ; 

O  whisky,  whisky ! 
I  said  yes  next  time  we'd  meet ; 

O  whisky,  whisky  for  Johnny. 

When  hoisting  topsails  the  favorite  is : 

A  Yankee  ship  came  down  the  river ; 

Blow,  my  bully  boys,  blow ! 
They  keep  an  Irish  mate  on  board  her ; 

Blow,  my  bully  boys,  blow  I 
Do  you  know  who  is  captain  of  her  ? 

Blow,  my  bully  boys,  blow  I 
Jonathan  Finks  of  South  Caroliner ; 

Blow,  my  bully  boys,  blow ! 

Or  this : 

Haul  the  bowline— Kitty  you're  my  darling. 
Haul  t^e  bowline— bowline  haul. 

The  origin  of  the  sailor's  superstition  is 
doubtless  to  be  found  in  the  many  uncon- 
trollable phenomena  of  nature  with  which 
he  has  to  deal ;  he  has  not  the  intelligence  to 
account  for  them  nor  does  he  possess  the 
indifference  concerning  them  that  governs 
the  mind  of  the  more  preoccupied  landsman. 
It  is  an  outgrowth  of  the  fear  of  the  unknown 
and  its  grip  on  simple  minds. 

The  uneducated  landsman,  unacquainted 
alike  with  metaphysics  and  biology,  sees, 
like  a  child,  a  personality  in  every  strange 
and  ill  defined  object.  A  cloud  like  an 
angel  may  be  an  angel ;  a  bit  of  crooked  root 
resembling  a  human  being  may  be  a  human 
being  turned  into  wood.  The  man  is  puzzled 
by  it,  and  at  last  makes  up  his  mind  that  it 
is  alive,  avoids  it,  and  trembles  at  the  mere 
thought  of  it. 

It  is  the  same  with  the  sailor.  To  him  a 
thing  that  apparently  defies  explanation  is 
supernatural.  He  is  not  afraid  of  the  tempest 
with  which  he  has  to  battle,  but  he  fears  the 
unknown  that  causes  the  tempest.  There 
are  times  when  tempests  become  frenzied, 
when  the  heavens  are  attacked  with  a  sort 
of  delirium,  and  the  firmamenjt  raves  and 
hurls  its  lightnings  blindly.  Nothing  can 
possibly  be  more  terrible  than  these  wild 
outbursts  of  Nature's  rage ;  more  hideous 
moments  can  scarcely  be  imagined.  Such 
occurrences  as  these  deeply  impress  the 
simple-minded  sailor,  and  often  open  within 
him  a  wide  berth  for  superstition. 


A  CHART  FOR  SUNRISE  AND  SUNSET. 


THE  accompanying  chart,  by  which,  at  a 
glance,  the  time  of  sunrise  or  of  Bunset 
for  any  day  in  the  year  can  Ite  quickly 
ascertained,  will,  I  think,  interest  readers  of 
Tub  Mechanic  Arts  Maoazinb.  Thoaewho 
understand  the  use  of  diagramH  in  general 
will  appreciate  its  handiness,  while  an 
explanation  will  serve  a  double  purpose  with 
those  who  are  ignorant  of  the  usefulness  of 


we  wish  to  know  at  what  time  the  sun  will 
rise  on  the  lOth  of  May.  We  first  find  the 
slice  of  the  chart  marked  May.  Now  the 
line  dividing  the  April  slice  firom  the  May 
slice  is  the  last  day  of  April.  The  10th  of 
May  will,  therefore,  be  one-third  of  the  way 
over  the  May  slice — reckoning  30  days  to  the 
month.  The  sunrise  curve  is  marked  San- 
rUe;  bear  this  curve  in  mind.     Concentric 


each  diagrams,  for  it  will  teach  them  not     circles  struck  from  the  center  of  the  chart 
only  how  to  use  this  particular  chart,  but      are  marked  S,  4,  a,  <>,  7,  and  S ;  these  repre- 


will  add  to  their  stock  of  intelliKence  touch- 
ing one  of  the  simplest  methods  of  represent- 
ing to  the  eye  the  rate  and  the  manner  of 
change  of  a  varj-iiig  quantity. 

We  will  begin  by  tuthig  the  chart.     Suppose 


sent  hours ;  the  space  between  every  adjacent 
pair,  as  between  the  4-o'clock  circle  and 
the  6-o' clock  circle,  is  divided  into  four  equal 
parts,  each  smallspacerepresentinga  quarter 
of  an  hour,  or  15  minutes.    That  is  all  there 
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is  to  the  chart  itself.  On  the  10th  of  May, 
that  is,  one-third  of  the  way  over  the  May 
slice,  a  radial  line  will  intersect  the  Sunrise 
curve  at  a  point  just  beyond  the  third  quar- 
ter past  the  4-o' clock  circle,  indicating  that 
on  that  day  the  sun  will  rise  at  about  4.47 


A.  M.  The  short  radial  lines  every  third 
part  of  a  slice  help  the  reader  to  locate  any 
intermediate  date. 

Charts  in  general  are  quite  as  simple  as 
this,  and  many  are  much  simpler.  Easy, 
isn't  it? 


PEAUCELLIER'S  MOTION. 


Anonymous. 


Method  of  Demoxstrating  Its  Motion  by  Direct  Geometry 


THE  excellent  article,  **  How  to  Draw  a 
Straight  Line,"  by  Mr.  Goodenough, 
interested  me  very  much.  The  follow- 
ing is  what  I  consider  to  be  an  exceedingly 
simple  proof  of  Peaucellier's  straight-line 
motion,  which,  being  directly  geometrical, 
will  perhaps  be  of  interest  to  readers  of  The 
Mechanic  Arts  Magazine. 

Let  BCDE  be  a  rhombus;  A  C  =  AE, 
AM=MB.  AM  remains  in  place  ;  all  other 
lines  are  pivoted  at  their  extremities,  so  that 
they  move  freely.  This  is  the  Peaucellier 
machine. 

Produce  A  M  indefinitely.  With  center  M 
and  radius  A  M(  =  MB)y  describe  semicircle 
ABH,  From  D  let  fell  a  perpendicular 
upon  AH,  or  AH  produced.  Draw  A  D  and 
BE.  Since^  C=^ -E?, and  since 5 CD -E? is 
equilateral,  A  D  will  pass  through  B,     (a) 

Triangles  ADG  and  A  HB  are  similar,  for 
the  angle  A  is  common,  and  each  contains  a 
right  angle.  Then,  AB\  A  0  =  AH.  A  D, 
or,  ABXAD  =  AGXAH.     (J) 

Move  B  along  the  arc  A  Hto  any  point,  as 
B',  The  point  C  will  move  to  C,  E  to  E^, 
D  to  ly.  (The  construction  of  the  new  posi- 
tion of  the  rhombus  is  simple,  for  B^  is 
equidistant  from  C^  and  E^,  and  they  are 
equidistant  from  A,  and  ly  is  also  equi- 
distant from  (7  and  E'. )  With  C  and  C^  as 
centers  and  radius  CB,  describe  circles 
C  and  (y.  Produce  ^  Cto  /,  and  J  O'  to  P. 
AI=AF,  And  AK=  A  K\  For  the  for- 
mer are  each  equal  to  AC  -{•  BC,  and  the 
latter  are  each  equal  to  A  C  —  BC.     (y) 

In  circle  C,  AIXAK  =  ADX  AB^^nd 
in  circle  C,  Al' X  AK' =  AJy  X  AB\ 
Then  (y),  AD  X  AB  =  AiyXAB'  = 
(p)  A  OX  AH  That  is  to  say,  whatever 
position  the  rhombus  may  occupy,  any  rect- 
angle ABXAD  =  AGXAH=  a  con- 
stant quantity. 


From  the  relation AJyXAB'  =  AGX 
A  Hy  we  have  the  proportion  AI/  :  AH  = 
AG  :  A  B\  and  hence  the  triangles  Aiy  G 
and  AB'  H  are  similar.  But  AB^  Hv&  a 
right  angle,  being  inscribed  in  a  semicircle ; 
therefore,  the  homologous  angle  AGJy\%9k 


right  angle,  and  ZK  is  in  the  perpendicular 
BG. 

It  is  evident  that  this  reasoning  applies, 
whether  the  foot  of  the  perpendicular  fall 
within  the  semicircle,  at  the  extremity  //  of 
the  diameter,  or  uf>on  the  diameter  pro- 
duced. 
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Than'sformed  Africa. 


PART  I. 


TWO  maps  of  Africa  lie  before  me.  One 
is  jiiBt  fifty  years  old  ;  the  other  bears 
the  date  1898.  What  have  they  iii 
common  ?  There  are  the  same  outlines,  the 
blunt  rounded  contours  which  contrast  so 
strangely  with  the  sharp  projections  and 
indentations  of  the  other  continents  ;  there 
are  the  same  river  estuaries,  and  a  few  of 
the  same  names  appear  in  the  north  and 
east.  The  old  map  is  Africa  of  the  dark 
ages,  whose  heart  is  an  unknown  blank. 
The  continent  here  portrayed  was  the  seat 
of  one  of  the  most  ancient  civilizations  of 
the  world,  yet  in  her  relations  to  the  modem 
progressive  human  race  she  is  sunk  in  sleep. 
The  hand  of  the  nineteenth  century  has 
hardly  touched  her. 

On  this  map  of  1848  there  is  a  little  patch 
of  British  red  at  the  south,  indicating  Cape 
Colony — originally  settled  by  the  Dutch,  but 
ceded  to  the  British  in  the  early  part  of  the 
century.  Two  or  three  red  and  purple  spots 
on  the  northwest  coast  mark  British  and 
French  trading  settlements.  On  the  Medi- 
terranean a  purple  strip,  with  undefined 
southern  limits,  shows  where  the  French 
have  been  established  in  Algeria  for  twenty 
years.  Portugal  lays  claim,  by  right  of 
fifteenth-  and  sixteenth-century  discoveries, 
to  parts  of  the  eastern  and  western  coast 
lines,  but  the  regions  lying  behind  her  pos- 
sessions remain  a  sealed  book,  except  when 
occasional  glimpses  are  revealed  through  the 
horrible  medium  of  the  slave  trade.  In  the 
interior  are  the  Mountains  of  the  Moon, 
the  supposed  source  of  the  Nile ;  a  wide 
territory  bears  the  names  of  Ethiopia  and 
the  Great  Desert ;  and  unexplored  regions 
abandoned  apparently  to  wandering  Bush- 
men fill  up  the  remaining  space. 

But  the  day  approached  when  the  long 
sleep  of  ages  was  to  be  broken.  British, 
French,  and  German  explorers  pushed  their 
way  steadily,  slowly,  towards  the  heart  of 
the  African  continent,  and  roused  the  slug- 
gish senses,  bringing  her  into  contact  with 
the  atmosphere  of  action  which  lay  around 
her.  Year  by  year  new  facts  were  revealed 
and  were  recorded  on  the  maps  of  the  day, 
first    tentatively,   then    definitely.      Newly 


discovered  natural  features  fell  into  place ; 
the  Mountains  of  the  Moon  disappeared  ; 
the  supposedly  barren  interior  was  shown  to- 
contain  some  of  the  finest  lakes  in  the  world  ; 
the  Kongo,  heretofore  unexplored,  proved 
to  be  a  wonderful  river  system  with  a 
thousand  afifluents,  watering  a  fertile  coun- 
try in  the  very  heart  of  this  tropical  region. 

The  changes  which  were  made  in  the 
map  in  consequence  of  the  discoveries  of 
explorers,  seemed  to  be  rapid — our  fathers 
still  looked  half  incredulously  at  the  new 
lakes  and  rivers,  not  sure  that  they  repre- 
sented established  facts,  when,  presto !  the 
scene  changed  !  Airica  was  suddenly  swept 
into  the  zone  of  European  politics,  and  as  if 
by  magic  her  aspect  was  completely  trans- 
formed. The  atlas  of  1898  depicts  her  as  clad 
in  a  coat  of  many  colors,  each  one  represent- 
ing the  authority  of  some  European  power, 
and  the  boundary  lines  of  each  section  have 
been  defined  by  international  agreement. 
"In  the  eighteenth  century  the  white  man 
took  Africans  from  Africa ;  in  the  nine- 
teenth century  he  has  taken  Africa  from  the 
Africans" ;  is  a  statement  as  true  as  it  is 
epigrammatic.  And  strange  to  say,  the  par- 
tition  of  this  continent  has  not  led  to  war 
between  the  various  powers  which  have 
divided  the  spoil,  and  entered  into  the  herit^ 
age  of  the  black  races.  The  pen  has  taken 
the  place  of  the  sword,  and  the  rules  of  the 
game  which  were  agreed  on  when  the 
scramble  for  Africa  began,  have  been 
observed  with  moderate  fairness  by  the 
participants. 

Half  a  century  ago,  only  two  European 
powers  manifested  any  active  interest  in 
Africa — Great  Britain  and  France.  Cape- 
Colony  was  of  much  importance  to  the  for- 
mer as  a  half-way  house  to  India  and  Aus- 
tralia, and  its  boundaries  were  gradually 
enlarged  by  conquest,  by  treaty,  and  by 
measures  incidental  to  the  repression  of  the 
slave  trade,  among  the  Dutch  and  African 
neighbors  on  her  borders.  The  importance 
of  trade  on  the  Niger  had  also  begun  to  be 
recognized.  In  the  north,  France  showed 
eagerness  and  foresight  in  her  efforts  to 
extend  her  empire,  and  was  steadily  pushing- 
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her  way  in  that  region.  Two  men  may  be 
held  responsible  for  the  whirlwind  which 
changed  a  gradual  growth  into  a  mad  rush 
for  unoccupied  territory — Henry  M.  Stanley 
and  Prince  Bismarck,  in  their  respective 
capacities  as  explorer  and  statesman. 
Stanley  revealed  to  the  world  the  Kongo 
River  region,  and  it  was  not  in  human 
nature  to  n^Iect  the  opportunity  of  seizing 
so  valuable  a  possession  for  modern  civiliza- 
tion. King  Leopold  of  Belgium  was  the  first 
in  the  field,  and  created  what  is  known  as 
the  Kongo  Free  State.  As  he  is  its  sovereign, 
it  is  to  all  intents  and  purposes  a  Belgian 
colony,  to  which  he  contributes  a  large  sum 
annually  from  his  private  fortune. 

The  Berlin  Conference,  a  meeting  of  the 
Powers  interested  in  Africa,  took  place  in 
1884,  for  the  arrangment  of  details  connected 
with  the  boundaries  of  the  Kongo  Free 
State.  But  other  matters  also  came  before  it 
for  consideration.  In  the  early  part  of  the 
same  year,  Prince  Bismarck's  plans  for  the 
creation  of  a  Grerman  colonial  empire  had 
taken  shape,  and  the  German  flag  had  been 
raised  over  a  portion  of  the  west  coast  of 
Africa,  to  the  north  of  Cape  Colony.  It  was 
certain  that  Germany's  example  in  the 
occupation  of  unclaimed  territory  would  be 
copied  by  others;  and  at  the  Berlin  Con- 
ference conditions  were  agreed  on  under 
which  annexations  would  be  recognized  by 
the  Powers. 

At  this  point  there  began  what  has  been 
described  as  "the  modern  rush  of  the  civilized 
on  the  uncivilized  world  '* ;  and  in  a  very  few 
years  the  map  of  Africa  appeared  in  its  new 
dress.  The  British  red  spread  north  from 
Cape  Colony  to  the  southern  point  of  Lake 
Tanganyika,  then,  after  a  break  of  a  few 
hundred  miles,  extended  to  the  southern 
frontier  of  Egypt  and  the  Sudan,  which  is 
under  a  virtual  British  protectorate.  Only 
two  sections  of  the  coast  line  of  East  ^ffica 
belong  to  Great  Britain  ;  the  rest  has  fallen 
to  the  share  of  Portugal,  Germany,  and  Italy. 
On  the  west  coast,  the  Niger  River  region 
and  three  smaller  sections  are  also  colored 
red.  France  is  the  predominant  power  in 
the  north,  where  her  flag  flies  over  vast 
territories,  much  of  which,  however,  is 
infertile  and  sparsely  populated.  She  has 
a  fine  province  on  the  north  of  the  Kongo,  a 
settlement  near  the  mouth  of  the  Red  Sea, 
and  the  great  island  of  Madagascar.  She 
controls  one-fourth  of  the  area  of  Africa ; 
and  Great  Britain,  if  her  occupation  of  Egypt 
be  called  a  protectorate,  controls  another 
fourth  part. 


Grermany  is  established  on  the  east  coast 
between  the  great  lakes  and  the  Indian 
Ocean;  on  the  west  coast,  north  of  Cape 
Colony ;  and  at  two  other  places  east  and 
west  respectively  of  the  Niger  River.  By 
right  of  discovery,  Portugal  claims  large  sec- 
tions of  the  east  and  the  west  coast,  for 
which  as  yet  she  has  done  very  little  in  the 
way  of  development ;  and  Italy  nominally 
occupies  two  strips  of  the  eastern  coast, 
shorn  of  much  of  their  width  in  consequence 
of  her  recent  war  with  Abyssinia.  This 
ancient  kingdom  still  survives.  Morooco  on 
the  northwest  coast  is  also  independent,  and 
Tripoli  is  a  Turkish  province.  Two  small 
Dutch  republics  in  the  South,  the  Transvaal 
and  the  Orange  Free  State,  strive  to  isolate 
themselves  from  modem  ideas  of  commerce 
and  government,  but  their  probable  fate  is 
absorption  in  a  British  South-African  Con- 
federation. The  negro  republic,  Liberia,  on 
the  west  coast,  has  existed  for  fifty  years  as 
an  independent  government.  The  center  of 
the  continent  is  occupied  by  the  Kongo  Free 
State,  under  the  sovereignty  of  King  Leopold 
of  the  Belgians ;  and  there  remains  unap- 
propriated only  a  section,  largely  desert, 
lying  between  the  Egyptian  Sudan  and 
French  West  Africa,  of  which  France  will 
probably  gain  the  larger  portion. 

These  great,  tracts  of  country  in  Africa 
are  necessarily  controlled  in  very  varying 
degrees  by  the  Powers  to  which  they  have 
been  allotted.  In  some,  little  or  no  author- 
ity is  exercised.  Such  lands  are  said  to  be 
merely  within  the  "  sphere  of  influence  '*  of 
the  specified  Power.  This  phrase,  now  fully 
adopted  into  the  diplomatic  vocabulary,  is  a 
creation  of  the  Berlin  conference.  Within 
a  given  "sphere"  other  Powers  are  not 
expected  to  intrude,  either  to  found  inde- 
pendent trading  stations,  or  to  make  treaties 
with  native  chiefs.  There  must  be  a  certain 
degree  of  efiective  occupation,  perhaps  a 
fortified  post  here  and  there ;  and  the  pro- 
tecting Power  must  see  that  trading  cara- 
vans can  pass  in  safety,  and  that  slave  raid- 
ing is  checked.  By  degrees  it  is  expected 
that  the  resources  of  the  country  will  be 
developed,  and  meanwhile  the  nominal  pro- 
tector is  to  have  a  free  hand  as  against  Euro- 
pean competitors.  When  full  possession  has 
been  taken,  as  in  the  colonies,  the  machinery 
of  order  and  government  is  established,  and 
the  inhabitants,  native  and  foreign,  are  sub- 
ject to  law. 

The  doctrine  of  the  hinterland  was  also  a 
development  of  the  Berlin  conference,  and 
the  word  has  been  adopted  to  the  exclusion 
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of  the  more  familiar  English  expression, 
•*back  country.'*  The  coast  line  is  natur- 
ally the  first  point  of  occupation,  and  it  is 
obviously  for  the  benefit  of  all  concerned 
that  each  Power  should  be  left  free  within 
certain  limits,  and  that  there  should  be  no 
interference  with  her  communications  in  the 
rear.  Inevitably,  when  two  Powers  are 
advancing  towards  each  other,  a  time  comes 
when  their  hinterlands  may  overlap,  and  diflSl- 
culties  arise  in  the  settlement  of  limits.  This 
has  recently  been  the  case  between  Great 


Britain  and  France  in  West  Africa  and  in 
the  Sudan.  Agreements  made  between  any 
two  or  three  Powers  are  not  considered  to 
be  binding  on  a  fourth  if  the  natural  devel- 
opment of  her  territory  brings  her  in  contact 
with  a  disputed  frontier,  and  it  will  probably 
be  long  before  the  delimitations  of  the  various 
** spheres  of  influence"  are  all  arranged  in 
detail. 

Meanwhile  Africa  has  become  a  political 
appendage  of  Europe,  and  as  such  will  take 
her  place  in  the  history  of  a  new  century. 
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Mrs.  Henry  Eemond. 


Step  I:    Cooking  in  Water. 


BEFORE  entering  into  the  subject  of  this, 
our  first  step  in  the  art  of  cooking,  it 
may  be  well  to  consider  why  food  has 
to  be  cooked  at  all,  and  why  it  is  not  eaten 
raw — that  is,  in  its  natural  state.  Well, 
without  attempting  to  guess  when  m$in  first 
discovered  that  certain  food  materials  were 
improved  by  being  submitted  to  the  action 
of  the  heat  of  a  fire,  suffice  it  to  say  that 
certain  food  materials  are  cooked  because  it 
is  known  that  the  process  makes  them  more 
palatable  and  more  digestible. 

Now,  there  is  more  than  one  way  of  cook- 
ing foods.  There  are,  indeed,  many  ways  ; 
but,  broadly  speaking,  they  all  have  the 
same  main  object,  namely,  to  convert  some 
material  into  wholesome  food  by  subjecting 
it  to  the  action  of  heat.  Whether  the  heat 
shall  be  applied  directly  or  through  some 
such  heat-distributing  medium  as  watery 
depends  upon  the  nature  of  the  food  material 
to  be  cooked.  You  will  at  once  see  that 
there  is  a  vast  difference  between  putting  a 
piece  of  raw  beef  into  boiling  water  and 
holding  it  close  to  the  live  fiame  of  a  hot  fire. 
In  this  lesson  we  will  confine  ourselves  to 
"  cooking  in  water." 

Perhaps  it  has  never  occurred  to  you  that 
water  itself  is  really  cooked  when  you  boil 
it.  In  a  chemical  sense,  this  is  hardly  true, 
because  heat  causes  no  change  whatever  in 
chemically  pure  water,  except  the  physical 
change  of  expanding  it  and  converting  it 
into  steam.  But  when  we  speak  of  water, 
we  mean  the  water  supplied  to  us  through 
the  water  mains  for  drinking  and  for  cook- 
ing purposes ;  and  this  water  is  never  pure, 
though  it  may  be  perfectly  wholesome.    The 


water,  then,  contains  foreign  matter,  either 
in  solution  or  in  suspension ;  sometimes  it 
contains  disease  germs,  or  microbes,  as  they 
are  usually  termed  ;  but,  whatever  the  for- 
eign matter,  boiling  cooks  it,  and  any  microbes 
that  may  be  present  are  thus  destroyed  and 
rendered  harmless.  In  this  sense,  then, 
when  you  boil  water,  you  really  cook  it. 

For  cooking  purposes,  water  should  always 
be  used  as  soon  as  it  is  boiled  ;  it  should  never 
be  allowed  to  stand  in  the  kettle  for  any 
length  of  time  afterwards.  The  temperature 
at  which  water  boils  depends  on  the  foreign 
matter  it  contains.  Pure  fresh  water  boils  at 
212°  Fahrenheit ;  salt  water  does  not  boil 
until  it  is  heated  to  224°  F.  The  addition, 
then,  of  salt  to  fresh  water  increases  the 
temperature  of  the  food  cooked  in  it.  Before 
water  reaches  the  boiling  point,  it  simmers; 
the  temperature  is  then  about  185°  F. 

Now,  there  are  three  distinct  ways  of  cook- 
ing in  water: 

1.  The  food  material  may  be  plunged  into 
boiling  water,  and  left  there  until  cooked — 
the  water  always  boiling. 

2.  The  material  may  be  covered  with  cold 
water,  and  the  temperature  gradually  raised 
to  simmering  point,  keeping  it  there  until 
the  material  is  cooked. 

3.  The  material  may  be  covered  with  cold 
water,  and  raised  quickly  to  the  boiling 
point ;  then,  after  a  certain  length  of  time, 
allowed  to  simmer  until  cooked. 

In  order  to  make  each  method  clear  and 
comprehensible,  we  will  take  a  piece  of  raw 
meat,  cut  it  into  three  portions,  and  experi- 
ment with  each,  taking  the  three  methods 
in  the  order  given  above. 
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On  plunging  the  first  piece  into  boiling 
water,  we  shall  see  that  its  bright  red  color 
changes  quickly  to  a  pale  gray.  This  is  due 
to  the  albumen  on  the  surface  of  the  meat 
being  coagulated,  or  hardened,  by  the  heat 
of  the  boiling  water.  This  seals  the  pores 
on  the  surface  of  the  meat,  and  prevents 
the  escape  of  the  meat  juices.  When  the 
meat  is  done,  you  will  find  that  the  water  is 
scarcely  discolored,  which  shows  that  all 
the  juice  is  sealed  up  in  the  meat. 

Take,  now,  the  second  portion,  and  cut  it 
into  small  pieces ;  cover  them  with  cold 
water,  and  dtand  the  vessel  on  the  back  of 
the  stove,  and  allow  it  to  come  slowly  to  the 
simmering  point — ^but  no  hotter.  Let  this 
process  of  simmering  continue  for  2  hours, 
and  you  will  find  that  all  the  juices  that 
were  in  the  meat  are  now  in  the  water,  and 
that  the  meat  itself  is  white  and  tasteless — 
that,  in  fact,  all  the  goodness  is  drawn  out 
of  it,  and  that  nothing  is  left  but  tough 
fibers. 

Put  the  third  piece  of  meat  into  cold 
water,  and  raise  quickly  to  the  boiling  point. 
Keep  it  boiling  for  5  minutes,  then  let  it 
simmer  until  the  meat  is  done.  Now  you 
will  find  that,  before  the  water  boiled,  a 
sufficient  quantity  of  juice  was  extracted 
from  the  meat  to  flavor  the  water,  but  that 
enough  was  left  in  the  meat  to  keep  it  juicy 
and  palatable.  Thus,  by  letting  the  water 
boil  for  a  few  minutes,  the  pores  were  sealed 
before  too  much  of  the  meat  juices  had 
escaped  ;  but  you  will  also  find  that  the  long- 
continued  simmering  has  rendered  the  meat 
very  tender  and  toothsome. 

Now,  what  do  we  learn  from  the  experi- 
ments? That  very  tender  meat  may  with 
advantage  be  cooked  by  method  1 ;  that 
method  2  cooks  the  meat  to  fiber,  producing 
extrad  of  the  meat  cooked ;  that  method  3 
may  be  emplo^red  with  advantage  where  the 
meat  to  be  cooked  is  fresh  and  tough,  as  it 
renders  it  tender  and  enhances  the  flavor ; 
that  this  method  takes  a  long  time,  certainly, 
but  that  cheap  meat  may  thus  be  made 
palatable. 

There  are  many  dried  fruits  and  vegeta- 
bles, such  as  dried  apples,  prunes,  lentils, 
peas,  beans,  and  com,  that  have  to  be  soaked 


for  hours  in  cold  water  before  cooking,  in 
order  that  they  may  absorb  the  amount  of 
water  they  contained  before  they  were  dried. 
If  these  dried  foods  are  plunged  at  once 
into  boiling  water,  they  remain  hard  and 
tough,  however  long  they  are  cooked. 

All  cereals  and  grains — oatmeal,  wheat, 
hominy,  oats,  rice,  etc. — should  be  cooked  in 
boiling  water,  as  cold  water  draws  the  starch 
out  of  them.  If  they  are  put  on  the  fire  in 
cold  water,  sufficient  starch  will  be  drawn 
out  before  the  boiling  point  is  reached  to 
make  the  water  whitish  and  sticky ;  and 
when  cooked,  instead  of  being  light  and 
fiaky,  the  mass  will  be  sticky  and  impalata- 
ble.  These  foods  should  be  cooked  in  twice 
their  volume  of  water ;  that  is,  for  every 
}  cup  of  grain,  allow  1  cup  of  boiling  water. 
When  cooked,  the  water  should  be  com- 
pletely absorbed,  and  the  grain  should  be 
separate  and  flaky.  As  cereals  are  nowadays 
prepared  for  the  market,  they  take  from  20 
to  30  minutes  to  cook.  Hominy,  whole 
oats,  and  rice  take  1  hour. 

In  cooking  vegetables,  where  it  is  desired 
to  retain  the  shape,  add  a  little  salt  to  the 
water ;  .this  hardens  the  outside  just  enough 
to  prevent  falling.  All  vegetables  contain 
what  is  known  as  vegetable  albumen,  and 
under  the  three  methods  of  cooking  in  water 
already  described,  they  behave  much  as  meat 
does.  For  instance,  if  potatoes  are  plunged 
into  boiling  water,  the  surface  albumen  is 
hardened ;  then  the  heat  of  cooking  causes 
the  starch  to  swell  and  burst  the  little 
cells  in  the  potatoes  and  also  the  coating 
formed  by  the  coagulated  albumen  on  the 
outside,  the  result  being  what  we  call  a 
mealy  potato.  If,  instead  of  this,  the  pota- 
toes are  put  into  cold  water,  and  gradually 
raised  to  the  boiling  point,  the  starch  will  be 
drawn  out,  much  as  the  juice  was  drawn 
from  the  meat,  and  the  potatoes  will  become 
saturated  with  water  and  unfit  to  eat  when 
cooked. 

Beans,  rice,  and  lentils — in  fact,  any  very 
starchy  dried  vegetable — should  be  left  in 
cold  water  for  some  hours  before  cooking ; 
this  soaking  swells  the  starch  grains  to  their 
original  size,  and  for  all  practical  purposes 
makes  the  vegetable  fresh  again. 
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Thb  ANNEXED  cut  illustrates  the  "  Detroit" 
improved  elandard  lubricator,  and  method 
of  attachment.    This  lubricator,  made  by 
The  Detroit  Lubricator  Company,  Detroit, 
Michigan,  is  intended  especially  for  the  bet- 
ter claesea  of  engines,  and  represents  the 
highest  development  in  its  line.    It  is  con- 
venient, durable,  and  reliable.     Among  the 
improvements  enumerated  by  the  manufac- 
turers are  the  following:  (1)  The  support 
arm  is  in  two  parts.    The  part  containing 
,  the  globe  valve  i 
first   screwed   into 
the  steam  pipe,  and 
t  h  e   lubricator 
then  coupled 
it.      This  makf 
the  attachment 
very  easy,  and,  on 
account  of  the  globe 
valve,  the  lubrica- 
tor proper  can  be 
removed  at  any 
lime,  for  repairs  or 
Otherwise,  without 
letting  down  steam. 
(2)  The  he'ftting 
passage  from  the 
upper    sight-feed 
arm  to  the  support 
arm  passes  directly  J 
through    the  body  \ 
of    the    lubricator, 
and,  being  always 
filled  with    steam, 

it  keeps  the  oil  constantly  warm  and  in  a 
thoroi^hly  liquid  condition.  This  lubricator 
is  particularly  well  adapted  for  fee<ling  heavy 
oils.  (3)  There  is  a  drain  stem  under  the 
sight-feed  glass,  which  allows  the  water  to 
be  drained  out  and  the  glHKs  cleaned  at  any 
time.  (4)  The  oil  is  poured  directly  into 
the  body  in  the  pint  and  larger  sines,  doing 
away  with  the  necessity  of  a  vent.  (5)  The 
sight-feed  and  gauge  glaSKCS  are  in!<erte<l 
through  the  up|)er  arms,  (6)  The  sight-feed 
glaes  and  the  valve  regulating  the  feed  are 
on  the  oppisite  side  from  the  ."team  pipe. 
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A  QRADt-ATB's  inagazi  ne  —  "  T  h  e  Tech- 
nology Review" — has  just  been  issued  by  the 
recently  organized  Association  of  Class  Secre- 
taries. It  is  an  octavo  volume  of  140  page?, 
attractive  in  appearance,  and  of  the  best 
workmanship.  Thecover,  designed  by  Hap- 
good  and  printed  on  army  brown  paper,  is 
very  handsome.  The  first  number  contains 
the  Announcement ;  a  photograph  with  bio- 
graphical sketch  of  President  Crafts  ;  articles 
on  "The  Function  of  the  Laboratory,"  by 
Professor  Silas  W,  Holman,  and  on  the 
"Tierce  Building," by  Professor  Eleazer  E. 
Homer,  the  architect ;  reprints  in  facsimile 
of  earty  Institute  documents  and  letters — all 
in  the  first  and  more  general  half.  The 
latter  half,  seventy  p^^,  is  given  to  news 
of  the  Institute,  of  the  undergraduate  and 
graduate  classes.  Plans  are  shown  of  the 
several  fioors  of  the  new  Pierce  Building,  of 
the  first  floor  of  the  Rogers  Building  as  now 
altered,  and  of  the  dynamo  house.  There 
are  two  half-tone  inserts  and  two  line  draw- 
ings, one  by  Gelett  Burgess,  An  excellent 
review  of  Professor  Holman' s  recent  book  on 
"Matter,  Enei^,  Force,  and  Work"  is 
given  by  Dr.  tioodwin. 

CAR-WHBEL  TESTS. 


the  question  of  safety  in 
railroad  traveling,  the  matter  of  rolling-stock 
efficiency  occurs  at  once  to  the  mind.  And 
among  the  various  items  that  come  under 
this  head,  car-wheel  failures  make  up  about 
33  per  cent.,  or  one-third  of  the  whole. 
Little  wonder,  then,  that  customers,  when 
ordering  these  parts,  insist  on  strict  tttOe. 
Usually,  after  the  wheels  have  been  inspected 
ready  for  shipment,  one  of  them  la  chosen 
at  random  out  of  every  group  of  a  hundred. 
This  is  then  tested  by  falling  weights,  the 
number  of  blows  to  be  withstood  varying 
with  the  size  and  weight  of  the  wheel.  If 
the  test  wheel  breaks  under  less  than  the 
prescribed  number  of  blows,  a  second  wheel 
is  chosen.  It  this  one  proves  satislactory, 
Che    inspector    may    pass    the   remainder, 
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■or  he  may  chose  another  one  and  test  that 
■also.  In  these  tests  the  wheel  is  laid  flat  on 
its  face,  supported  on  three  pointe  not  more 
than  5  inches  wide,  and  the  weight  then 
dropped  upon  its  hub.  Sometimes  it  is  laid 
flat  on  a  circular  support  placed  under  the 
outer  rim,  so  as  to  support  it  all  around 
its  outer  edge,  the  weight  being  then  dropped 
upon  the  body  near  the  rim. 

The  New  York  Car  Wheel  Works,  of 
Bufialo,  N.  Y.,  have  sent  us  a  catalogue 
in  whichare  described  and  illustrated  various 
teats  made  by  The  P.  H. 
-Griffin  Machme  Works  of 
Bufialo,  of  their  special 
quality  wheels.  The 
accompanying  half-  tone 
illustrates  a  severe  test 
applied  to  wheels  made 
to  specifications  of  the 
Belgian  State  Railway. 
The  weight  is  dropped 
from  varying  heights, 
bt^inaing  at  19  inches  and 
increasing  by  increments 
of  19  inches.  The  wheel 
has  to  stand  five  such 
blows  without  breaking 
into  pieces,  to  insure  the 
acceptance  of  the  group  it 
represents.  Another 
severe  test  for  wheels 
made  under  the  German 
State  Railway  specifica- 
tions is  to  lay  the  wheel 
fiat  upon  its  face  and  put 
conical  pieces  into  the 
hub    (bored,  tapering  for 


the  ] 


rpose),  ( 


wedge  fitting   into  these 

pieces,    A  weight  of  475 

pounds  is  then  dropped 

upon  the  top  of  the 

wedge,  which  thus  exer- 

cisesasevere  bursting 

action  on  the  wheel.    It 

must  be  gratifying  to  the 

general  public  to  know  that  such  pains  are 

taken   to  insure  safety   and   freedom   from 

defects  in  so  important  an  item  as  the  wheels 

of  the  vehicles  they  entrust  their  lives  to. 


A  SMALL  part  of  this  report  is  devotetl  to 
the  proceedings  of  the  Board  of  Regents  and 
the  annual  report  of  the  secretary  of  the 
Institution,    Mr.  S.  P.  Langley,    in    which 


appears  a  vliort  account  of  Mr.  Langley's 
successful  experiments  in  mechanical  flight. 
The  chief  interest  in  the  Report  centers, 
however,  in  the  "  General  Appendix," 
which  is  made  up  of  a  series  of  memoirs,  or 
abstracts,  consisting  for  the  most  part  of 
addresses  and  lectures  delivered  before  scien- 
tific societies.  This  appendix  is  intended  to 
be  a  record  of  scientific  progress  in  astron- 
omy, physics,  chemistry,  geoli^y,  and  other 
sciences.  While  the  individual  papers  are 
of  particular  value    to  scientists,  most  of 


them  are  of  a  more  or  lesspupukr  churacter, 
and  will  prove  of  interest  to  the  general 
reader  as  well.  Wegive  a  brief  synopsis  of 
some  of  the  leading  papera.  "The  Problems 
of  Astronomy,"  by  Simon  Newcomb;  the 
problems  mentioned  are  the  extent  of  the 
universe,  the  duration  of  the  universe  in 
time,  the  nature  of  the  comets,  and  the  varia- 
tion of  latitudes.  Dr.  Leo.  Koenigsbenjer's 
lecture  entitled,  "The  Investigation  of  Helm- 
holtz  on  the  Fnndamental  Principles  of 
Mathematics    and    Mechlinics,"  is    replete 
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with    Bum^tiona    to   mathematicianB.     In 
"  Physical  PhenomenB  of  the  Upper  ItegionB 
of  the  Atmoephere,"   Prof.  Cornu   esplaina 
some    perplexing    points    concerning    the 
motions  of  the  atmoBpher«,  and  tnechanic- 
ally  illustrates  the  action  of  the  cyclone  and 
waterspout.    Prof.  Thurston  in  bis  article, 
"The  Animal  aa  a  Prime  Mover,"  states  that 
the  efficiency  of  the  animal  machine — that 
is,  the  tatio  of  the  external  work  of  the  ani- 
mal to  the  dynamic  equivalent  of  the  energy 
latent  in  the  food  supply — is  about  20  per 
cent.    He  in  the  first  place  discuBseB  at  some 
length  the  relative  value  of  different  foode 
and  diets,  and  afterwards  the  dietri- 
bntion  of  the  energy  supplied  by  the 
food,     A  specially  readable  paper  ia 
"The  War  with  the  Microbea,"  by 
E.  A.  de  Schweinitz.    It  is  a  historical 
review  of  the  investigation  of  the  dis- 
ease-producing germs  and  the  methods 
employed  to  check  their  ravages.    The 
paper  cloBea  with  a  ehort  diacusBion  of 
the  useful  bacleria  and  their  influence 
on  food  products,  such  as  milk,  butter. 
Vine,  etc.    Other  papers  contained  in 
the  appendix  are : 

"New  Researches  on  Liquid  Air," 
Prof.  Dewar. 

"The  Processes  of  Life  Revealed  by 
the  Microscope,"  S.  II.  Gage. 

"The    Rarer    Metals     and    Their 
Alloys,"  W.  C.  Robertfl-AusUn. 

"  Utilization  of  Niagara,"  T.  C.  Mar- 


For  ordinary  purposes  the  cell  is  filled 
with  a  solution  of  bichromate  of  potassium, 
which  is  of  a  deep  reddish-yellow  color  and 
effectually  screens  from  the  plate  those 
extremely  actinic  rays  of  light  which,  though 
they  make  snap-shot  photography  possible, 
do  it  at  the  expense  of  detail  in  the  fore- 
ground and  clouds  in  the  sky.  The  Rayfilter 
increases  the  necessary  exposure  of  a  taet 
plate  from  five  to  seventy-five  times  what 
would  be  required  without  it.  But  which  do 
you  prefer — a  picture  like  the  first  photo- 
graph, which  was  taken  in]'sOf  asecond,  ora 
picture  like  the  "Rayfiltergraph,"  exposed 


THE  RAVriLTBR. 

One  of  the  most  glaring  defects  of 
the  aver^^  landscape  or  marine  pho- 
tograph  is   its    blank,  expressionless 
sky.    Few  users  of  the  camera  take 
the  trouble  to  make  two  exposures  of 
a  subject  in  order  to  have  its  sky  on  a 
separate  plate  that  can  be  '*  printed  " 
in,  after  the  landscape  foreground  is 
printed  ;   and   yet  that  in  what  we  all  had 
to  do  before  the  introduction  of  the  "Ray- 
filter"  aa  an  adjunct  to  the  photographic 
outfit.    The  Raytilter  consists  of  two  disks 
of  finely   polished  plate  glass  mounted  in 
a  brass  ring,  and  so  separated  as  to  form 
a  cell,  which  can  be  filled  with  any  colored 
liquid.     Tiiis  cell  fits  over  the  lens  tube  of 
the  camera,  and  acts  an  a  color  screen,  filter- 
ing out  those   rays  of  light  which  act  so 
rapidly  upon  the  plate  as  to  overexpose  it 
in  one  part  before  another  part  has  receive<l 
any  impression  whalever. 


for  6  seconds?  The  two  figures  here  shown 
illustrate  the  whole  story  in  a  nutshell,  and 
show  conclusively  not  only  what  the  Ray- 
filter  can  do  but  what  it  dtfg  do. 

Tn  landscape  and  marine  studies,  in  snow 
scenes,  and  in  architectural  views  with  strong 
sunlight,  the  Rayfilter  fills  a  long-felt  want 
that  no  other  device  has  ever  before  been 
able  to  fill.  They  are  manufactured  by  the 
Bauscli  and  Lomb  Optical  Co.,  of  Rochester, 
N.  Y.,  who  will  gladly  furnish  any  additional 
information  required  as  to  the  details  of  this 
very  useful  little  it 


Note.— Hdi/rrw  if/  ifffcm 


»  MA  o\ 


i.    Ontg  iiHtrliiiKi  o!  general  inlcred  to  niir  Teivl/-\ 

H-m  be  OBniprmi. 
J'    JV'j  quFttitmf  inU  br  an^icrrfd  bv  maiL 
i,    Imtwingt  or  ihirliei'  mnlaining  qHetlloni'  ulii-iihl  I 

made  im  a  trjiaratf  tthrri  of  paper,  and  fboidd  bt  dratv 

ariieartua'poaiblr. 

iffi/mpani/  f  Ar  trften,  trr  ho  atteniiim  ieiU  be  paid  (u  /hen 
I'at'B  iMherielte  rrqtiritrd,  or  u-m  puUuA  onJif  lltr  Iniltu 
ftwi  ad*IreM  ^ftir  iPritrr. 

*,    Rrjerenee  lo  inqnirie*  pmrlniiidj/  annuxred  ntumi 
ffire  dale  iff  i*iae  and  HumbCT  /^  qufstlim, 

dralen  maybe  ordered  throvfjhthe  iiatra:slne. 

(I)  At  («)  tn  sketch,  we  have  »ii  g-inoh  Bquare, 
■Tea  orwhlrli  lE.  or  course.  64  niiiare  inches.  Cutting 
It  uponthe  linen  ehawn  and  flttlng  the  plecvc  together 
-  ■■  ■    we  get  a  Hgiire  13"  x  .^",  gLvIng  6ri 


mtaiaiiin  i/i«Wiuii»  to  be       retlnned  by  eiperli  In  iiioh  wnrk.    The  procetBof 

0  The  Mechanic  Arts       reUnnlng  tg  mibitantnaiy  the  eiiaie  for  nil  melala. 

The  surface"  to  be  tinned  are  flret  cleaned  with  acid, 

1  (Ac  envelope  and  al  (Ac  and  then  melted  (In  applied,  by  dipping,  pouring  on. 
sprinkling  on  -.  while  hot.  llie  (In  la  wiped  Binooth 
:lh  tow.  ((>)  Your.queitlons  on  elect roplallng  are 
a  comprehensive  for  this  department.  In  H<imk 
UDV  Kin  ELEtTHiCAi.  WoHKKBS,  June.  1B98,  there  Is 
L  article  devoted  to  the  subiect.    We  can  irefer  you 

"Modern  Eleelroplallng,"  bj'  J.  H.  Van  Home, 
"" "'    '         ■     '      "■       ~    ■     ■    il  supply  Co., 


1   nickel 


lould    t 


(3)  Id  a  double-cylinder  e-horsepower  gasoline 
engine.  In  which  the  pistons  uncover  the  eibaun, 
and  the  inlet  ports  are  one  after  the  other  (Slnii 
Blyle),  and  are  connected  to  the  carbureter  in  the 
tank  (Monitor  style)  by  a  ij-lnch  pipe,  and  with 
l)-lnch  exhaust  pipe  m>m  each  engine;  the  flame 
"carries  down"  and   explodes  Ihe  charge  In  the 

arrceler  between  Ihe  crank  chamber  and  the  pleton 
chamber  t"  prevent  this?  If  nol.  what  is  the  matter 
wllh  11?  The  engine  will  run  all  right  for  a  few 
minutes,  and  then  neems  lo  choke  up  and  usually 
uxplodesin  the  crank  chamber.and  stops,  (ft)  What 
"''-''  exhaust  pipe  should  be  used  in  a  a-horsepower 
-—:leBBsnllne engine?   Also, what slieof suction 


n  the  ct 


it  depth  under  the  tt 


iiuld  the  < 


nd  of  th 


Ir-lnl 


pipe  be,  li 

AN9.-^n}  The  trouble  Is  probably  due  tn  an  insuf- 
flclent  supply  of  gasoline.  It  Is  not  customary  to 
place  a  valve  between  the  crank  chamber  and  the 
cylhider,  but  we  believe  it  has  been  done  with  good 

chamber  la  gas-light,  and  when  an  explosion  occurs 
In  the  chamber  turn  on  more  garoUne.  (b)  Make 
the  area  of  the  exhaust  pipe  V2  per  cenl.  of  that  of 
the  piston:   use  i-lnch  suction  pipe,    (i-l    At  least 


•Isleofaf&lrsisabownln  Fig.  (r).  In  which  Ihi 

sqaareinchisreadllyeeenlobediietotheattei  ^ ^ 

parallelogram  along  the  dlagiiual  of  the  rectangle.       of  large  bulldinga: 

This  question  and  answer  was  jmbllahcd  In  Uohe       "*■"•   '''"''■  "'  "' 

Siiov  MioA74N«.  i>ctober.  1897.    During  the  past  few 

weeks,  however,  the  same  question  haibeen  sent  In  by 

«>era1  of  our  readers,  Kwouldscemalmontunneces- 

•wy  lo  slate  that  no  area  can  be  oilher  Increased  or 

decreased  by  merely  cutting  it  Into  pieces.   The  total 

area  of  the  pieces,  however  arranged,  must  be  the 

■sine  as  that  of  the  original  tlgiire.    There  cannot 

po«ilbly  be  any  exception  lo  this. 


il  is  badly  u 


len'lckelisvrornolT.  hcforcre 
will  It  be  necessary  lo  remove 


kinds  of  stone  are  used  for  damp  courses? 
I<n  what  is  Ihe  dllfbrence  between  a  calstnn  and  a 
crib?  (e)  What  books  would  vnu  recommend  to  one 
who  wishes  lo  lit  himself  for  the  position  of  superin- 

W,  r.  H.,  Hammond.  Ind. 
Ans.— (a)  Bmall  areas  of  Ihe  soil  are  loaded  wllh 
pig  iron,  the  loads  being  allowed  lo  remain  tor  a 
considerable  lime— say  one  or  two  weeks— and  Ihe 
setllemenl  care  fully  observed  with  a  leveling  Inslru- 
ment.  Test  piles  arc  sometimes  driven  and  the  bear- 
ing power  of  the  soil  estimated  from  Ihe  pen etra lion 
under  a  given  hlow.  (6)  (juarry  water  is  a  term 
applied  lo  the  moisture  contained  In  atone  newly 
taken  from  the  quarry,  and  which  gradually  evap- 
orates when  exposed  to  Ihe  air.  (<■)  No  particular 
kind  of  Bloneia  used  for  this  purpose,  so  far  as  we  are 
aware.  Damp  courses— that  is.  courses  Intended  lo 
prevent  the  absorption  of  ground  waler  by  capil- 
'    '  ■  ■  in  asphalt,  t" 


aaltCf 


indluK 
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intact  through  the  joint.  Bee  Hoke  Study  fob  the 
BtHLDiNG  Trades,  January,  1898.  {d)  A  caiseon  is 
water-tight ;  and,  in  order  to  prevent  the  water  from 
entering  the  bottom  through  the  material  in  which 
it  is  being  sunk,  it  is  commonly  provided  with  an  air 
lock  during  the  process  of  sinking ;  see  Home  Study 
Maoazine,  October,  1897,  article  entitled  ••  Pneumatic- 
Caisson  Foundations."  Acribismerelyatimberstruc- 
ture  sunk  in  the  water,  and  filled  with  stone  or  other 
material,  {e)  "Elementary  Building  Construction," 
by  E.  J.  Burrell,  price  80  cents;  "Building  Superin- 
tendence, '  Part  I,  Masonry,'  •  Part  II,  Carpentry,' " 
by  F.  E.  Kidder,  price  $1.00;  "Building  Superin- 
tendence," by  J.  M.  Clark,  price  $3.00;  "Safe  Build- 
ing," by  L.  DeC.  Berg,  price  $5.00.  These  books  are 
for  sale  by  The  Technical  Supply  Co.,  Scran  ton.  Pa. 

(5)  I  have  a  fan  motor  for  an  18-volt  circuit,  on 
which  are  6  lamps.  The  motor  makes  2,000  revolu- 
tions per  minute ;  the  resistance  in  the  armature  is 
about  1  ohm.  I  want  to  wind  this  for  a  220-volt  cir- 
cuit, the  speed  to  remain  about  the  same.  What 
size  wire  must  I  use,  and  will  it  be  necessary  to 
change  the  wire  on  the  armature? 

L.  A.  K.,  Roxbury,  Mass. 

Ans.— If  we  understand  you  correctly,  you  have  a 
&n  motor  in  series  with  six  16-candlepower  lamps, 
on  a  llO-volt  circuit.  This  will  allow  about  2.6 
amperes  to  flow  through  the  motor.  To  use  it  on  a 
220-volt  circuit,  you  would  need  to  connect  in  series 
with  it  twelve  16-candlepower  llO-volt  lamps.  If  the 
insulation  of  the  motor  is  good  enough  to  withstand 
an  E.  M.  F.  of  220  volts,  your  motor  will  operate  as 
well  under  the  latter  conditions  asunder  the  former. 

*  * 

(6)  (a)  How  is  the  striking  force  of  a  steam  ham- 
mer figured  out?  (6)  What  is  the  force  of  the  blow 
that  an  ordinary  man  ran  strike  with  a  30-pound 
sledge  hammer?  (c)  What  force  will  it  take  to  break 
a  cant-steel  roll,  7  reet  between  neck?,  and  22  inches 
in  diameter  at  the  middle,  which  is  also  the  weakest 
part?  Show  how  this  is  worked  out.  (d)  Let  me 
nave  the  titles  of  any  books  you  know  of  treating 
upon  the  above  subjects. 

R.  B.,  Youngstown,  Ohio. 

AN8.— Let 

jr=  weight  of  hammer  in  pounds ; 

V  =-  velocity  of  hammer  in  feet  per  second, 

when  it  encounters  the  nail  or  other 

resistance ; 

*  «  distance  which  the  nail,  the  pile,  or 

whatever  is  struck,  is  driven  ; 

/*»>  striking  force. 

The  energy  of  the  hammer  when  it  encounters  the 

Wrfl 
resistance  is  .,  — ;  and  the  work  done,  which  must  be 

eqnal  to  this  stored  energy,  is  the  product  of  the 
striking  force  F,  and  the  distance  8,  through  which 
this  force  is  exerted  ;  hence, 

W  i^      „         „       Wtfi 
64.32  =^*'°'^=  w:32«- 
(6)  It  is  apparent  that  the  striking  force  depends 
entirely  on  the  character  of  the  resistance  which 
the  hammer  encounters,  and  not  on  the  effort  of  the 
man ;  thus,  if  the  hammer  strikes  a  large  mass  of 
metal,  the  distance  a  will  neces.'iarily  be  small,  and  F, 
the  force,  will  be  very  great ;  if,  on  the  other  hand, 
the  hammer  should  be  driven  into  some  yielding 
substance,  the  distance  8  would  be  comparatively 
large,  and  the  force  F  correspondingly  small,    (c) 
The  breaking  load  may  be  determined  from  the  fol- 
lowing formula  : 

if=.0982D»S. 
where  if  *=  bending  moment  of  the  load : 

D  —  diameter  of  the  roll ; 
5  =  the  modulus  of  rupture. 
'  In  this  case  the  bending  moment  is  ^  Wl,  where  W 


is  the  load,  and  I  Is  the  length  of  the  roll  between 
supports.  Sincei  =  84inchefl,  Jf  =  iX84  >r—21  ir= 
.0982  D"  S.  The  modulus  of  rupture  depends  on  the 
quality  of  the  steel,  and  is  quite  variable.  Probably 
for  the  quality  of  steel  in  question,  the  value  is  not 
far  fbom  100,000  pounds  per  square  inch.  Using  this 
value, 

.0982X22X100^  ^,,^200  lb.. 


W> 
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or,  practically,  5  million  pounds.  This  load  is  sup- 
posed to  be  gradually  applied ;  if  the  load  is  sud- 
denly applied,  that  is,  if  it  is  dropped  upon  the  roll, 
it  would  need  to  be  but  one-hiailf  of  the  gradually 
applied  load,  or  2|  million  pounds,  (d)  We  know  of 
no  book  treating  exclusively  on  these  subjects. 
"The  Mechanics  of  Engineering,"  by  Church,  con- 
tains considerable  information  on  these  and  allied 
subjects,  and  is  in  other  respects  a  good  book  to  have 
in  one's  possession ;  it  is,  however,  quite  mathe- 
matical. 

*  * 

(7)  (a)  Why  can  a  planet's  satellites  be  seen 
more  distinctly  with  the  aid  of  a  mirror  than  when 
viewed  directly  with  the  naked  eye?  {b)  Is  the  sun 
at  the  present  time  undergoing  changes  similar  to 
those  that  the  earth  went  through  during  its  forma- 
tion? (c)  If  an  electric  current  is  directed  into  a 
pool  of  water,  is  it  possible  for  a  person  to  be  injured 
oy  placing  the  hand  in  the  water? 

A.  A.  G.,  Clyde.  Ohio. 

Ans.— (a)  It  is  not  possible  to  see  a  planet's  satel- 
lites, either  with  the  naked  eye  or  with  the  aid  of  a 
mirror.  If  we  view  a  planet,  say  Jupiter,  in  a  mirror, 
two  small  bright  spots  are  seen,  one  on  each  side  of 
the  image  of  the  planet ;  these  bright  spots  are  some- 
times mistaken  for  the  images  of  the  planet's  satel- 
lites, but  this  is  simply  an  optical  illusion.  If  the 
planet  is  examined  through  a  small  telescope,  it  will 
be  seen  that  the  position  of  its  satellites  does  not  at 
all  correspond  to  the  position  of  the  bright  spots  in 
the  mirror.  (6)  Yes:  the  sun  is  now  undergoing 
changes  similar  to  those  through  which  the  earth 
passed  in  former  ages,  (c)  The  conditions  liable  to 
exist  in  such  a  case  make  it  possible  to  answer  this 
question  both  in  the  affirmative  and  in  the  negative. 
If  the  pool  of  water  has  an  unlined  excavation  for  iti^ 
containing  basin,  then  the  path  directly  to  the 
grotmd  would  be  of  such  low  resistance  as  to  make 
the  alternative  shunt  circuit  through  the  body  of 
infinitely  higher  resistance  in  comparison.  If  one 
wire  in  a  grounded  circuit  is  led  into  a  pool  of  water 
which  is  contained  in  a  concrete-  or  stone-lined 
basin,  it  is  possible  to  offer  a  path  of  comparatively 
low  resistance  to  earth  through  the  body.  Should  a 
high  difference  of  potential  exist  between  the  two 
wires  in  the  circuit,  powerful  physiological  effects 
might  ensue. 

(8)  I  have  been  solving  some  of  the  examples 
in  the  early  numbers  of  Home  Study  Magazine. 
Answers  to  Inquiries  department,  and  am  somewhat 
disappointed  in  not  obtaining  the  answers  given. 
For  instance,  in  answer  to  question  No.  61,  July. 
1896,  issue,  how  do  you  get  the  70  pounds  for  the  M. 
E.  P.  "on  the  steam  end  of  the  pump  referred  to  the 
area  of  the  low-prewoire  cylinder  "  ?  I  have  similar 
trouble  with  Question  No.  2  in  the  February,  1898. 
issue.    Please  explain  these  fully. 

F.  F.  H.,  New  York,  N.  Y. 

Ans.— The  first  of  the  questions  you  refer  to  is  as 
follows : 

"  Will  a  single  compound-condensing  pump,  of  the 
dimensions  given  below,  discharge  500  gallons  per 
minute  against  a  head  of  275  pounds  per  sauare  inch 
(including  friction  in  the  water  pipes)?  If  so,  what 
is  the  mai^n  of  power  over  resistance?  Dimensions 
of  the  pump  are :  high-presmire  cylinder.  14  inches  in 
diameter;  low-pressure  cylinder,  26 inches  in  diam- 
eter;  plunger,  10  inches  in  diameter.    The  gauge 
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St  given  1b  of  rollaws : 
"The  Kilullon  jrou  oflered  whs  not  correct,  since 
ibe  prcnarcK  In  the  c^llniler  nuule  no  utlovaQce 

ictually  takes  place.  The  mean  efftecltva  presmre 
on  the  Hteam  end  of  the  pump,  refeiTed  Co  tbe  area 
of  the  low-preemre  cylinder,  »fter  allowin(t  a  small 
per  cent,  for  loanea  In  friction  in  panrage  from  the 
hiBh-prewure  cyllnilfrto  the  condenter.  is  70  poaniJs. 
riiia,  multiplied  by  the  area  of  the  low-pressure  pl«- 
lon  (530.9  «q.  In.)  and  the  piston  speed  In  feet  per 
ininule  1153.2).  and  theresult  divided  by  83,000,  gives 
the  1.  U.  V.  of  the  pump,  which  Is  round  to  be  172.5. 
The  piston  speed  Is  determined  from  the  formula 
.s—  ~~s~-f  "'hen  15  pet  cent,  of  the  tbeoredeal  dis- 
cbarge la  added  to  allow  for  slip.  In  this  formula. 
d  =  diameter  of  plnngei  in  inches ;  0  —  discharge  In 
gallons  per  minute,  and  S^,  plunger  (or  piston) 
speed  In  feet  per  minute.    Substituting  the  values 


=  153.2  feet  per  minute,  nearly. 


'.'75  X  I.8M  ^  e33,e  feetl  Is  equal  to  the  weight  of  BOO 
gallons  multiplied  hy  the  height  to  whleb  It  la  lalsed 
and   the  result  divided  by  3»,000 ;    that  Is.  H.    P. 

,„u™i.™-><|gil!M.„.™,    0.11,,   ,, 

Slip,  leaks,  etc.,  this  Is  but  perhaps  75  per  cent,  of 
H.  P.  required.  Then,  ^'^  =  Ufl  =  actual  H.  P. 
.  172.S- 107.0 


rcqDlred.  allowing  for  losBca.     And  - 
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n  per  cent,  (nearly),  or  the  per 
able  above  that  required  to  raise  500  gallons  against 
a  prawure  of  2T&  pounda  Hovr,  the  average  total 
static  pressure  exerted  by  bolb 


AssuBie  to  start  with  that  the  pressure 
higb-pressure  cylinder  Is  tbe  full  boiler  p 
lai  pounds,  and  neglect  the  losxes  due  to  co 
.    TcelsCance   of  valves  and   passages,    i 


nlKy.  I 


t   be  a 


,    In 


cylinders,  but  theoretically  Ihli  will  not  affect  the 

paasea  directly  from  the  high-pressure  into  the  ]ow- 
pnaaure  cylinder.  Let  r,  and  b,  denote  rtspectlvelv 
the  volume  of  the  high-pressure  and  lhelow-prc«ore 
cylinders.  Slneclbereisno  cut-off  In  either  cylinder, 
tbei«  Is  at  the  beginning  of  the  stroke  a  volume  v,  at 
steam  nt  boiler  prewure  (134.7  pounds  per  square 
Inch,  abmlute)  acting  against  the  low-prcvunre 
piiton  ;  at  the  end  of  the  stroke  this  steam  tills  the 
law-preaKire  cylinder,  and  has  therefore  a  volume 


^  - 131,7  X  „-^  = 


since  the  volumes  r,  and  u,  are  proportional  to  the 
squares  of  tbe  diameters.  Now,  the  Iheoretlral  work 
of  the  engine  Is  the  same  as  if  the  steam  had  entered 
the  loB-preSBUre  cylinder  at  boiler  pressure,  and  had 
expanded  to  the  terminal  pressure,  S9  pounda;  and 
Che  diagram  for  the  theoretlral  work  Is  that  shown 
la  the  flgute-     Tbe  well   known   formula  for  the 

Work  -Piti+piP,log.^-p.i4: 

-  Pi  '1  -I-  Pi  1^  log.  S  -  p,  n, ; 

-^Ip.(i  +  108.^)-P.|' 

le  mean  prevure 
Ihetbi        ■    ■--  -  - 

Is  given  bythoexpre«lonpi/l-|-log,^Wp,,  where 
p.  Is  thecondenser  pressure,  namely.  14.?  x  ^  ~ 
4.41  pounds  per  square  inch.    Substituting, 

M.  EP.  -  89^1 -Hog. -^-^i  — MI- 
SS lb.  per  sq.  In.,  nearly. 

This  M.  E.  P.  cannot,  of  course,  be  realized  In 
practice,  on  account  of  the  various  lossee  to  which 
the  steam  la  subjected  during  lis  passage  through  the 
cylinders.  If  we  assume  85  per  cent,  as  the  ratio  of 
(he  aclual  to  the  theoretical  M.  E.  P,  (this  rallo  Ik 
ralher  high  for  thii  type  of  engine),  tbe  aclual 
U,  E.  P.  Is  SS  X  -S5  —  70.5,^  pounds  per  square  inch. 
The  second  question  and  answer  you  refer  to  are  as 
follows : 

'■{o)  I  have  a  duplex  compound-condensing  pump 
with  steam  cylinders  14  Inchen  and  2H  iuehir  and 
water  cvlindeni  13  Inches  In  diameter,  all  with  a 
stroke  of  18  Inches.  The  pump  works  agaluKi  an  aver- 
age water  pressure  of  fio  poiuids  per  square  Inch,  with 
an  averngv  suction  of  s  feet.  The  steam  prewnre  at 
the  puran  Is  35  pounds,  at  the  boiler  80   pounds, 

respectively,  10.  20.  and  40  mv.>lutlont  per  minute? 
(t>)  Wlih  a  water  pressure  oflOO  pounds  there  Isa 
pressure  of  60  poniid*  In  the  steam  chest.  What  Is 
tbe  horsepower  for  these  pressures?  " 

"AN9.--(a)  Computing  the  horsepower  from  the 
pressure  against  which  tbe  pump  works,  anrt  allow- 
ing 20  per  cent,  of  the  total  power  for  frictlonal 
losses,  Ibe  pump  requires  18  horsepower  to  drive  It  at 
10  revolutions  per  minute,  3fi  horsepower  at  20  revo- 
lutions, and  7i  borBCpower  at  40  revolutions.  (6) 
Computing  the  power  In  the  same  way  aa  before,  the 
horsepowers  will  be :  for  10  revolutions  30  horse- 
power, for  20  revolutions  80  horsepower,  and  for  40 
revolutions  120  horsepower." 

Tbe  reinilts  are  given  In  round  numbers,  but  are 
practically  correct.  The  total  preacure  agalntl 
which  tbe  pump  piston  works  la  BO  -I-  (.43  x  S)  =  61  ,.1 
pounds  per  square  Ineb.  The  area  of  the  IS-lnch 
cylinder  Is  182,73  square  Inches.    Using  the  formula 


I,   tor  1 


evolul 


s  per 


61.3 


LH_x 


2.73X2X10 


For  two  cylinders,  the  horsepower  Is  7,4  X  2  —  14.S. 
The  answer  should  read  ■-  allowing  20  per  cent,  of  the 
vrt  hnraepower."  Inptesdof  "20  per  cent,  of  the  (o(at 
horsepower."  Adding  20  per  cent.,  (he  loial  horse- 
power is  11.8  H.  P.  X  1.20  =  17.7tt  H,  v.,  or.  In  round 
numbers,  18  H.  P.  The  other  answers  (tillow  directly 
from  this. 
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(9)  (a)  In  order  to  face  up  the  end  of  a  ibaft  in 
a  lathe  a  side  tool  has  to  be  used.  To  face  both  ends 
it  is  necessary  to  have  two  tools— a  right-hand  and  a 
left-hand  tool.  What  I  want  to  know  is,  which  of 
the  two  is  the  right-hand  tool.  Is  it  the  one  that  has 
the  cutting  edge  on  the  right-hand  side,  or  is  it  the 
one  that  faces  the  right-hand  end  of  the  shaft?  (b) 
Is  there  any  such  thing  as  an  '*  0  0"  bend  that  is 
used  in  mechanics?  (c)  If  a  fish  weighs  1  pound  in 
air  and  it  is  placed  in  10  pounds  of  water,  what  will 
be  the  weight  of  the  two  together  ?  (d)  Is  the  actual 
weight  of  a  vessel  equal  to  its  displacement?  (e)  1 
notice  that  in  the  steam  cylinders  of  some  pumps 
there  are  four  steam  ports,  two  at  each  end  of  the 
cylinder,  the  exhaust  port  being  in  the  middle,  as 
usual.  What  are  the  two  extra  live-steam  ports  for? 
I  think  the  portx  have  communication  with  each 
other  at  each  end  of  cylinder.  (/)  Is  there  such  a 
thing  as  a  leff-hand  engine? 

J.  P.  8..  Frackville,  Pa. 

Ans.— (a)  The  right-side  tool  is  the  one  used  for 
facing  the  right-hand  end  of  the  shaft.  (5)  An 
"  OG"  (commonly  spelled  ogee)  bend  is  one  having 
the  form  of  an  ogee  curve,  which  may  be  described 
as  two  curves  combined  so  as  to  curve  in  opposite 
directions— in  other  words,  a  reverne  curve,  (c)  11 
pounds,  id)  See  Home  Study  Magazine,  November, 
1898,  and  December,  1898,  Answers  to  Inquiries,  Nob. 
470  and  503.  (e)  The  accompanying  figure,  which 
shows  one  of  the  steam  cylinders  of  a  Worthington 
duplex  pump,  shows  the  arrangement  of  ports  about 
which  you  inquire.  In  a  direct-acting  steam  pump, 
the  valve  has  neither  outside  nor  inside  lap,  and 
consequently  steam  follows  the  piston  at  full  pres- 
sure, and,  if  no  special  provision  were  made,  there 
would  be  no  compression  at  the  end  of  the  stroke  to 
prevent  the  piston  from  striking  the  cylinder  heads. 
Referring  to  the  figure,  the  two  ports 
a,  a  are  the  ports  which  admit  live 
steam  to  the  cylinder,  while  ports  6,  b 
serve  to  lead  the  exhaust  fW>ni  the 
cylinder  to  the  usual  exhaust  port. 
When  the  piston  nears  either  end  of 
its  stroke,  it  covers  the  port  b  of  that 
end,  thus  preventing  the  escape  of 
steam  through  the  exhaust ;  the  fteam 
remaining  in  the  end  of  the  cylinder 
after  b  is  covered  is  compressed  and 
acts  as  a  cushion,  which  prevents  the 
piston  fkx>m  striking  the  cylinder  head. 
In  the  larger  sizes  of  pumps  a  hole  is 
drilled  in  the  partition  between  the 
ports  a  and  b :  this  hole  is  provided  with  a  valve, 
which  can  be  given  sufficient  opening  to  allow  as 
much  steam  to  escape  from  a  into  b.  after  bis  covered 
by  the  piston,  as  will  allow  the  piston  to  complete 
its  stroke.  The  amount  of  the  opening  to  be  given 
to  this  valve  depends  on  the  pressure  against  which 
the  pump  is  working  and  the  speed  at  which  it  runs. 
If  the  pressure  is  high  and  the  pump  runs  slowly, 
a  larger  opening  is  demanded  than  when  the  oppo- 
site conditions  prevail.  (/)  By  "a  left-hand  engine" 
is  generally  meant  one  which,  when  looked  at  from 
the  cylinder  end,  has  the  crank  on  the  left-hand  end 
of  the  shaft,  in  which  case  the  crank-shaft  and  pil- 
low-block are  at  the  right  of  the  engine  bed. 

♦ 
*  * 

(10)  I  am  trying  to  fit  myself  for  a  position  as 
draftsman  in  an  architect's  ottice.  Will  you  kindlv 
give  me  the  name  and  price  of  a  good  tK>ok  on  archi- 
tecture— one  dealing  with  churches,  cathedrals,  and 
also  opera  houses?  I  want  the  book  as  a  help  to  rae 
in  makingdesigns.       E.  N.  H.,  Marseline,  Missouri. 

Ans.— No  one  book  will  give  you  the  information 
you  require  to  fit  yourself  for  a  position  as  architec- 
tural draftsman.  A  regular  and  systematic  conr'-e  of 
study  would  be  the  best  thing  we  could  recommend. 
Architectural  books  are  usually  very  expensive,  but 
the  following  few  are  comparatively  cheap:    *'  His- 


tory of  Architecture,"  by  Ferguseon,  17.60;  '•  History 
of  Architecture,"  by  Fletcher,  $4.50;  "History  of 
Architecture,"  by  Hamlin.  f2.00;  Gwilt's  Encydo- 
peedia  of  Architecture,"  117.50.  All  of  these  may  be 
obtained  fh)m  The  Technical  Supply  Co.,  Scranton, 
Pa.  Gwilt's  Encydopa^ia  is  the  only  complete 
treatise  on  theoretical  and  practical  architecture  in 
the  English  language,  but  its  methods,  though  valu- 
able, are  rather  antiquated. 

* 
*  * 

(11)  In  a  boiler  30  inches  in  diameter  by  10  feet 
long  in  which  there  are  twenty-two  3-inch  tubes,  (a) 
what  area  of  heating  surface  should  there  be?  (b) 
What  will  be  the  horsepower?  (c)  The  distance 
fVom  the  top  of  the  tubes  to  the  crown  of  the  bofler 
is  8  inches.  Will  2  inches  of  water  above  the  tubes 
be  sufficient?  {d)  How  much  water  will  the  boiler 
contain,  if  as  in  (r)?  (e)  What  grate  area  should  this 
boiler  have?  (/ )  How  many  cubic  inches  are  there 
in  a  5-inch  pipe  10  feet  long  ?  (a)  What  is  the  outside 
area  of  such  a  pipe?  J.  8.,  North  Adams,  Mass. 

Ans.— (a)  108  square  feet,  (b)  Not  more  than  k 
horsepower,  (c)  Yes,  if  you  take  care  to  Iceep  the 
water-line  constant.  The  available  steam  room  in' 
your  boiler  is  small,  and  on  opening  the  steam  valve 
the  glass  is  likely  to  show  a  higher  level  than  there 
really  is  in  the  boiler.  It  would  therefore  be  better 
to  keep  the  level  at  least  3  inches  above  top  of  tubes 
by  the  glass,  (d)  With  2  inches  of  water  over  top  of 
tubes,  31  cubic  feet ;  with  3  inches  of  water,  33  cubic 
feet.  («)  About  4  square  feet.  (/)  A  so-called  5-inch 
pipe  (actual  inside  diameter  5.045  inches)  10  feet  long 
contains  2.398.8  cubic  inches,  (g)  Although  by  •*  the 
outside  area  of  a  pipe  "  is  generally  meant  the  area 
of  a  circle  having  a  diameter  equal  to  the  outside 


_--Ph 


diameter  of  the  pipe,  we  presume  that  you  wish  to 
know  the  area  of  the  outside  surface  of  the  pipe. 
Here  are  both :  outside  area.  24.299  square  inches : 
area  of  outside  surface,  2,097  square  inches. 

»  * 

(12)  Kindly  publish  in  your  next  issue  a  fUU 
description  of  how  to  lay  a  railroad  track. 

L.  (i.,  Exeter,  N.  H. 

Ans.— We  do  not  answer  questions  of  this  charac- 
ter, as  the  answer  would  require  more  space  than  can 
be  afforded  in  these  columns. 

«  * 

(13)  (a)  What  is  the  horsepower  of  a  Day  type 
gas  engine  of  the  following  dimensions :  three  cylin- 
ders 3  inches  in  diameter,  3i-inch  stroke,  when 
making  50()  revolutions  per  minute  ?  (b)  What  is  the 
pressure  at  the  moment  of  explosion?  (c)  How  can 
the  pres^u^e  of  gasoline  be  raised  berore  being 
admitted  into  the  cylinder?  (d)  What  should  be  the 
si/>e  of  the  inlet  and  the  exhaust  ports  for  the  above 
Day  engine?  (e)  What  would  be  the  horsepower  of 
the  engine  described  in  Home  Sti'dy  Magazine, 
August.  1H9K.  Answers  to  Inquires,  No.  326,  if  it  were 
made  to  explode  every  revolution?  (/)  Show  how 
you  figured  out  the  horsepower  of  the  above  engine. 
ig)  dive  the  formula  by  which  to  figure  the  horse- 
power of  a  two-cycle  gas  engine. 

F.  R.  B.,  San  Francisco,  Cal. 

Ans.— (a)  3.5  to 5 horsepower,   (b)  About  180 pounds^ 
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(c)  By  means  of  a  pump,  (d)  Inlet  port  7.5  square 
inches,  exhaust  port  10  square  inches,  (e)  Twice 
that  given  in  the  answer.  The  horsepowers  given  in 
thi«  answer  should  have  been  -^  at  750  revolutions 
per  minute,  and  ^  at  1,000  revolutions  per  minute. 
A  two-cycle  engine  gives  twice  the  horsepower  of  a 
four-cycle  engine  of  the  same  dimensions  and  run- 
ning at  the  same  speed.  (/  and  g)  The  formula  for  a 
two-cycle  engine  is  as  follows : 

_D^XLXR 
"•'^•~       14.000      ' 
where    D  »  diameter  of  cylinder  in  inches ; 
L  »  length  of  stroke  in  inches : 
•        R  =  revolutions  per  minute : 
H.  P.  =  average  horsepower  delivered 
by  the  engine. 

(14)  (a)  What  are  the  formulas  used  for  flfi[uring 
the  sizes  of  the  inlet  and  the  exhaust  ports  of  two- 
cycle  gas  engines?  (b)  When  designinga  gas  engine, 
how  is  the  number  of  revolutions  per  minute  decided 
upon,  and  what  prevents  the  engine  ftom  running  at 
some  other  speed  ?  There  seems  to  me  no  reason  why 
every  variation  of  load  should  not  cause  a  corre- 
sponding variation  of  speed.    Q.  V.  S.,  Boston,  Mass. 

Ans. — (a)  Make  the  area  of  the  inlet  port  12  per 
cent.,  and  the  area  of  the  exhaust  port  16  per  cent.,  of 
that  of  the  cylinder,  (b)  The  following  formula, 
the  use  of  which  requires  a  knowledge  of  logarithms, 
represents  the  average  American  practice  in  this 
regard: 

Let-  R  =  number  of  re  volutions  per  minute ; 
H  =  nominal  or  catalogue  horsepower 
of  the  engine. 
Then,  for  a  four-cycle  engine, 

R^   ^-  • 
/f  •"  ' 

and,  for  a  two-cycle  engine. 

405 

The  nominal  horsepower  is  two-thirds  of  what  the 
engine  will  develop  when  working  at  its  fullest  capac- 
ity, as  when  using  natural  gas  or  gasoline  and  giv- 
ing an  explosion  at  every  revolution,  or  at  every 
other  revolution  if  it  is  a  four-cycle  engine.  The 
engine  is  prevented  from  running  at  some  other 
speed  by  a  governor. 

{ 15  )  What  is  the  best  book  you  know  of  on  marine 
engineering?  I  want  one  that  treats  very  fully  upon 
condensing  beam  engines,  such  as  are  used  on  the 
Sound  steamers.  F.  E.  D.,  I^rooklyn,  N.  Y. 

AN8.— To  the  best  of  our  knowledge  there  is  no 
book  in  the  market  that  devotes  space  to  a  thorough 
description  of  the  condensing  beam  engine.  A  short 
deecription  of  the  general  features  may  be  found  in 
Appleton's  '*  Encyclopeedia  of  Applied  Mechanics." 
X  good  book  on  general  marine  engineering  is 
Seaton'tf  "  Manual  of  Marine  Engineering,"  pnce,  $6. 
It  can  be  obtained  of  The  Technical  Supply  Co., 

Scran  ton,  Pa. 

* 

(16)  (a)  What  are  the  methods  of  obtaining  time, 
latitode,  and  azimuth  ftom  the  heavenly  bodies? 
(6)  How  are  the  stresses  in  the  various  members  of  a 
tmssed  bridge  calculated?  (c)  It  is  said  that  ordl- 
narv  glass  can  be  cut  to  any  required  shape  with  an 
ordinary  pair  of  scissors  if  the  cutting  is  done  under 
water — that  is,  if  the  glass  is  held  under  water.  Is  this 
so,  and  why?       W.  A.  J.,  Auckland,  New  Zealand. 

Anp. — (a)  The  description  of  the  several  methods 
employed  for  finding  time,  latitude,  and  azimuth 
would  fill  a  volume,  and  consequently  cannot  be 
given  in  these  columns.  We  would  advise  you  to 
consult  some  work  on  navigation,  such  as  "The 
Elements  of  Navigation,"  by  W.  J.  Henderson, 
price  fl.    For  sale  by  The  Technical    Supply  Co., 


Scranton,  I*a.  (6)  By  applying  the  principle  of 
moments.  They  are  also  determined  by  constructing 
graphical  diagrams  based  upon  the  conditions  of 
static  equilibrium.  It  would  be  impossible  to  describe 
either  process  in  detail  here,  (c)  We  do  not  know, 
but  suggest  that  you  try  the  experiment  yourself. 

»  » 
(17)    Please  show  how  a  semicircle  can  be  bisected 
by  a  line  parallel  to  the  diameter.    Give  geometrical 
and  also  algebraic  proof. 

J.  R.  B.,  Fredericksburg,  Va. 

Ans.— Let  the  number  of  degrees  in  the  angle  AoB 
be  denoted  by  n,  and  let  the  area  of  the  segment 
AoB  he  denoted  by  A. 
Then  the  area  of  the 
segment  AoB  is  given 
by  the  formula  (1) 

2  U80      J  ■       /       ^^.^  r. 

where  n  is  the  ratio  of 

the  circumference  of  a 

circle  to  its  radius.    The  area  of  the  whole  circle 

is  ar*.    Therefore,  we  have 

This  equation  can  be  solved  only  by  trial ;  solving 
it  in  this  way.  we  get  angle  A  o  B  =  IZ29  20' ill" . 
From  this  value  of  the  angle  AoB,  we  get 
h  =  ..5960272  X  r.  Another  way  of  solving  this  prob- 
lem is  as  follows:  From  the  exact  formula  (1)  we 
can  derive  the  approximate  formula 


hence,  we  have 


a=imY';- 


.608; 


2r 


lA^-y  ^--.608- i  IT  T^. 

.Solving  this  equation  by  Homer's  method,  we  get 
h  =  .596  X  r.  We  could  obtain  the  value  of  A  to  a 
greater  number  of  decimal  places  by  Horner's  method ; 
but,  since  the  formula  is  only  approximate,  it  is  use- 
less to  go  beyond  the  third  decimal  place. 

* 

*  « 

(18)  I  have  a  dynamo  for  nickel-plating,  and  I 
cannot  get  any  current  from  it.  It  has  been  in  use  a 
long  while,  and  I  have  thought  that  perhaps  the 
magnets  have  lost  their  strength.  Is  this  likely,  and 
how  could  I  recharge  them  ?  I  have  a  battery  of  3 
George  Gray  cells  to  run  10  gallonsof  nickel  solution, 
but  the  articles  take  the  nickel  very  slowly.  I  must 
tell  you  that  I  am  green  at  the  nickel-plating  busi- 
ness, so  that  any' information  that  you  can  give,  or 
any  book  you  can  recommend  me  to  study  will  be 
appreciated.  A.  L.  K.,  Delaware. 

Ans.— A  shunt-wound  generator  is  the  best  style 
for  electro-plating.  It  is  not  possible  for  the  field 
magnets  of  such  a  machine  to  lose  their  strength, 
except  when  the  field  circuit  is  broken.  The  battery 
that  you  use  is  either  not  of  sufficient  current  output 
or  else  your  plating  solution  is  not  correctly  prepared. 
You  can  receive  expert  advice  in  this  matter  by 
writing  to  The  Zucken,  Leavitt  &  Loeb  Co.,  New  York, 
N.  Y.,  or  to  Max  Meyer,  121st  St.  and  2nd  Ave.,  New 
York,  N.  Y.  The  former  publish  a  book  entitled 
"  Practical  Plating  and  Polishing,"  a  copy  of  which 
is  given  to  their  patrons. 

*  ♦ 

(19)  In  an  ordinary  gravity  battery,  the  copper 
plates  become  heavily  plated  with  copper,  and  the 
zincs  are  eaten  up.  (a)  Of  what  is  the  sediment 
found  at  the  bottom  of  these  batteries  composed? 
(6)  What  is  Its  commercial  value?  (c)  What  is  the 
market  value  of  red  oxide  of  copper,  black  powdered 
oxide,  and  black  granulated  oxide? 

J.  W.  K.,  Chariton,  la. 

Ans.— (a)  When  the  conditions  given  above  pre- 
vail, very  little  of  the  sediment  will  be  precipitated. 
This  latter  phenomenon  occurs  most  prominently 
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when  the  cell  is  left  in  open  circuit,  thereby  allowing 
the  two  solutions  to  difif^ise  with  facility.  Upon  dif- 
fusion, the  atom  of  copper  in  the  molecule  of  copper 
sulphate  is  displaced  by  the  atom  of  zinc  in  the  zinc 
sulphate.  The  copper  so  displaced  is  deposited  in  a 
black  spongy  mass  upon  the  surface  of  the  zinc,  or  is 
precipitated  to  the  bottom  of  the  cell  as  battery 
"mud."  The  deposit  on  the  zinc  plate  converts  the 
cell,  in  a  measure,  into  one  with  two  copper  surfaces. 
A  small  proportion  of  this  mud  can  be  attributed  to 
impurities  in  the  zinc,  which  fall  to  the  bottom  of  the 
cell.  (6)  The  commercial  value  of  this  sediment  is 
flrom  about  9  to  11  cents  a  pound,  (c)  Red  oxide  of 
copper :  granulated,  13  to  16  cents  a  pound ;  precipi- 
tated, 40  cents  a  pound.  Black  oxide  of  copper: 
granulated,  13  to  20  cents  a  pound ;  precipitated,  40 
cents  a  pound. 

(20)  What  is  (a)  the  method  of  cultivation  of  the 
peppermint  plant?  (6)  the  process  of  refining  pep- 
permint oil?  (c)  the  Kind  of  still  used?  (a)  the 
estimated  amount  of  oil  produced  per  acre?  {e)  the 
market  value  per  gallon?  (/)  the  total  amount  dis- 
tilled per  annum  in  the  Unil^  States? 

T.  Q.  P.,  Detroit,  Mich. 
Ans.— There  is  an  exhaustive  article  on  this  subject 
in  Encyc.  Brltt.,  9th  Edit.,  under  ••  Peppermint."  You 
may  also  obtain  reliable  information  on  the  subject 
(torn  the  Department  of  Agriculture,  Washington, 
D.  C. 

(21)  What  is  the  principle  of  action  in  the  air 
chambers  on  a  modem  double-acting  pump? 

T.  F.  a,  Olypbant,  Pa. 
An8.— During  a  part  of  its  stroke  the  pump  dis- 
charges water  faster  than  the  average  flow  through 
the  discharge  pipe ;  the  extra  water  then  enters  the 
air  chamber,  and  compresses  the  air  therein ;  at 
other  parts  of  the  stroke  the  pump  discharges  less 
water  than  the  average  flow  through  the  discharge 
pipe ;  the  air  in  the  air  chamber  then  expands,  and 
forces  out  the  extra  water.  The  flow  through  the 
discharge  pipe  is  thus  kept  nearly  uniform,  and  the 
pump  is  preserved  fh)m  severe  Jars  and  shocks. 

♦ 
»  « 

(22)  Can  you  tell  me  why  the  flush  and  back  air 
connections  on  earthenware  closets  crack  off  when 
they  are  connected  with  rubber  elbows?  I  And  that, 
after  they  have  been  in  use  for  a  short  time,  no  mat- 
ter wliat  the  quality,  they  break. 

H.  C.  T.,  Plermont,  N.  Y. 

Ans.— A  flrst-ciass  horn,  attached  to  a  flrst-class 
bowl  in  a  flrst-class  manner,  will  not  break  off  when 
a  flexible  rubber  elbow  joins  a  flush  pipe  to  the  horn. 
When  horns  do  break  off,  the  defect  lies  in  the  con- 
nection between  the  horn  and  the  bowl ;  in  plain 
words,  the  break  indicates  cheaply  made  goods,  and 
such  horns  are  simply  stuck  on  and  glazed  over. 

♦  *  ^ 

(23)  Kindly  give  me  the  titles,  authors,  and  prices 
of  books  relating  to  the  following  subjects:  (a) 
steam  pumps;  (6)  geometric  drawing;  (c)  steam- 
engine  design ;  (d)  problems  in  steam  engineering. 

C.  U.  F..  Moflne,  111. 
Ans.— (a)  "Pumping  Machinery,"  by  William  M. 
Barr,  price,  $5.00;  "The  Mechanics  of  Pumping 
Machinery,"  by  Dr.  Julius  Welxbach  and  Prof.  Gustav 
Herrmann,  translated  by  Karl  P.  Dahlstrom,  M.  E., 
price,  $3.75 ;  "  A  Practical  Handbook  on  Pump  Con- 
struction," by  Philip  R.  Bjorling,  price,  $1.50.  (6) 
'•  Drafting  Instruments  and  Operations,"  by  Prof.  8. 
Edward  Warren,  price,  $1.25;  "Elements  of  Machine 
Construction  and  Drawing,"  by  Prof.  8.  Edward 
Warren,  2  vols.,  price,  $7.50;  "Mechanical Drawing," 
by  Prof.  Chas.  W.  MacCord,  in  two  parts— Parti, 
"  Progressive  Exercises,"  price,  $2.60 ;  Part  II,  "Prac- 
tical  Hints   for  Draftsmen,"  price,   $2.50— the  two 


parts    complete     in    one    volume,     price,     $4.00 
"Mechanical    Drawing,"   by    Wm.   Minifle,   price 
$1.00 ;  "  Elements  of  Mechanical  Drawing,"  by  Gard 
ner  C.  Anthony,  price,  $1.50 ;  "  Mechanical  Graphics,' 
by  Geo.  Halliday,  price.  $2.00.    {c)  "  Steam-Engine 
Design,"  by  Jay  M.   Whitham.  price,  $6.00;  "The 
Relative  Proportions  of  Steam  Engines,"  by  William 
Dennis  Marks,  price,  $3.00 ;  "  Design  of  a  High-Speed 
Steam   Engine,"  by  Prof.  J.  F.  Klein,  price,  $6.00; 
"The  Steam  Engine,"  by  Arthur  Rigg,  price,  $10.00. 
(d)   "  Constructive  Steam    Engineering,"   by  J.  M. 
Whitham,  price,  $10.00;  "The  Mechanical  Engineer- 
ing of  Power  Plants,"  by  Prof.  F.  R.  Hutton,  price. 
$5.00 :  "  Experimental  Engineering,"  by  Prof.  R.  C. 
Carpenter,    price.    $6.00;     "A   Manual  of   Mifrlne 
Engineering,"  by  A.  E.  Seaton,  price.  $6.00.    Any  of 
the  above  books  will  be  sent,  po.stage  paid,  by  The 
Technical  Supply  Co.,  Scranton,  Pa.,  on  receipt  of 
price  named. 

(24)  (a)  Please  explain  the  Edison  series  arc 
dynamo.  How  does  it  generate  hi|th  or  low  voltage  ? 
(6)  When  designing  a  dynamo,  how  many  lines  of 
rorce  per  square  inch  is  generally  figured  on?  (c) 
What  is  the  principle  of  the  gyroscope  top? 

E.  A.  A.,  Granite  Falls,  Minn. 

Ans.— (a)  We  have  never  heard  of  the  Edison  series 
arc  dynamo.  Kindly  send  us  a  f\irther  descripton  of 
the  machine  you  refer  to.  (6)  General  practice  dic- 
tates the  following :  Density  in  teeth  of  slotted  arma- 
ture, 100,000  lines  of  force  per  square  inch.  Density 
in  magnet  core,  cast  iron,  40,000  to  50,000  lines  per 
square  inch;  cast-steel  and  wrought-iron  forgings, 
95.000  to  105,000  lines  per  square  inch.  Density  in 
yoke,  oast  iron.  30.000  lines  per  square  inch ;  cast  steel, 
75,000  lines  per  square  inch ;  wrought-iron  forgings, 
85.000  lines  per  square  inch.  Density  in  armature 
core,  drum  armatures,  85,000  to  90.000  lines  per  square 
inch;  ring  armatures,  100,000  to  110,000  lines  per 
Square  inch.  Where  the  percentage  of  compounding 
is  in  excess  of  normal  requirements,  it  is  bet>t  to  use 
slightly  lower  values  than  those  given  above,  so  as 
not  to  approach  saturation  at  large  loads,  (c)  See 
HoMB  Study  Magazine,  August,  1897,  Answers  to 
Inquiries,  No.  275. 

(25)  I  have  some  posts  to  put  down  in  a  heavy 
clay  soil;  they  are  to  form  the  foundation  for  a 
building.  On  putting  them  into  the  ground  in  the 
ordinary  manner.  I  find  that  they  heaved  up  with 
sufficient  force  to  lift  the  building  with  them.  How 
can  I  prevent  this,  and  what  is  the  cause  of  such 
peculiar  behavior?  The  posts  are  heaved  up  clear 
out  of  the  ground.  C.  A.  Y.,  Toronto,  Canada. 

Ans.- Having  only  the  scanty  information  given  in 
your  inquiry,  we  are  unable  to  form  an  opinion  of  what 
did  cause  the  heaving,  but  can  only  state  what  might 
have  caused  it.  If  the  post  holes  were  not  dug  below 
the  frost  line— which  varies  trom  3  to  6  feet  below  the 
surface,  according  to  the  section  of  the  country— it  Is 
more  than  postdble  that  the  upheaval  was  caused  by 
the  action  of  frof^t  on  the  large  quantity  of  water 
which  clay  always  contains.  On  this  account,  and 
also  because  of  its  liability  of  being  squeezed  out 
trom  under  a  wall,  clay  is  the  most  troublesome  to 
build  on  of  all  ordinary  soils.  There  are  other  pos- 
sible causes  for  the  heaving,  such  as  the  erection  of  a 
very  heavy  building  on  an  adjacent  lot,  or  pile  driv- 
ing operations  being  carried  on  close  by ;  but  all 
things  considered,  we  believe  the  one  given  to  be  the 
most  probable. 

*  * 

(26)  I  have  an  alternating-current  generator  built 
by  The  General  Electric  Co. :  It  is  tyne  A.  S..  Class  20, 
180  K.  W.  (a)  Kindly  explain  how  tne compound  on 
this  machine  is  connected  up.    What  I  mean  ia. 
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explain  the  connection  between  the  armature,  oom- 
mutator,  and  receiving  rings.  (6)  What  is  the  use  of 
the  trian^lar  coil  at  the  commutator  end  of  the 
armature?  (c)  In  an  alternating-current  generator 
where  the  currents  in  the  compound  are  generated 

S  independent  coils  in  the  armature,  what  causes 
e  current  in  these  coils  to  increase  as  the  load 
increases  and  compensate  for  loss  on  the  line? 

L.  J.  N.,  Kalamazoo,  Mich. 
A)(8.~(a)  The  commutator  serves  to  rectify  the 
current  induced  in  the  secondary  of  a  transformer 
whoM  primary  coil  is  in  series  with  the  load.  This 
rectified  current  is  led  through  windings,  called  the 
mries  fidd  vending,  which  is  placed  similarly  to  that 
of  a  direct-current  compound  machine,  {b)  This  cur- 
rent is  a  shunt  on  the  series  field,  and  by  altering  its 
length  the  d^ree  of  overcom pounding  or  undercom- 
ponnding  can  be  varied,  (c)  A  rise  in  load  causes  an 
increased  current  in  the  circuit  of  the  series  field 
winding,  thereby  maintaining  the  voltage  of  the 
machine. 

(27)    What  is  the  height  of  a  simple  pendulum 

Sivemor  whose  arms  are  1  inch  long,  wnen  mak- 
g  50  revolutions  per  minute? 

O.  8.  P.,  Lisbon,  Ohio. 
Am.— In  the  accompan3ring  figure,  AC  is  the  length 
<  of  the  governor  arm,  A  Bis  the  height  A,  and  BC=r 

is  the  dist^ce  of  the  ball  ftom 
the  axis  AO.  In  this  position, 
the  ball  is  acted  upon  by  three 
forces:  one,  the  weight  to  of 
the  ball  represented  by  C  D; 
a  second,  the  centrifugal  force 
represented  by  CE  and  whose 

magnitude  is ,  where  vis  the 

rg 

velocity  of  the  ball  in  feet  per 

second;  third,  the  pull  of  the 

arm  I,  which  must  be  equal  and 

opposite  to  the  resultant  CF  of 

the  two  forces  first  mentioned.  It 

is  evident  that  the  triangles  ABC 

and  CDF  are  similar;  hence, 

CD  _  CD        w_^  ^  rg 

FD~  CE^  wv^~  ?«' 


or. 


h  -  -^ 


t^g 


rg 


Let  >'s  the  number  of  revolutions  per  sectrnd,  and 
takethe  distances^  A,  and  r  in /set.  Then,v=c2iriyrr, 
and  t^  —  4  »•  A*  f* ;  hence. 


f^ff 


feet 


~^„  feet. 


In  the  present  case  A'=  |S ;  therefore, 

*-4X(8.m6^)«X(|»)'  ^•'**=  '-^  '**'  °*""'- 
This  discussion  shows  that  the  height  h  is  independ- 
ent of  the  length  of  the  arm,  and  depends  only  on 
the  speed  of  the  governor.  Since  h  must  be  1.2  feet, 
or  over  14  inches,  it  follows  that,  for  the  governor  to 
be  operative  at  the  given  speed,  the  arms  must  be  at 
least  14  inches  long ;  therefore,  with  arms  1  inch  long 
there  is  no  action  whatever,  and  the  question  pro- 
posed is  meaningless.  The  governor  will  become 
operative  when  the  height  h  is  just  equal  to  the 
length  I ;  that  is,  when  /i  >  1  inch  =»  ^  foot.   This  gives 

"  "  4  »«>»•  ^  ""  ir«  ~  (3.1416)* ' 

l/ 96  48 

^-^-r,^-  =  3.18  revolutions  per  second. 

0.1410 

or  about  188  revolutions  per  minute. 

»  * 
(28)    (a)  How  many  amperes  may  I  expect  A'om 
the  following  storage  battery  ?   Two  plates  4|  inches 
long  by  2  incnes  wide ;  the  thickness  I  cannot  give, 


whence  JV. 


as  the  plates  are  corrugated,  but  they  are  about }  inch 
apart.  (6)  I  want  a  spark  coil  for  igniting  coal  gas, 
to  weigh  not  more  than  2  pounds.  I  have  directions 
for  malcing  coils  weighing  fW>m  5  to  8  pounds,  but 
these  are  too  heavy.  S.  T.,  Houston,  Texas. 

Ans.— (a)  The  capacity  of  a  storage  cell  is  gener- 
ally given  in  ampere  hours,  not  amperes  alone.  For 
well  constructed  cells,  allow  4.5  ampere  hours  per 
pound  of  plate,  (b)  Make  a  core  of  iron  wire  6  inches 
long  and  1  inch  in  diameter.  Fit  a  wooden  flange 
I  inch  thick  to  either  end.  Wrap  the  core  with  two 
layers  of  tape,  or  some  other  insulator  of  like  thick- 
ness, and  then  wind  three-quarters  of  a  pound  of 
No.  16  B.  &  S.  double  cotton-covered  copper  wire 
evenly  on  the  core.  This  coil  will  weigh  no  more 
than  2  pounds,  and  will  give  satisfSactlon  if  a  current 
of  sufficient  strength  is  used. 

(29)  I  wish  to  know  how  to  build  a  direct-current 
dynamo.  I  have  built  one,  but  it  is  not  a  success ;  it 
is  on  the  Edison  plan  ;  the  enclosed  sketch  will  give 
vou  an  idea  of  its  proportions.  What  I  want  to  know 
is  how  to  proportion  and  design  such  a  machine. 

L.  J.  B.,  Nebraska  City,  Neb. 

Ans.— It  appears  that  the  armature  wire  and  the 
field  wire  are  each   too    small.     We  cannot  give 


SoftStee/  Core 


SoffCkJsf/ro/f    .^ 


farfchrcfoftl^oocferfSase^ 


DrumArmat 


Armafure  WireN^i 


definite  figures  without  Airther  details  of  the  arma- 
ture core,  but  would  suggest  No.  24  or  smaller  wire 
for  the  armature,  and  No.  27  for  the  field.  We  have 
no  criticism  to  make  on  the  other  details  of  the 
machine. 

*  * 
(30)    (a)  What  are  the  proper  dimensions  for  a 
kitchen-sink  grease  trap,  for  ordinary  family  use? 

(b)  What  is  the  best  method  of  cleaning  the  above? 

(c)  Is  the  foree-pump-and-mercurv-column  method 
the  best  for  obtaining  and  indicating  a  10-pound  air 
pressure  in  a  plumbing  system?  And  what  is  the 
cost  of  outfit?  (d)  Are  spring-gauge  pumps  desir- 
able for  the  above  purpose?  (e)  Isit  possible  to  so 
adju.<(t  this  latter  apparatus  that  it  gives  incorrect 
readings?  A.  B.  C. 

Ans.— (a)  The  dimensions  of  a  grease  trap  for  a 
kitchen  sink  in  a  private  family  depend  upon  the 
size  of  the  family  and  the  kind  of  cooking  that  is 
done.    For  an  ordinary  family,  in  a  house  of  10  rooms 
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or  less,  a  grease  trap  6  inches  in  diameter  by  lOiuches 
deep  is  commonly  used.  For  bouses  larger  and  a  grade 
better,  a  grease  trap  10  inches  by  14  inches  is  very  often 
used.  Probably  the  most  simple  method  for  deter- 
mining the  sizes  of  ordinary  grease  traps,  for  hotels 
and  apartment  houses,  is  as  follows:  Divide  the 
number  of  people  by  6  to  10  and  the  quotient  will  be 
the  capacity  of  the  grease  trap  in  gallons.  Of  course, 
a  great  deal  depends  upon  the  make  of  the  trap; 
some  are  better  intercepters  than  others,  because 
they  throw  the  grease  to  the  surface  where  it  solidi- 
flos ;  others,  again,  are  so  constructed  that  the  hot- 
M-ater-and-grcose  mixture  passes  almost  directly 
through  the  body  of  the  water  In  the  trap,  and  has 
neither  time  nor  chance  to  leave  the  grease  behind. 
(6)  Simply  unscrew  the  cap  or  bonnet,  and  scoop 
out  the  grease  and  other  solids.  Then  screw  the  cap 
on  again,  beuigsure  to  make  it  gas-tight.  (cand(/)Ye8. 
All  springgauges  should  be  condemned  for  this  work, 
because  they  are  60  liable  to  stick.  It  requires  con- 
siderable variation  in  pressure  to  move  the  parts  of 
an  ordinary  spring  gauge.  We  recommend  the  mer- 
cury gauge.  The  outfit  costs  about  $12.00.  (c)  Yes, 
but  it  is  not  easy  to  do  so.  If  you  suspect  trickery  in 
a  test,  just  unscrew  a  cap  at  the  far-away  end  of  the 
system,  and  let  down  the  pressure.  If  the  gauge 
still  shows  pressure,  then  the  nipple  is  plugged  up  or 
some  other  simple  trick  is  being  played. 

(31)    la)  Is  there  a  standard  length  of  thread  for 
steam  pipes?    If  so,  please  give  the  lengths  for  all 

commercial  sices  up  to 
12-inch  pipe,  ib)  In  the 
enclosed  sketch,  p  is  a 
piston  3  inches  in  diam- 
eter, fitted  with  the  valve 
V  1  inch  in  diameter.  If 
the  steam  pressure  on 
the  upper  side  of  piston 
is  80  pounds  per  square 
inch,  what  pressure  of 
steam  will  it  take  under 
the    valve   to    lift    the 

giston  ?    Kindly    show 
guring.        E.  W.  R., 

Belleville,  N.  J. 

Ans.— (a)  According 
to  Brigg-s  "Standard  of 
Wrought-Iron  Pipe  Dimensions,"  the  length  of  per- 
fect screw  thread  is  determined  by  the  formula 

-      .8  i>  4- 


4.8 
- 1 


n 


where      D  =  actual  outside  diameter ; 

n  =  number  of  threads  per  inch  ; 
which  gives  for  the  various  nominal  sizes  the  follow- 
ing values : 

i       i      I      *      J      I      U     U     2      2i     3 
.19    .29    .30    .39    .40    .51     .54    .55    .58    .89    .95 
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5 

6 

7 

8 

1.00 

1.05 

1.10 

1.16 

1.26 

1.36 

1.46 

9         10        11       12 
1.57     1.68     1.80    1.92 
(b)  The  total  pressure  on  the  valve  must  be  equal 
to  the  total  pressure  on  the  piston. 
Total  pressure  on  valve  -= 

area  of  piston  X  80  =  J  x  3  x  3  x  J^O. 

Total  pressure  on  piston  = 

area  of  valve  X  x—  ^XlXlXr, 

4 

in  which  x  =  pressure  per  square  inch  on  valve,  to 
be  found. 
£kiuating  these  two  pressures,  we  have 

9xTx80=''xa:; 
4  4 


or 


X  =^  9  X  80  =  720  pounds. 


(32)  Is  there  a  book  published  which,  if  thor- 
oughly mastered,  will  enable  a  railroad  pile  inspector 
to  distinguish  white  oak  fhim  any  other  timber  under 
any  and  all  circumstances?  If  there  is,  give  me  the 
name,  price,  and  where  it  is  on  sale. 

J.  B.  G.,  Fort  Smith,  Ark. 

Anh.— The  only  book  that  we  know  of  giving 
specific  and  reliable  information  on  this  subject  is 
"The  Materials  of  Construction,"  by  Prof.  J.  B. 
Johnson,  price  S6.00;  for  sale  by  The  Technical 
Supply  Company,  Scrantori,  Pa.  The  portion  of  this 
book  relating  to  timber,  however,  is  taken  chiefly 
from  Bulletin  10,  of  the  U.  S.  Forestry  Division, 
Department  of  Agriculture,  1895;  B.  E.  Temon,  Chief 
of  the  Division. 

(33)  (a)  Kindly  inform  me  how  I  can  make  a 
perfectly  pure  snap  containing  a  large  percentage  of 
glycerine,  for  toilet  use.  I  wish  to  do  this  at  home. 
I  am  somewhat  enthusiastic  on  the  subject  of  soap, 
but  confess  that  I  do  not  know  what  constitutes  a 

Sure  soap.  I  need  a  very  cleansing  article,  as  my 
ands  get  very  grimy  at  my  work.  (6)  How  can  I 
make  a  safe  and  durable  electric  heater  for  (1)  a  500- 
volt  circuit  and  (2)  a  100- volt  circuit? 

Miner,  Forest  Hill  Divide,  Cal. 

Ans.— (a)  Glycerine  soap  may  be  prepared  by  melt- 
ing Castile  soap  and  mixing  with  it  about  ^  part  of 
its  weight  of  pure  glycerine ;  or,  it  may  consist  of  the 
following : 

Tallow  (mutton) 441b. 

Cocoanutoil 44  lb. 

C^a^toroil 22lb. 

Glycerine  221b. 

Caustic  lye 271b. 

Alcohol  (96°) • 48.4  1b. 

Water 9.9  lb. 

Melt  the  grease,  and  add  the  caustic  lye  slowly, 
keeping  the  temperature  low,  say  about  100°  F.,  to 
prevent  evaporation,  and  stir  constantly.  When  the 
lye  has  become  absorbed,  after  about  3  or  4  hours' 
stirring,  add  the  alcohol ;  stir  until  it  becomes  clear, 
then  add  the  glycerine,  and,  when  mixed,  the  water. 
This  latter  recipe  is  highly  recommended ;  we  have, 
however,  never  tried  it  personally,  and  would  advise 
you  to  try  it  first  with  small  quantities,  or  use  the 
first  recipe,  (b)  Make  an  iron  fitime  and  wind  on  it 
750  feet  of  No.  16  B.  <&  S.  gauged  galvanized-iron 
wire.  Insulate  the  wire  from  the  frame  with  asbestos. 
This  heater  is  designed  for  use  on  a  100- volt  circuit. 
For  a  500- volt  circuit,  connect  five  such  heatars  in 
series,  or  wind  one  with  five  times  the  amount  of 
wire  of  the  same  size. 

* 

CW)  (a)  What  is  the  lowest  pressure  that  will 
cause  gasoline  to  explode  in  a  gasoline  engine?  (6) 
Is  it  possible  to  pump  sufficient  gas  into  the  cylinder 
of  a  gasoline  engine  (the  engine  being  on  dead  cen- 
ter) to  insure  starting  with  single  explosion— the 
engine  first  being  turned  over  to  favorable  position? 
(r)  Why  is  it  impossible  to  make  a  double-stroke 
gasoline  engine  when  using  but  one  cylinder? 

J.  R.,  Kanopolis,  Kan. 

Anh.— (a)  Pressure  alone  will  not  ignite  gasoline. 
Compression  of  a  mixture  of  gasoline  vapor  and  air 
will,  if  carried  far  enough,  produce  a  temperature 
suftlciently  high  to  fire  the  mixture.  The  pressure 
required  in  such  a  case  is  in  the  neighborhood  of  500 
pounds  per  square  inch.  (6)  Yes,  if  properly'  man- 
aged, and  the  engine  is  started  without  a  load,  (c) 
We  understand  you  to  mean  an  engine  giving  two 
explosions  to  each  revolution.  Such  an  engine  is 
undoubtedly  possible,  but  there  are  many  mechan- 
ical difficulties  in  the  way,  which  a  study  of  the  gas 
engine  will  soon  make  clear  to  you. 


WHERE  THERE'S  A  WILL  THERE'S  A  WAY. 


"  \A/**^^^  there's  a  will  there's  a  way," 
VV  is  jnet  as  true  of  educational  aa  of 
any  other  pursiiita.  Sir  JoEhua  Rey- 
nolds was  80  earnest  a  believer  in  the  force  of 
industry  that  he  held  that  all  men  might 
achieve  excellence  if  they  would  but  exen^ise 
the  power  of  aaaidaoas  and  patient  working. 
He  held  that  drudgery  lay  on  the  road  to 
genius,  and  that  there  was  no  limit  to  the 
pro6ciency  of  an  artist  esrapt  the  limit  of 
hie  own  painstaking.  He  would  not  believe 
in  what  ia  called  inspiration,  but  only  in 
study  and  labor.  "Excellence,"  he  said, 
"  is  never  granl«d  to  man  but  as  the  reward 
of  labor.  If  you  have  great  talents,  industry 
will  improve  them  ;  if  you  have  but  moder- 
ate abilities,  industry  will  supply  their  defi- 
ciency. Nothing  is  denied  to  well-directed 
labor;  nothing  is  to  be  obtained  without  it," 
Sir  Fowell  Buxton  was  an  equal  believer  in 
the  power  of  study ;  and  he  entertained  the 
modest  idea  that  he  could  do  as  well  as  other 
men  if  he  devoted  to  the  pursuit  double  the 
time  and  labor  that  they  did.  He  placed 
hia  great  confidence  in  ordinary  means  and 
extraordinary  application. 

"  1  have  known  several  men  in  my  life," 
soys  Dr.  Ross,  "  who  may  be  recognized  in 
the  days  to  come  as  men  of  genius,  and  they 
were  all  plodders,  hard-working,  intent  men. 
Genius  is  known  by  its  works  ;  genius  with- 
nal  works  is  a  blind  faith,  a  dumb  oracle. 
Bat  meritorious  works  are  the  result  of  time 
and  labor,  and  cannot  be  accomplished  by 
intention  or  by  a  wish.  Every  great  work 
ia  the  result  of  vast  preparatory  training. 
Fadlity  comes  by  labor.  Nothing  seems 
easy,  not  even  walking,  that  was  not  diffi- 
cult at  first  The  orator  whose  eye  flashes 
instantaneoos  fire,  and  whoee  lips  pour  out  a 
flood  of  noble  thoughts,  startling  by  their 
aaeipectedness  and  elevating  by  their  wis- 
dom and  truth,  has  learned  his  secret  by 
patJent  repetition,  and  after  many  bitter 
diaap  pointmen  ts . " 

Thoroughness  and  accuracy  are  two  prin- 
cipal  points    to    be    aimed    at    in    study. 


Francis  Horner,  in  laying  down  rules  for 
tbe  cultivation  of  Ins  mind,  placed  great 
stress  upon  the  habit  of  continuous  applica- 
tion to  one  subject  for  the  sake  of  mastering 
it  thoroi^lily ;  he  confined  himself  with  this 
object  to  only  a  few  books,  and  resisted  with 
the  greatest  firmness  "  every  approach  to  a 
habit  of  desultory  reading."  The  value  of 
knowledge  to  any  man  consists  not  in  ita 
quantity,  but  mainly  in  the  good  naes  to 
which  he  can  apply  it.  Hence,  alittle  knowl- 
edge of  an  exact  and  perfect  character,  is 
always  found  more  valuable  for  practical  pur- 
posee  than  any  extent  of  superficial  learning. 

By  spreading  our  efforts  over  too  large 
a  surface,  we  inevitably  weaken  our  force, 
hinder  our  progress,  and  acquire  a  habit  of 
fitfulnesa  and  ineffective  work.  Lord  St. 
Leonards  once  communicated  to  Sir  Fowell 
Buxton  the  mode  in  which  he  had  conducted 
hia  studies,  and  thus  explained  the  secret  of 
hifi  success :  "  I  resolved,"  said  he,  "  when 
banning  to  read  law,  to  make  everything 
I  acquired  perfectly  my  own,  and  never  to  go 
to  a  second  thing  till  I  had  entirely  accom- 
plished the  first.  Many  of  my  competitors 
read  aa  much  in  a  day  as  I  read  in  a  week  : 
but  at  the  end  of  twelve  months,  my  knowl- 
edge waa  as  fresh  as  the  day  it  was 
acquired." 

This  unconquerable  determination  to  mas- 
ter whatever  subject  is  taken  in  hand,  ia  illus- 
trated by  numberless  examples  in  American 
history.  The  lives  of  Lincoln,  Greeley,  and 
Garfield,  all  nobly  emphasize  ita  successful 
application. 

What  unconquerable  determination  has 
done  for  thousands  ofAmerican  boys  it  has 
likewise  achieved  for  the  courageous  foreign- 
born  citizen. 

"Peanuts,  ten  cents  a  quart  I  Bananas, 
fifteen  cents  a  down  !"  cried  a  rough-clothed 
foreigner  in  the  streets  of  Kansas  City,  ten 
years  ago ;  but  that  foreigner  had  mastered 
Legendre's  Geometry  in  French,  could  quote 
Homer  by  the  thousand  lines,  and  knew  the 
classics  of  his  native  Russia. 
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**  THAT  BOY'LL  NEVER  GET  ALONG,*' 


When  Russia  chooses  to  make  exiles  of 
her  best  mindsi  ours  is  sometimes  the  gain. 
Leo  Wiener,  a  precocious  boy,  was  sent  to 
Berlin  to  study.  He  tasted  freedom,  and 
carried  the  air  of  liberty  back  to  Russia.  He 
spoke  for  freedom,  and  was  banished.  He 
escaped  from  Siberia,  tramped  through  Grer- 
many,  France,  and  Spain,  and  took  passage 
to  Ckiba.  During  the  two  weeks  of  the 
voyage,  by  studying  twelve  hours  a  day,  he 
mastered  the  Spanish  language.  Cuba  could 
not  hold  him.  At  New  Orleans,  he  studied 
the  hardest  language  he  had  ever  met,  the 
English.  "Even  now,  with  twenty -seven 
languages  at  command,  he  halts  and  stumbles 
oftenest  in  speaking  English.'* 

**  Wiener  drifted  to  Kansas  City,"  says  the 
New  York  "Herald,"  "and  was  without  a 
penny  when  he  reached  there.  To  become 
a  peddler  was  his  purpose;  bananas  and 
peanuts  his  stock  in  trade.  For  months,  his 
expenses  were  fifteen  cents  a  day;  but  he 
was  learning  English  all  the  time.  The 
public  library  on  the  hill,  night  after  night, 
received  him ;  he  called  for  the  best  English 
literature.  J.  M.  Greenwood,  Superintendent 
of  Schools,  became  interested  in  him ;  he  was 
curious  to  know  who  that  shabby  man  was 
who  pored  over  the  classics.  Soon  he  found 
a  pretext  for  forming  his  acquaintance,  and 
it  did  not  take  him  long  to  discover  that  this 
quiet  student  was  a  man  of  fine  scholarly 
attainments.  Through  his  infiuence,  Wiener 
secured  a  good  position  as  teacher.  As  his 
qualifications  became  better  known,  his 
advancement  followed,  and  honor,  reputa- 
tion, and  an  assured  income  accompanied  the 
recognition.  The  poor  exile  who  formerly 
peddled  peanuts  on  the  public  streets  is 
now  a  distinguished  professor  in  a  western 
university. 

POWER  OF  HABIT. 

EPICTETUS,  a  Stoic  philosopher  of  the 
first  century  of  the  Christian  era,  speak- 
ing of  habit,  made  use  of  the  following 
language :  "  Every  skill  and  faculty  is  main- 
tained and  increased  by  the  corresponding 
acts ;  as,  the  faculty  of  walking  by  walking,  of 
running  by  running.  Thus,  if  you  have  lain 
down  for  ten  days,  and  then  rise  up  and  en- 
deavor to  walk  a  good  distance,  you  shall  see 
how  your  legs  are  enfeebled.  In  general,  if 
you  would  make  yourself  skilful  in  anything, 
then  do  it ;  and  if  you  would  refrain  from  any- 
thing, then  do  it  not. "  This  sounds  very  much 
like  the  doctrine  of  learning  to  do  by  doing, 
which  is  therefore  a  very  ancient  philosophy. 


*^THAT  BOY^LL  NEVER  GET  ALONG.'' 


HORACE  GREELEY'S  form  Ufe  termi- 
nated with  his  fifteenth  year.  As  a 
farmer  he  was  a  decided  fail  ure.  ' '  That 
boy' II  never  get  along  in  the  world,"  said 
ZsuxheuB  Greeley,  when  his  son  in  a  fit  of 
abstraction  tried  to  yoke  the  "off"  ox  to 
the  "near"  side.  "He'll  never  know  more 
than  enough  to  come  in  when  it  rains." 

When  five  years  old,  Horace  had  declared 
his  intention  of  becoming  a  printer — ^a  pur- 
pose which  for  ten  labor-filled,  discouraging 
years  he  steadily  held.  It  was  thus  that  he 
happened  to  stand  in  that  East  Poultney 
garden,  having  walked  eleven  miles,  asking 
to  be  made  a  printer's  apprentice.  In  the 
office  the  boys  teased  him  with  sauc}* 
remarks,  threw  type  at  him,  and  finally 
blackballed  his  white  hair.  But  he  never 
paused  to  retaliate.  Dodging  the  type  and 
washing  his  hair,  he  quietly  resumed  his 
work.  Finding  that  he  could  not  be  irri- 
tated or  hindered,  his  companions  adopted 
him  as  a  prime  favorite. 

He  soon  began  to  set  up  original  para- 
graphs without  writing  them.  He  joined  a 
debating  society  composed  of  the  doctor, 
the  lawyer,  the  school  teachers,  and  other 
intelligent  people  of  East  Poultney,  and  soon 
became  the  leader  in  debate.  He  never  lost 
his  temper,  always  argued  fairly,  never 
hesitated,  and  found  no  difficulty  in  answer- 
ing the  most  abstruse  argument  or  question. 
He  came  to  be  considered  an  authority  on 
mooted  questions,  and  was  always  listened 
to  with  deference,  in  spite  of  his  entire  lack 
of  conventional  manners,  his  clodhopper 
appearance,  his  ungainly  attitude,  and  gro- 
tesque garb. 

The  last  issue  of  the  *  *  Northern  Spectator '  * 
was  sent  out  at  eleven  o'clock  one  June  morn- 
ing in  1830 ;  and  in  the  afternoon,  at  one 
o'clock,  Horace  Greeley,  with  a  stick  and 
small  bundle  resting  on  his  shoulder,  and  an 
overcoat  on  his  arm,  which  Mr.  Hosford, 
with  whom  he  had  boarded,  had  given  him 
(the  first  he  ever  had,  and  which  probably 
lasted  until  he  obtained  his  white  one),  bade 
adieu  to  friends  in  Poultney,  and  started  on 
foot  for  his  father's  home  in  Pennsylvania, 
five  hundred  miles  away. 

After  several  weeksat  home,  he  sought  work 
in  various  directions.  He  finally  anchored 
at  Erie,  Pa.,  a  large  and  busy  town  with  two 
printing  offices.  He  found  employment  with 
the  "Erie  Gazette,"  though  its  editor  long 
demurred  at  accepting  so  "green"  a  hand 
at  fifteen  dollars  a  month.    Out  of  his  seven 
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months'  earnings  at  Erie  he  sent  twenty-five 
dollars  to  his  father,  reserving  six  dolla^  for 
himself.  CJonvinced  that  if  he  was  to  sac- 
ceed  in  any  considerable  sense,  he  must  do 
so  in  a  lai^  place,  he  decided  to  try  his  for- 
tune in  what  he  calls  the  ''CJommercial 
Emporium." 

On  August  18,  1831,  at  six  o'clock  in  the 
morning,  Horace  Greeley  entered  New  York, 
"an  oveiTgrown,  awkward,  white-headed, 
forlorn-looking  boy  ;  his  pack  suspended  on  a 
staff  oyer  his  right  shoulder ;  his  dress  unri- 
Taled  in  sylvan  simplicity  since  the  discovery 
of  America ;  the  expression  of  his  face  pre- 
senting a  strange  union  of  wonder  and 
apathy.  Ignorant  alike  of  the  world  and  its 
ways,  he  seemed  to  the  denizen  of  the  city 
almost  like  a  wanderer  from  another  planet." 

Having  secured,  after  long  inquiry,  board 
at  two  dollars  and  a  half  a  month,  he  set  out 
to  find  emplo3rment.  After  hundreds  of 
reftisals  and  numerous  disheartening  experi- 
ences, he  was  offered  a  job  which  no  one 
else  would  accept  This  was  to  set  up  a 
Testament,  ''the  text  thickly  studded  with 
references  by  Greek  and  superior  letters,  to 
the  notes,  preceded  and  discriminated  by 
corresponding  indexes,  with  prefatory  and 
supplementary  remarks  on  each  book. '  *  The 
subsequent  history  of  Horace  Greeley  has 
been  told  and  retold,  his  engagement  with 
the  "Spirit  of  the  Times,"  his  dismissal 
from  the  "Commercial  Advertiser"  for 
"  having  decent-looking  men  in  the  oflBce," 
bis  connection  with  the  "Bank  Note  Re- 
porter," his  establishment  of  the  "New 
Yorker,"  superior  in  those  days  to  any  liter- 
ary publication  which  had  preceded  it,  and 
bis  connection  with  the  "  Jefiersonian,"  and 
finally  his  editorship  of  the  great  paper  which 
made  his  name  and  his  fortune. 


ORDER  AND  REGULARITY. 

DISCUSSING  the  essentials  of  education, 
President  Andrews  pays  due  tribute  to 
order  and  regularity  when  he  says : 
"  The  information  given  should  be  orderly 
and  regular.  It  is  important  that  one  should 
know  facts,  but  more  important  that  they 
should  be  known  orderly  and  in  their  proper 
connections.  And  this  is  the  great  advan- 
tage of  the  schools.  Few  facts  or  none  are 
taught  at  any  school  which  might  not  be 
had  by  reading.  But  there  is  a  difference 
between  the  discipline  of  the  schools  and 
intellectual  browsing.  In  this  lack  of  order 
and  proportion  of  knowledge  lies  the  weak- 
ness of  most  self-made  men.    A  great  many 


men  prominent  in  the  economic  and  intel- 
lectual world  have  been  self-made  men. 
Their  minds  have  been  of  the  first  class. 
But  they  have  lacked  this  orderliness  of 
school  education,  and  all  their  work  has 
shown  it.  When  I  find  young  people  talking 
about  picking  up  an  education,  from  news- 
papers, magazines,  libraries,  and  lectures,  and 
the  sermons  of  great  preachers,  I  always  b^ 
them  not  to  delude  themselves  into  the  idea 
that  they  can  become,  in  any  proper  sense, 
truly  educated,  unless  they  can  go  to  school 
for  a  little  while  at  least. 

"First  of  aU,  then,  gain  character,  then 
culture,  then  information,  with  accuracy. 
But  let  this  information  be  ordered  informa- 
tion, such  as  the  school  gives,  and  not  merely 
general  information,  jumbled  information, 
information  shoveled  together  in  great  heaps, 
as  men  shovel  together  com  or  wheat." 

In  the  regular  gradation  and  logical  con- 
secutiveness  of  their  courses  of  study  and  of 
the  subjects  taught  in  each  course,  The  Inter- 
national Correspondence  Schools  are  unsur- 
passed by  any  and  equaled  by  few  existing 
educational  institutions. 

THE  CALL  TO  STUDY. 


((A  Human  Soul,  study  thyself!    Study 

\J    thine  own  powers,  improve  and  deify 

thy  manhood !    For  thou  alone  of 

all  creatures  wert  made  in  divine  image  and 

likeness." 

"On  a  skull,"  said  Mr.  J.  P.  McCaskey, 
in  one  of  the  most  beautiftd  addresses  we 
have  ever  read,  "  these  words  were  written  : 
'  Lamp,  what  hast  thou  done  with  the  fiame  ? 
Skeleton,  what  hast  thou  done  with  the  soul? 
Deserted  cage,  what  hast  thou  done  with  the 
bird?  Volcano,  what  hast  thou  done  with 
the  lava?  Slave,  what  hast  thou  done  with 
thy  master?  Death,  what  hast  thou  done 
with  life.' " 

Words  of  startling  and  striking  signifi- 
cance, that  should  enter  deeply  into  every 
human  heart,  touched  by  their  sound, 
moved  by  their  reading  !  What  is  man  but 
for  his  soul  ?  What  is  the  soul  of  man  unim- 
proved by  reflection,  study,  and  self-culture? 

Without  a  soul  man  were  among  the  most 
infirm  and  helpless  of  creatures !  Without  a 
mind  improved  and  cultivated,  heisunworthy 
of  his  high  rank  as  the  first  of  God's  creatures. 

Shakespeare  makes  Hamlet  say :  "  What 
a  piece  of  work  is  man  !  How  noble  in  reason ! 
How  infinite  in  faculties  I  In  form  and  mov- 
ing, how  express  and  admirable !  In  action, 
how  like  an  angel !    In  apprehension,  how 
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like  a  god  !    The  beauty  of  the  world !   The 
paragon  of  animals ! '' 

Chapin  says:  '*Man  was  sent  into  the 
world  to  be  a  growing  and  exhaustless  force. 
The  world  was  spread  out  around  him  to  be 
seized  and  conquered.  Realms  of  infinite 
truth  burst  open  above  him,  inviting  him  to 
tread  those  shining  coasts  along  which  New- 
ton dropped  his  plummet,  and  Herschel 
sailed,  a  Columbus  of  the  skies ! '' 

Carly  le :  *  *  We  are  the  miracle  of  miracles — 
the  great  inscrutable  mystery  of  God.  We 
cannot  understand  it,  we  know  not  how  to 
speak  of  it ;  but  we  may  feel  and  know,  if 
we  like,  that  it  is  verily  so." 

And  Theodore  Parker:  "The  discoverer 
finds  nothing  so  grand  or  tall  as  himself, 
nothing  so  valuable  to  him.  The  greatest 
star  is  that  at  the  little  end  of  the  telescope — 
the  star  that  is  looking,  not  looked  after  nor 
looked  at."  And  again  :  "  Man  is  the  jewel 
of  God,  who  has  created  this  material  world 
to  keep  his  treasure  in." 

Emerson:  **0  rich  and  various  man, 
thou  palace  of  sight  and  sound,  carrying  in 
thy  senses  the  morning  and  the  night  and 
the  unfathomable  galaxy  ;  in  thy  brain  the 
geometry  of  the  city  of  God  [  in  thy  heart  the 
power  of  love  and  the  realms  of  right  and 
wrong !  An  individual  man  is  a  fruit  which 
it  cost  all  the  foregoing  ages  to  form  and 
ripen.  He  is  strong  not  to  do,  but  to  live ; 
not  in  arms,  but  in  his  heart ;  not  as  an 
agent,  but  as  a  fact." 

**Man  perfected  by  society,"  says  Aris- 
totle, '^  is  the  best  of  all  animals  !  He  is  the 
most  terrible  of  all  when  he  lives  without 
law  and  without  justice." 

*  *  Omit  a  few  of  the  most  abstruse  sciences, ' ' 
says  another  observant  thinker,  **  and  man- 
kind's study  of  man  occupies  nearly  the  whole 
field  of  literature.  The  burden  of  history 
is  what  man  has  been ;  of  law,  what  he 
does  ;  of  physiology  and  the  story  of  today, 
what  he  is ;  of  ethics,  what  he  ought  to  be  ; 
of  revelation,  what  he  shall  be." 

In  the  Book  of  Genesis  we  have  this,  when 
written  and  by  whom  no  man  can  tell : 
*^And  God  said.  Let  us  make  man  in  our 
image,  after  our  likeness  ;  and  let  them  have 
dominion  over  the  fish  of  the  sea,  and  over 
the  fowl  of  the  air,  and  over  the  cattle,  and 
over  all  the  earth,  and  over  every  creeping 
thing  that  creepeth  upon  the  earth.  So  God 
created  man  in  his  own  image  ;  in  the  image 
of  God  created  he  him ;  male  and  female 
created  he  them.  *  *  ♦  And  God  saw  every- 
thing that  he  had  made,  and  behold  it  was 
very  good." 


And  Paul,  writing  to  the  Corinthians,  says 
to  them:  "Know  ye  not  that  ye  are  the 
temple  of  God,  and  that  the  Spirit  of  God 
dwelleth  in  you?  If  any  man  defile  the 
temple  of  God,  him  shall  God  destroy ;  for 
the  temple  of  God  is  holy,  which  temple  ye 
are."  Again:  "What!  know  ye  not  that 
your  body  is  the  temple  of  the  Holy  Ghost 
which  is  in  you,  which  ye  have  of  God,  and 
ye  are  not  your  own?  " 

It  is  only  by  the  cultivation  of  the  godlike 
in  man  that  he  can  rise  superior  to  fear,  to 
selfish  interest  and  corruption,  to  become  a 
man  with  a  mind  governed  by  principles  of 
uniform  recttitude  and  integrity,  the  same  in 
prosperity  as  in  adversity,  whom  no  bribe 
can  seduce,  or  terror  overawe,  whom  pleas- 
ure cannot  melt  into  efieminacy,  nor  distress 
sink  into  tlejection — in  a  word,  a  man  with 
the  true  distinction  and  eminence  of  man- 
hood. The  godlike  in  man  cannot  be  culti- 
vated without  study,  which,  by  giving  man 
knowledge  of  himself  and  his  relations  as 
well  to  God  as  to  his  fellows  and  to  the 
external  world  in  which  he  is  placed,  gives 
firmness  and  constancy  ;  makes  him  true  to 
the  Maker  whom  he  worships  ;  full  of  affec- 
tion for  mankind,  faithful  to  friends,  gener- 
ous to  enemies ;  warm  with  compassion  for 
the  unfortunate  ;  self-denying  to  petty  inter- 
ests and  pleasures,  but  zealous  for  the  com- 
mon weal  and  interest ;  magnanimous  with-- 
out  pride ;  humble  without  meanness ;  just 
without  severity  ;  simple  in  manners,  but 
manly  in  feeling ;  a  man  whose  word  is  as 
good  as  his  bond ;  whose  professions  never 
deceive  us ;  one  whom  we  would  cheerfully 
follow  as  a  leader,  trust  as  a  friend,  love  as  a 
brother. 

STEADFASTNESS  AND  SUCCESS. 

IT  CANNOT  be  too  often  repeated  that  it  is 
not  men  of  genius  who  move  the  world 
and  take  the  lead  in  it  so  much  as  men 
of  steadfastness,  purpose,  and  indefatigable 
industry.  Notwithstanding  the  many  unde- 
niable instances  of  the  precocity  of  men  of 
genius,  it  is  nevertheless  true  that  early 
cleverness  gives  no  indication  of  the  height 
to  which  the  grown  man  will  reach.  Pre- 
cocity is  sometimes  a  symptom  of  disease 
rather  than  of  intellectual  vigor.  What 
becomes  of  all  the  "remarkably  clever  chU- 
dren"?  Where  are  the  prize  boys?  Trace 
them  through  life,  and  it  will  frequently  be 
found  that  the  dull  boys,  who  were  beaten 
at  school,  have  shot  ahead  of  them.  The 
clever  boys  are  rewarded,  but  the  prizes 
which  they  gain  by  their  greater  quickness 
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and  £Eu;ility  dp  nut  always  prove  of  use  to 
them.  What  ought  rather  to  be  rewarded  is 
the  endeavor,  the  struggle,  and  the  obedi- 
ence ;  for  it  is  the  man  who  does  his  best, 
though  endowed  with  an  inferiority  of 
natural  powers,  that  ought  above  all  others 
to  be  encouraged. 

NATURE  A  TEACHER. 

IN  HIS  book,  "Nature's  Teachings,''  the 
Rev.  J.  G.  Wood  discusses  a  subject  not 
before  handled  at  length.  Its  object 
is  to  show  how  man's  implements  and 
mechanical  devices  have  been  anticipated 
in  use  in  nature  for  countless  centuries.  He 
claims  that  the  great  discoverers  of  the 
future  will  be  those  who  carefully  study 
the  natural  world. 

The  burr  stones  of  mills  are,  for  instance, 
a  copy  of  molar  teeth.  The  hoofe  of  a  horse 
are  made  of  parallel  plates  like  a  carriage 
spring.  The  finest  file  made  by  man  is  a 
rough  afiair  when  compared  with  a  Dutch 
rush  used  by  cabinetmakers.  The  jaws  of 
the  turtle  and  tortoise  are  natural  scissors. 
Rodents  have  chisel  teeth,  and  hippopotami 
have  adz  teeth,  which  are  constantly  repaired 
as  they  are  worn.  The  carpenter's  plane  is 
anticipated  by  the  jaws  of  the  bee.  .  The 
woodpecker  has  a  powerful  little  hammer. 
The  diving  bell  only  imitates  the  work  of 
the  water  spider.  This  insect,  although  as 
easily  drowned  as  any  other,  spends  a  great 
part  of  his  life  under  water.  Having  con- 
structed a  small  cell  under  the  water,  it 
clasps  a  bubble  of  air  between  its  last  pair  of 
legs,  and  dives  down  to  the  entrance  of  its 
cell,  into  which  the  bubble  is  put.  A  pro- 
portionate amount  of  water  is  thus  displaced, 
and  when  all  of  it  is  expelled,  the  little  ani- 
mal takes  up  its  abode  in  this  subaqueous 
retreat. 

In  laying  its  eggs  on  the  water,  the  gnat 
combines  them  in  a  mass  shaped  somewhat 
like  a  life  boat.  It  is  impossible  to  sink  it 
without  tearing  it  to  pieces.  The  iron  mast 
of  a  modern  ship  is  strengthened  by  deep 
ribs  running  along  its  interior.  The  porcu- 
pine quill  is  strengthened  by  similar  ribs. 
When  engineers  found  that  hollow  beams 
were  stronger  than  solid  ones  of  the  same 
weight  they  only  discovered  a  principle 
used  in  nature  long  before  the  creation 
of  man.  A  fragile  wheat  straw  can  sup- 
port a  heavy  head.  The  bones  of  the  higher 
animals,  if  solid,  would  have  to  be  a  great 
deal  heavier  to  bear  the  weight  which  they 
have  to  support.    The  framework  of  a  ship 


resembles  the  skeleton  of  a  herring,  and 
those  who  would  improve  aerial  navigation 
are  studying  the  skeleton  of  a  bird  with 
advantage.  Palissy  made  a  careful  study  of 
the  shells  by  the  seaside  in  order  to  learn 
the  best  method  of  fortifying  a  town. 

The  ship  worm  feeds  on  wood,  and  gradu- 
ally tunnels  its  way  through  any  submerged 
timber.  It  also  lines  its  burrow  with  a  hard, 
shelly  coating.  Brunei,  taking  a  hint  from 
this,  was  the  first  to  succeed  in  subaquatic 
tunnelifig.  The  Eddystone  Lighthouse  is 
built  on  the  plan  of  a  tree  trunk,  and  fast- 
ened to  the  rock  in  a  manner  somewhat 
similar  to  the  w^ay  a  tree  is  fastened  to  the 
soil.  It  is  supposed  that  the  first  idea  of  a 
suspension  bridge  was  suggested  by  the 
creepers  of  a  tropical  forest. 

Mr.  Wood  gives  an  interesting  account  of 
the  origin  of  the  plan  of  the  Crystal  Palace. 
Mr.  Paxton,  a  gardener,  having  noticed  the 
structure  of  the  great  leaves  of  the  Victoria 
Regia,  a  plant  which  had  been  introduced 
into  England  a  few  years  previous,  struck 
the  plan  of  copying  in  iron  the  ribs  of  the 
leaf  and  filling  the  remaining  space,  which 
corresponds  to  the  cellular  portions  of  the 
leaf,  with  glass.  Thus,  by  copying  nature, 
an  obscure  gardener  i)ecame  Sir  Joseph  Pax- 
ton,  the  great  architect. 

EDUCATIONS  TRUE  ADM 

ON  THIS  subject  W.  F.  Gordy  bears  telling 
testimony  :  **The  education  of  a  child 
should  not  be  considered  as  simply  fit- 
ting him  for  making  his  way  in  the  world, 
but  should  aim  to  develop  high  ideals  and  a 
character  full  of  nobility  and  force.  Preach- 
ing and  moralizing  will  not  do  this,  but  the 
parent  and  teacher  must  have  individuality 
and  character  of  the  right  kind  to  illustrate 
and  enforce  the  ideals  which  they  wish  chil- 
dren to  receive.  We  cannot  describe  the 
efi*ect  which  a  beautiful  landscape,  a  wonder- 
ful piece  of  art,  or  a  favorite  essay  has  upon 
us,  but  the  efiect  is  none  the  less  real  and 
helpful,  and  the  teacher  who  can  suggest  the 
good  and  beautiful  in  a  way  to  develop  the 
sensitiveness  of  his  scholars,  is  the  true  edu- 
cator. Mathematics  and  the  exact  sciences 
are  not  to  be  underestimated  as  a  part  of 
school  training,  but  history  and  literature 
are  most  important,  because  through  the 
lives  of  great  men  and  the  individuality  of 
authors  this  sensitiveness  to  high  ideals  is 
cultivated.  Lincoln  is  one  of  the  greatest 
teachers  in  American  history,  second  only 
to  Washington  himself." 


A  SELF-MADE  MAN. 


Fbom  Miner  to  Financibb  and  CoNoiunsMAN. 


AMONG  the  many  notable  esamplee  of 
successful  men  who,  through  ttieir  OWD 
efforts,  have  risen  from  obscurity  to 
positions  of  distinction,  it  would  be  difficult 
to  select  one  more  brilliant  in  its  develop- 
ment, or  more  inspiring  in  its  effect  upon  the 
thousands  of  men  who  are  striving  to  attain 
soccesB  amid  difficultiee  and  diacxjursgements, 
than  that  of  the  Hon.  William  Connell. 

He  was  bom  on  the  10th  of  September, 
1827,  at  Cape  Breton, 
Nova  Scotia,  of  Scotch- 
Irish  parentage,  bis 
father  being  a  laborer 
in  the  Cape  Breton 
mines.  He  had  few 
educational  advan- 
tages, as,  early  in  life, 
it  became  necessary  for 
him  to  assist  in  the 
support  of  the  family. 
Yet,  bystudiousappli- 
cation,  he  acquired  a 
sufficient  knowledge  of 
the  rudimentary  Eng- 
lish branches  to  form  a 
solid  foundation  upon 
which  to  build  in  later 
years.  He  was  a  care- 
udent   of  the 
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large   portio: 
and  was  also  fond  of 
Shakespeare  and  Mil- 
ton.   The    study  of 
these  works   early 
awakened  in  him  such 
a  desire  for  knowledge 
and  self- improvement 
that  he  was  ever  on 
the  alert  for  anything  which  Would  add  to 
his  meager  education.    To  observation  and 
"always  doing  his  best  "he  attributes  his 
remarkable  success. 

In  1844,  the  family  removed  from  Nova 
Scotia  to  Luzerne  County,  Pennsylvania, 
where  both  father  and  son  secured  employ- 
ment in  the  newly  opened  anthracite  cuil 
fields  of  the  Lehigh  r^on.  The  twelve 
years  of  hard  labor  that  followed  covered  a 
period  of  great  self-improvement.    He  effect- 


ively mastered  the  intricate  science  of  min- 
ing, and,  by  study,  acquired  the  necessary 
technical  knowledge  to  qualify  himself  as  an 
expert    In  1855  hisintelligenceand  industry 
secured   him   a  position   as  superintendent 
of  a  colliery  owned  by  The  Susquehanna  and 
W  yomi  ng  Val  I  ey  Rai  Iroad  an  d  Coal  Com  pan  y . 
Mr.  Connell  had  always  made  it  a  rule  to 
save  part  of  his  salary,  however  small.    This 
frugality  enabled  him,  five  years  after  his 
arrival  in  Scranton,  to 
join  with  seven  others 
in  buying  a  colliery. 
At  the  opening  of  the 
Civil  War,  the  price  of 
coal  rose,  and  the  col- 
liery was    sold    to  a 
syndicate,  Mr.  Connell 
realizing  a  large  sum 
from  the  transaction. 

In  1870  the  charter 
of  The  Susquehanna 
and  Wyoming  Com- 
pany expired,  and  Mr. 
Connell  purchased  the 
property  and  organ- 
ised the  firm  of  Wm. 
Connell  &  Company. 
He  soon  became 
the  most  notable  fig- 
ure in  the  financial, 
manufacturing,  and 
mining  circles  of 
Northeastern  Pennsyl- 
vania, and  has  twtcp 
been  elected  to  Con- 
gress. 

Remembering  the 
difficulties  which  had 
attended  his  own 
efforts  to  secure  an  education,  he  bos  always 
been  interested  in  educational  enterprises 
and  institutions,  and  is  a  trustee  of  several 
universities. 

The  history  of  William  Connell  is  a  for- 
cible illustration  of  what  an  indomitable 
will,  a  clear  mind,  well  directed  energy,  and 
sterling  int^rity  will  accomplish.  From 
boyhood  up  he  made  the  most  of  every 
opportunity  to  increase  his  stock  of  knowl. 
edge,  by  observation  and  by  study. 


STUDENTS  WHO  HAVE  BENEFITED  THEMSELVES 

THROUGH  HOUB  STUDY 

IN  THE  INTERNATIONAL  CORRESPONDENCE  SCHOOLS, 

SCRANTON.  PA. 


PASSES  ARCHITECTURAL 

EXAMINATICM^       ■ 

For  a  Uttle  over  two  years  I  have  been 
studying  the  Com- 
plete Architectural 
ConreeofThelnter- 


al    Coi 


apondence  Schools, 
and  have  foand  it 
of  great  value. 
Recently  I  took 

practise  architec- 
■8  required  by 


thij 


and 


passed  at  the  head 
of  the  clasB.  I  was  greatly  assisted  in  bo 
doing  by  the  information  obtained  in  the 
Instruction  Papers. — Ira  A.  Wort/old  {A. 
SOO),  149  Park  Ave.,  WoMkegan,  IV. 


AND 
MORE  SALARY. 

I  can  recommend  The  International  Corre- 
spondence Schools 
to  any  one.  Since  I 
have  been  studying 
in  the  School  of 
Steam  Engineering, 
I  have  obtained 

assistant    engineer 

on  steamers  of  any 

tonnage,  and  as 

chief    engineer  on 

steamers  of  100 

gross    tonnage.      I 

would  have  been 

marine  license  if  I  had 

I  now  have  a  position 

as    chief  engineer,    my  wages   have  been 

increased  to  $75.00  per  month,  and  there  are 

better  prospects  ahead.    I  will  be  pleased 

to  answer  all  letters  r^arding  the  Schools. 

C.  H.  GoUolu^  {H.  Ul).  Uorgan  Oiy,  La. 


FIRST-CLASS  ENGINEER'S  UCENSE 

AND  MORE  SALARY. 

I  am  afraid  my  humble  pen  is  inadequate 
to  express  the  great  benefits  derived  from 
my  course  of  study  in  the  Schools.  A  first- 
clas8eDgineer'Bticense,a  better  position  with 
a  large  increase  in  salary,  a  greater  confidence 
in  my  own  ability,  are  a  very  few  of  the 
benefits.  Toomuch 
praise  cannot  be 
given  to  The  Inter- 

spondence  Schools 
for  the  painstaking, 
thorough  manner 
in  which  they  teach 
the  pupil.  No  one 
need  go  throi^h 
life  uned  ucated 
while  there  is  such 
an  institution  in 
existence. — Frank 
E.  DemaT{H.eoiS),lSl  WeA  Si..  Hyde  Park, 

SUPERINTENDENT  OF  AN 

ELECTRICLIGHT  PLANT. 

It  gives  me  great  pleasure  to  speak  of  the 
merits  of  The  International  Corre&pondence 
Schools.  My  course 
in   Electric  Power 
and   Lighting  has 
benefited  me  in 
several    ways.      It 
has    fitted  me   for 
the  position  which 
I  now  hold  as  super- 
intendent  of  The 
Lansdale    Electric- 
Light  Works.    I 
would    not  have 
been  capable  of 
holding   this  posi- 
tion had  it  not  been  for  the  course  I  took 
at  the  Schools.—/.  M.  Firtf.  {J.  806).  Lann- 
dak.  Pa. 


aruDEyi's  who  ha  ve  benefited  themsel  vjhh. 


SERVICES  ARE 

IN  DEMAND. 
I  longed  b)  obtain  more  knowledge  of  sta- 
tionary engineer- 
ing, but  woB  unable 
to  go  through  col- 
lege.     When    I 
enrolletl  in  The  In- 
ternational   Corre- 
spondence Schools, 
I  was  working  for 
Jl,60    per   day.     1 
now  have  a  position 
as  licensed  engineer 
at  (3.00    per  day. 
Sini.1!  I  obtained 
my  diploma,  several 
good  places  have  been  offered  to  me,  and  I 
never  shall  r^ret  taking  the  step  which  has 
changed   my  whole  life. — D.   A.    Srong  {H. 
ise),  SSiO  Mkhigan  Ave.,  Chicago,  Id. 

BECAME  AMINE 

SUPERINTENDENT. 

I  have  worked  in  and  aboat  the  mines 
since  1  was  ten 
years  of  age,  and 
until  five  years  ago 
was  almost  where 
I  started.  I  deter- 
mined  to  take  a 
course  inThe  Inter- 
national Corre- 
spondence Schools, 
and  since  then  I 
have  been  able  to 
pass  both  fire-boss 
and   mine-fore- 

tiont>.  For  the  past  three  years  I  have  been 
superintendent  for  The  Ohio  and  Pennsyl- 
vania Coal  and  Coke  Co.,  at  Port  Royal,  Pa. 
I  cannot  recommend  the  schools  too  highly 
as  an  opportunity  for  men  who  have  been 
deprived  of  an  education,  to  learn  the  most 
approved  methods  of  the  day.  Every 
ambitious  miner  should  certainly  take  the 
course.— -Vie/uif/  A.  Roy  {C.  M.  1191),  FiU 
Hmry,  Pa. 


MADEHIHSELF  A 

DRAFTSMAN. 
With  no  previous  knowledge  of  mechan- 
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RAILROAD  BLOCK  SIGNALING. 

George  F.  Lx>rcl. 


Th«  Sevbbai.  SvsraMS  Now 
York  Cbntral,  and  ■ 


1  Use — Controlled  Manual  System  as  Adoptbd  bt  tbk  Sbw 
IB  iMPoeatBiLiry  of  Colubion  if  Sionau  Are  Obbvbd. 


.— Thb  EMFiitE  State  Eifrbsb,  at  Little  Fal 


THE  primEtry  purpoae  of  all  railroad  sig- 
oaling  is  the  same,  namely,  the  protec- 
tion of  trains  ^m  collision.  But  the 
means  by  which  this  purpose  may  be  accom- 
pllshedarewidelydifferent,depending  largely 
on  the  amonnt  of  traffic,  and  the  epeed  of 
the  trains.  The  earliest  method  of  eignaling 
wflfl  by  flagmen,  etationed  at  intervals  along 
the  track,  each  man,  with  flag  by  day  and 
lamp  by  night,  protecting  the  train  just 
paseed  until  it  reached  the  nest  man. 

Aoother  system,  extensively  used  at  one 
time,  and  still  employed,  ie  what  is  known 
•i  the  "  time  block  syetem,"  in  which,  after 
a  train  has  passed  a  given  signal  station,  a 
certain  length  of  time  is  required  to  elapse 
before  the  nest  train  is  allowed  to  paee  the 
■■me  station.  But  this  system  is  quite  unre- 
liable, OS  it  gives  no  information  aa  to  what 
diglance  akaxd  the  previous  train  may  be ; 
and  it  is  this  distance  ahead,  or  epace  inter- 
val, not  the  lime  inUrval,  that  is  of  greatest 


importance.  This  is  obvious ;  for,  if  a  train 
is  a  certain  safe  distance  ahead  of  another, 
collieion  ia  impossible,  whether  the  time 
interval  is  one  minute  or  one  hour. 

Under  the  various  "block  systems,"  the 
railroad  is  divided  into  blocks,  having  at 
each  end  signals  that  control  the  track  in 
the  block  ahead  (viewed  from  the  engine), 
and  render  it  impossible  for  two  trains  to  be 
in  the  same  block,  on  the  same  track,  at  the 
same  time,  unless  the  en^neer  disobeys  the 
signal  or  the  signalman  displays  a  wrong 
nignal.  Three  distinct  systems  of  block  sig- 
naling are  recognized :  tel^rapbic,  auto- 
matic, and  controlled  manual. 

In  the  telegraphic  system,  the  signalmen — 
who  are  usually  the  station  agents — throw 
their  signals  to  "clear"  or  "danger"  on 
receipt  of  telegraphic  information.  But  there 
is  nothing  to  prevent  the  signalmen  from 
giving  a  wrong  signal  (either  through  care- 
lessness or  design),  and  causing  a  collision. 


(hpvrtj/fcwd,  jess,  tin  Tlu  Onliienj  Engineer  Company. 
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Aviomatic  signals  are  operated  by  the  pas- 
sage of  the  train  itself,  the  motive  power 
being  either  electricity  or  compressed  air. 
But,  since  there  is  nothing  to  indicate  to  the 
engineer  whether  the  signal  is  at  danger 
because  it  ought  to  be,  or  because  the  appa- 
ratus has  failed  to  work,  it  is  necessary  to 
allow  him  to  proceed  with  caution  after  the 
lapse  of  a  stated  interval  of  time. 

The  system  now  in  operation  on  the  New 
York  Central  is  the  controlled  manualy  in 
connection  with  "track  circuits."  The  sig- 
nals are  thrown  by  hand  levers,  but  they  are 
electrically  locked  in  such  a  manner  that  it 
is  impossible  to  give  a  "clear''  signal  in 
error. 

In  order  to  understand  the  operation  of 


HOME,AND  ADVANCE  S/GNALS 


Pacf 


Gr$en 


DISTANT  SIGNAL 


Fio.  2. 


Flo.  3. 

this  system,  it  is  necessary  to  become 
acquainted  with  the  various  details  of  which 
it  is  composed.  First  in  importance  are  the 
signals.  These  are  variously  known  as  the 
"home,"  "advance,"  and  "distant"  sig- 
nals. Fig.  2  is  an  illustration  of  the  home 
and  the  advance  signals,  which  are  alike  in 
appearance.  On  these  signals  the  sema- 
phore, or  painted  blade,  extends  to  the  right 
of  the  post — as  viewed  from  the  approaching 
train— and  is  painted  red  with  a  band  of 
white  near  the  outer  end,  the  reverse  side 
being  white  with  a  black  band.  On  the 
other  end  of  the  blade  is  a  circular  frame 
holding  a  sheet  of  red  glass,  behind  which, 
at  night,  the  light  is  placed.  The  blade 
horizontal  indicates,  "Danger!  Stop."  The 
blade  dropped  into  a  position  approaching 
the  vertical  means,  "Clear!  Go  ahead." 
These  are  the  day  signals.  At  night  the  red 
light  means,  "Danger!"  the  white  light, 
"Go  ahead." 

The  distant  signal  is  illustrated  in  Fig.  3. 
The  blade  of  this  signal  is  yellow  with  a 
forked  end,  and  a  black  band  near  the  end. 
The  glass  in  front  of  the  lamp  is  green.    The 


distant  signals  are  placed  1,800  feet  or  more 
from  the  home  signals  at  all  interlocking 
towers,  and  at  block  towers  when  the  view 
of  the  home  signal  is  obscured.  It  indicates 
the  position  of  the  home  signal ;  and  the 
blade  in  a  horizontal  position  by  day,  or  a 
green  light  by  night,  means,  "Caution! 
Proceed  to  the  home  signal  with  train  under 
full  control."  The  blade  in  a  nearly  vertical 
position  by  day,  or  a  white  light  by  night, 
means  that  the  home  and  the  advance  sig- 
nals are  clear. 

At  interlocking  towers  it  sometimes  becomes 
necessary  to  allow  a  train  to  stand  near  the 
home  signal  while  switching  movements  ai« 
made  in  the  block  ahead  or  in  the  rear.  For 
this  purpose  a  short  block  is  provided  in 
which  the  train  may  stand.  The  end  of  this 
block  is  marked  by  the  advance  signal,  which 
controls  the  block  ahead,  while  the  home 
signal  merely  marks  the  end  of  the  block  in 
the  rear  and  protects  the  train  in  the  short 
block.  The  distant  signal  is  interlocked  with 
the  home  and  the  advance,  so  that  it  is 
impossible  to  clear  the  distant  unless  the 
home,  and  the  advance  are  clear. 

Where  there  are  "facing-point"  switches 
on  main  tracks  (by  &  facing-point  switch  is 
meant  one  in  which  the  point  of  the  switch 
faces  the  train  when  moving  in  the  direction 
of  traffic),  it  is  necessary  to  provide  one  sig- 
nal for  the  high-speed  route  and  one  for  the 
diverging  route.  For  this  purpose  two  blades 
are  placed  on  the  same  post,  the  upper  indi- 
cating for  the  high-speed  route,  the  lower  for 
the  diverging  route. 

Home  signals  are  located  on  bridges  span- 
ning the  track,  or  on  posts  standing  near  the 
tracks  which  they  govern.  Fig.  1  shows  the 
Empire  State  Express  passing  under  Tower 
24,  Little  Falls,  Mohawk  Division.  The  New 
York  Central  has  four  tracks.  The  two  to 
the  right  of  the  view  are  the  passenger  tracks, 
and  the  two  to  the  left,  the  freight  tracks. 
The  two  middle  tracks  are  for  west-bound 
trains,  while  the  two  outside  tracks  are  for 
those  bound  east.  The  signals  for  passenger 
tracks  are  always  placed  higher  than  those 
for  freight  tracks,  as  in  the  illustration.  It 
is  impossible  for  the  engineer  to  mistake  his 
signal,  as  only  two  red  signals  are  visible 
(the  other  two  showing  white  and  black), 
and  one  of  these  is  higher  than  the  other. 
These  signals  are  normally  at  danger  (clear- 
ing only  to  allow  the  passage  of  a  train),  and 
will  go  to  danger  in  case  of  breakage  of  the 
apparatus.  In  Fig.  1  all  signals  are  at  danger 
except  the  west-bound  passenger  signal, 
which  is  cleared  for  the  passage  of  the  train. 
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Next  in  importance  to  the  BignalB  are  the 
machines,  or  syeteme  of  levera,  by  which 
the  signals  are  moved.  In  Fig.  4  ia  shown 
the  interior  of  a  t«wer,  with  the  operator 
standing  at  the  machine.  The  ordinarr 
machine  canaista  of  but  four  levers,  while 
this  has  double  that  number.  The  extra 
levers  are  connected  to  distant  signals,  and 
aignala  protecting  a 

another  road.  These 
levers  are  provided 
with  latches,  as  shown 
at  a.  It  is  the  lockii^ 
and  unlocking  of  these 
latchee  by  electrical 
devices  that  maintains 
the  efficiency  of  the 
system. 

On  the  shelf  over  the 
macbine  is  a  cabinet 
containing  a  set  of  four 
block  instraments  and 
electric  locks,  one  for 
each  track,  as  shown 
in  detul  in  Fig.  6. 
Behind  the  glass  fronts 
of  the  cabinet  are  mate 
of  blue  paper,  with 
open  spaces  in  the 
middle.     In    these 

(paces  are  cards  which  P,g 

read,  "Locked," 
"Train  in  Block,"  and  "Free."  Above  the 
space  containing  the  cards,  there  is  also  a 
miniature  semaphore  for  each  track,  as 
shown,  the  function  of  which  will  be 
explained    later.      The    electric   locks   are 

placed  on  the  back  of  

the  machine,  one  for 
each  lever. 

On  each  side  of  the 
table  of  the  machine 
is  a  key  for  making  or 
breaking  the  bell  cir- 
cuits. There  is  an  elec- 
tric bell  on  each  side 
of  the  tower  (east  and 

west),    one    being  ^ 

smallerthan  the  other, 
so  that  the  tones  are  diatinguisbable  Arom 
each  other.  All  the  towers  are  connected 
electrically  by  a  cable  of  wires,  and  are  in 
telegraphic  communication.  The  signal 
system  itself,  however,  is  operated  almost 
entirely  by  a  code  of  bell  signats,  each  tower 
commuQicating  with  the  tower  immediately 
in  the  rear  and  with  the  one  preceding. 

Perhaps  the  crowning  feature  of  the  sys- 


tem is  the  combination  of  the  track  circuits 
with    the    manual    machine,  as  it  is    this 
element  which  makes  it  impossible  for  the 
signalman   to  give  a  clear  signal   in   error. 
An  idea  of  it«  operation  may  be  gained  by 
referring  to  Fig,  7.     At  the  end  of  each 
block,  a  section  of  track,  three  rails  in  length, 
is    insulated    by    pieces   of  pressed    paper 
(amounting  to  J  inch 
in   thickness),    placed 
between  the  ends   of 
adjoining  rails.  As  the 
insulation  won  Id  be 
spoiled  by  the  ordinary 
fish-plates,   these  are 
replaced  by  two  heavy 
pieces  of   oak,   called 
"splice-woods,"  which 
are  bolted  together  on 
either  side  of  the  roils, 
thus  holding  the  two 
ends  firmly  in  posi- 
tion.     Each  of  these 
"electric    blocks"    is 
provided  with  a  bat- 
tery B,  and    is    con- 
nected electrically 
with  the  locks  on  the 
machines.     Suppose 
that  the  normal  course 
of  the  current  was  from 
^  £  at  £  to  tbe  lower 

rail,  and  thence 
through  the  magnet  i>— in  the  tower— return- 
ing through  1  to  B.  The  condition  at  L 
would  be  that  the  circuit  A  EX  would  be 
made  by  the  attraction  of  the  armature  A  by 
D.  When,  however,  the  forward  wheels  of 
the  train  enter  upon 
this  section  of  track, 
the  current  is  short- 
circuited  by  the  wheels 
and  axle.  The  circuit 
.^£.Yisthen  broken, 
as  shown  at  if,  by  the 
release  of  the   arraa- 


Before   expltuning 
the  operation  of  the 

system,  it  is  necessary 


to  acquaint  the  reader  with  the  principal  bell 
signals  now  in  uee  in  the  towers : 

One  bell:  "Yea.    All  right." 

Twobells:  "Train  has  cleared— passenger 
track," 

Twobells  and  one:  "Train  has  cleared — 
freight  track." 

Threebells:  "  Unlock  my  lever — passenger 
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Three  bells  and  one :  *  *  Unlock  my  lever — 
freight  track.'' 

Four  bells:  "Train  has  entered  block — 
passenger  track." 

Four  bells  and  one:  ** Train  has  entered 
block — freight  track." 

It  will  be  noticed  that  all  signals  for  freight 
tracks  are  the  same  as  for  passenger  tracks, 
except  that  they  are  followed  by  one  bell. 
Various  other  signals  are  provided,  but  these 
are  the  ones  in  ordinary  use. 

We  will  now  endeavor,  with  the  aid  of 
Figs.  5  and  6,  to  explain  the  working  of  the 
system.  X-Lj  Fig.  6,  represents  a  section  of 
passenger  track  ;  A^BjCj  and  D  are  signal 
towers.  The  large  semaphores  represent  the 
track  signals.  The  fronts  of  the  instruments 
for  this  particular  track  are  shown  below, 
while  the  short  space  under  each  tower 
bridge,  as  shown  at  a  6,  is  an  insulated  sec- 
tion of  track.  /  and  f  are  two  trains.  The 
passenger  train  /  is  in  the  block  X-Aj  and 
is  approaching  tower  A.  As  soon  as  train  1 
entered  this  block  it  was  announced  to  ^1  by 
the  man  in  the  tower  to  the  rear  by  four 
bells — "  Passenger  train  has  entered  block." 
The  track  circuit  at  X  dropped  ^'s  card  to 
**  Train  in  block,"  as  shown  over  instrument 
^,  Fig.  5.     ( It  will  be  noticed  that  the  card 


\ 
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position.  A  now  rings  two  bells  to  A", 
announcing  that  the  train  has  cleared,  and, 
as  soon  as  it  has  passed  his  tower  400  yards, 
returns  his  signal  to  danger,  and  his  card 
drops  to  **  Free  "  (see  instrument  4,  Fig.  5). 
If  A  should  neglect  to  return  his  signal  to 
danger,  his  card  would  remain  at  *'  Train  in 
block,"  and  he  would  be  unable  to  give  X 
an  unlock  for  a  following  train.  (Reference 
is  made  to  different  instruments  only  for  the 
sake  of  illustration.  These  changes  all  take 
place  in  the  instrument  governing  the  par- 
ticular track  occupied  by  the  train). 

B  asks  and  receives  his  unlock  from  C  in 
the  same  manner  as  explained.  After  the 
train  has  entered  block  B-C,  Casks  D  for  an 
unlock  ;  D  refuses  because  train  t  has  stopped 
in  the  block  C-D ;  C  is  therefore  unable  to 
lower  his  signal,  and  train  /  is  obliged  to 
stop  at  C  until  the  block  C-D  is  clear. 

The  above  is  an  explanation  of  the  work- 
ing of  the  system  under  ordinary  conditions  ; 
it  is  known  as  an  ''absolute  block  system" 
^^nly  one  train  in  a  block  at  a  time.  It 
becomes  to  an  extent  "permissive" — that  is, 
trains  are  allowed  to  pass  a  danger  signal 
under  certain  conditions,  as  follows : 

1.  When  signalman  is  absent  or  disabled. 

2.  When  the  signal    bell   fails  to  ring. 
The  tower,  man  then  gives 


fftsu/afioft-  — 


\ 

.n. 


the    engineer   a    "Caution 


W 
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is  not  fully  down. )  A  then  asked  B  for  an 
unlock  by  ringing  three  bells.  B  pulled  out 
the  brass  handle  on  his  instrument  govern- 
ing track  X-fy,  and  pushed  it  in  again  (called 
' '  plunging  " ) .  This  made  electrical  connec- 
tions, and  thus  raised  B's  card  to  "  Locked  " 
(see  instrument  2^  Fig.  5),  that  is,  his  instru- 
ment is  locked,  so  that  he  cannot  for  the 
present  give  another  unlock  ;  it  also  dropped 
A^%  miniature  semaphore  to  clear,  as  shown 
at  instrument  S,  Fig.  5.  A  has  now  received 
his  unlock,  and  has  pressed  the  button  over 
his  lever,  as  shown  in  Fig.  4,  which  made 
the  final  electrical  connection,  pulled  his 
lever,  and  lowered  his  signal  to  clear. 

Train  /  approaches  block  A-B,  As  soon  as 
it  strikes  the  insulated- track  section  at  A^ 
the  miniature  semaphore  flies  back  to  danger, 
and  his  card  drops  about  \  inch,  as  shown  at 
instrument  1,  Fig.  5.  The  track  circuit  also 
drops  ^*8  card   to  "Train  in  block,"  first 


Card,"   duly   dated   and 
—  signed,  stating  that  there  has 
been    no   answer   to    bells. 
The  engineer  proceeds  on  his 
own   responsibility   to   the 
next  tower,  where  he  must 
stop,  ascertain   the  trouble, 
and  report  by  wire  to  the  division  superin- 
tendent. 

3.  When  a  train  is  disabled  in  a  block. 
The  engineer  on  the  following  train  is  allowed 
to  proceed  with  caution  to  the  disabled 
train,  and  render  assistance. 

4.  Failure  of  apparatus. 

5.  When  a  work  train  is  in  block. 

6.  Freights  are  forwarded  with  caution 
card  on  tracks  S  and  4  if  the  block  is  not 
clear  at  the  expiration  of  15  minutes  after 
the  preceding  train  has  passed  the  tower. 

7.  In  case  of  trains  passing  towers  without 
markers"  (the  flags  or  lamps  on  the  rear 

coach,  which  indicate  the  end  of  the  train), 
the  signalmen  in  advance  and  rear  are  noti- 
fied by  the  bell  code.  Thus,  if  B,  Fig.  7, 
notices  that  a  train  passed  him  without 
markers,  he  notifies  A  and  C  by  the  code. 
C  then  displays  a  green-and-white  signal, 
which  notifies  the  approaching  engineer  that 
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his  train  has  parted.    A  allows  the  foUowiDg 
train  to  proceed  with  caution. 

8.  When  train  is  backing  off  or  crossing 
over. 

It  will  be  seen  that  the  system  on  the 
pajssenger  track  is  *'  permissive,"  only  under 
abnormal  conditions^  and,  so  long  as  the 
engineer  obeys  the  signals,  collision  is 
impossible. 

In  places  where  there  are  cross-overs,  the 
towers  are  ''interlocking'';  that  is,  the 
levers  are  so  interlocked  that  it  is  impossible 
to  give  a  clear  signal 
unless  all  switches  are 
set  in  their  proper  posi- 
tions for  the  passage  of 
the  train.  This  pre- 
vents a  passenger  train 
from  rushing  on  to  a 
shifting  engine  or  on 
to  a  train  standing  in 
the  depot.  As  these 
towers  are  complicated 
in  their  arrangement, 
it  requires  consider- 
able experience  to 
manipulate  them,  al- 
though the  result  of  an 
error  would  merely  be  " 

to  stop  the  train. 

Each  signalman  is  required  to  keep  a 
record  of  the  passage  of  the  train,  the  time 
when  rung  in,  the  time  of  passing  the  tower, 
and  the  time  of  clearing  the  block.  In  these 
reports,  the  superintendent  of  signals  for 
that  division  has  a  triplicate  record  of  the 
passage  of  the  train  from  one  end  of  the 
division  to  the  other. 

The  signal  department  is  under  the  super- 
visicm  of  the  assistant  superintendent  of 
signals  of  each  division.  He  is  in  charge  of 
the  following  corps  of  men  :  signal  inspector. 
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division  electrician,  electricians,  batterymen,      the  world. 


linemen,  carpenters,  painters,  lampmen,  and 
signalmen.  On  the  main  line  of  the  New 
York  Central  there  are  212  towers,  placed  at 
points  varying  from  i  mile  to  5  miles  apart. 
To  the  outsider  the  system  seems  beauti- 
fully simple,  both  in  conception  and  in 
operation,  but  its  growth  to  the  present 
stage  of  success  has  been  the  fruit  of  hard 
and  persistent  labor. 

The  object  of  its  promoters  is  apparent. 
As  a  business  invesljnent,  the  system  paid 
for  itself  in  a  short  time,  notwithstanding 

the  enormous  cost  of 
installation  and  opera- 
tion, and  losses  from 
accidents  and  damage 
suits  have  become  a 
rarity  compared  with 
the  experience  of  pre- 
vious years.  But  this 
is  not  the  only  result 
sought  or  end  attained. 
The  efficiency  of  the 
system  is  such  that  the 
New  York  Central  is 
enabled  to  run  a  far 
greater  number  of 
trains,  ata  much  higher 
rate  of  speed,  than 
would  be  possiblewith- 
out  it,  and  the  traveler  who  is  whirled  along 
at  60  or  70  miles  per  hour,  with  the  assurance 
that  he  is  as  safe  from  accident  as  if  he  were 
on  the  ordinary  trolley  car,  certainly  ought 
to  honor  the  brains  and  energy  of  the  men 
who  made  such  a  thing  possible,  and  who 
earned  for  the  New  York  Central  the  repu- 
tation of  being  the  best  signale(i  road  in  the 
country,  and  who  have,  in  conjunction  with 
the  manufacturers  of  improved  rolling  stock, 
and  the  inventors  of  safety  appliances,  made 
the  luxury  of  American  travel  the  talk  of 
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TOO  MUCH  ORIGINALITY. 


THCHE  was  once  a  young  man  who  started 
out  in  life  with  the  idea  of  being  origi- 
nal. He  wasted  so  much  time  in  find- 
ing oat  for  himself  what  other  people  could 
have  told  him,  if  he  had  only  condescended 
to  ask,  that  when  he  died  he  was  away 
behind  the  times,  and  had  accomplished 
nothing  worth  talking  about. 


In  order  to  be  original  in  a  useful  manner, 
it  is  not  necessary  to  begin  at  the  beginning 
"all  by  your  lonesome"  ;  it  is  better,  in  fact, 
to  learn  all  that  you  can  from  others,  to  find 
out  all  that  hoi  been  done  in  your  line  of 
work,  to  reap  what  others  have  sown,  and 
then,  and  not  till  then,  to  attempt  independ- 
ence and  originality. 


IN  THE  AA/'ORKSHOP. 

H.Rolfe. 

A  Troublesome  Quarter-Turn  Belt  Drive — Evils  of  Too  Much  Crowning — ^An  Over- 
loaded Belt — ^How  Smooth  a  Pulley  Face  Should  Be. 


MR.  LOGSAW,  the  sawmill  foreman  of 
the  G.  S.  Ridlroad,  was  in  a  bad  temper. 
A  certain  large  quarter-turn  belt  had 
been  vexing  his  soul  for  some  time,  hav- 
ing developed  a  propensity  for  running  oflf 
whenever  all  the  machines  *  *  got  on ' '  together. 
He  had  sent  word  to  Mr.  Blunt,  the  foreman 
fitter  and  millwright,  and  he,  on  ascertain- 
ing the  facts  of  the  case,  had  told  one  of  his 
men — Plumb  by  name — to  put  larger  pulleys 
on  both  shafts,  and  had  also  embraced  the 
opportunity  to  tender  the  sawmill  people, 
by  proxy,  a  little  fatherly  advice  on  the 
proper  way  to  treat  a  belt,  laying  special 
stress  on  the  fact  that  a  liberal  use  of  the 
resin  keg  was  only  one  way — and  a  very  poor 
one,  too— of  dealing  with  a  slipping  belt. 
These  remarks  upset  Logsaw,  and  at  first  he 
was  inclined  to  go  up  and  have  it  out  with 
his  confrere ;  he  thought  better  of  this,  how- 
ever, and  went  up  to  the  docks  instead, 
ostensibly  to  look  up  some  mahogany  logs, 
but  really  to  vent  his  spleen  on  the  timber- 
merchant's  men;  he  knew  they'd  take  it 
gracefully,  for  his  Company  was  their  best 
customer. 

Plumb  had  been  down  to  the  mill  with  the 
new  pulleys,  and  was  ready  for  hanging 
them,  by  the  time  the  next  meal  hour  had 
arrived,  and  reported  that  Logsaw  had  gone 
up  town.  So  Blunt  thought  he'd  step  down 
and  take  a  look  at  things  for  himself— pre- 
ferring to  do  this  during  the  absence  of  the 
enemy.  He  took  with  him  Plumb's  appren- 
tice, Tom,  partly  because  he  was  a  relation 
of  his,  and  partly  because  he  liked  to  have 
an  audience  when  airing  his  knowledge.  The 
first  thing  that  struck  him  **  right  between 
the  eyes"  was  the  state  of  the  face  of  the 
driven  pulley.  It  would  have  made  a  really 
good  mirror. 

"It's  pretty  evident,"  he  said,  "that  that 
belt  is  overloaded ;  if  there  were  no  slipping, 
the  face  of  that  pulley  would  be  a  dull  lead 
color ;  you  can  always  tell  by  the  appearance 
of  the  face  how  matters  stand  in  that  respect. 

"In  the  next  place,  I  see  there  is  far  too 
much  *  crowning'  to  the  pulley.  Suppose  you 
get  a  ladder,  Tom,  and  measure  how  much 
there  w." 


"All  right,  sh-,"  said  Tom. 

"Before  you  go  up,"  said  Blunt,  "I'll 
show  you  how  to  do  the  measuring.  I'll 
make  a  sketch  of  it.  [See  Fig.  I.]  You  can 
get  the  diameter  d  of  the  edge  of  the  pulley 
by  measuring  the  distance  a  with  your  foot- 
rule,  multiplying  this  by  2,  and  adding  the 
diameter  of  the  shaft.  To  get  diameter  2), 
you'll  want  a  large  pair  of  calipers ;  deduct 
the  belt  thickness  from  the  calipered  dis- 
tance, and  you  have  it.  Then  half  the  dif- 
ference between  D  and  d  is  the  amount  of 
crowning." 

"I  can't  do  that,"  said  Tom,  "because  I 
haven't  a  large  enough  pair  of  oolipers ;  and 
I  can't  run  a  tape  around,  because  the  belt's 
in  the  way." 

"Well,"  said  Blunt,  "never  mind  the 
diameter  at  all,  then  ;  get  a  piece  of  fV'^^^^ 
pin  wire,  and  bend  it  to  the  curve  of  the 
rim,  mark  the  shape  off  on  something  fiat, 
and  get  at  the  crowning  that  way." 

Tom  did  so,  and  found  that  the  pulley 
had  a  full  i  inch  of  crowning ;  that  is,  D 
was  more  than  an  inch  larger  than  d ;  and 
the  pulley  was  only  10 J  inches  wide. 

Blunt  nearly  had  a  fit  over  this ;  such  an 
amount  of  crowning  was  too  much  for  him. 

"Now look  here, 
my  lad,"  said  he, 
"j  ust  you  tell 
Plumb,  from  me,  to 
either  throw  that 
thi  ng  in  to  the 
cupola  or  else  turn 
some  of  the  crown 
off*,  ready  for  its 
next  job.  It's  pre- 
posterous as  it  is 
now ;  the  belt 
hasn't  had  a  fair 
show  at  all ;  see  how  it's  hollowed  crosswise, 
trying  to  fit  itself  to  the  face  of  the  pulley — 
and,  by  the  way,  it  looks  to  me  as  if  the  driving 
pulley  didn't  have  the  same  amount  of  crown- 
ing, for  the  belt  seems  to  fiatten  out  near  the 
fioor.  Just  go  underneath ,  and  bend  your  pin 
wire  across  the  rim ;  and  take  the  width  too." 

Tom  did  so,  and  found  the  face  was  11 
inches  wide,  and  had  only  J  inch  crown. 


Fig.  1. 
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"There  now,"  said  Blunt,  "juat  look  at 
that  I  Why,  the  belt  never  had  a  chance. 
The  pulley  you've  just  measured  ia  about 
right,  but  two  pulleys  that  ran  together 
ehould  always  have  the  same  curvature  ;  eo, 
although  this  driving  pulley  ia  al!  right  in 
itself,  it  would  really  have  been  better, 
under  the  drcumstancee,  if  it  had  had  the 
eame  crowning  bb  the  other  one.  As  they 
ue  now,  one  ia  'langbing  at  the  tither,' 
u  an  old  (breman  of  mine  used  to  Bay.  If 
both  pnlleye  had  the  eame  crown,  the  belt 
would  gradually  take  that  particular  curve 
and  remain  so,  thus  obtaining  good  pulley 
contact.  Ab  it  ia  here,  it  keeps  on  trying  to 
adapt  itself  to  each  in  turn,  and  can  make 
iMly  a  poor  shoir,  at  beet." 

"Perhaps,"  loggeeted  Tom,  "this  driven 
pulley  wasn't  the  one  originally  pnt  np,  bnt 
has  been  turned  down  by  somebody  who 
thought  that,  for  a  quarter-turn  drive,  more 
crowning  was  necessary.  Certainly  the  belt 
teems  tohavealeesBtraightforward  job  than 
in  an  ordinary  drive,  and  I  should  think  the 
tendency  to  leave  the  pulley  was  greater." 

"Well,  however  that  may  be,"  said  Blunt, 
"I  have  never  made  any  difference  in  that 
reepect  between  this  and  an  ordinary  drive. 
Bight  or  wrong,  auch  has  been  my  practice. 
Anyway,  tell  Plumb  to  put  on  48-iDch  and 
32-inch   pulleys,   and   to  give    them   a  full 

"  Very  well.  By  the  way,  sir,  the  larger 
pnlleya  will  be  quite  a  good  deal  easier  un 
the  belt,  won't  they?" 

"  Certainly ;  the  pulleys,  being  four-thirda 
aa  lai^  as  before,  the  etrain  ou  the  belt  will 
be  only  three-fourths  of  what  it  is  now — 
quite  a  consideration." 

"I  see.  This  morning,"  Tom  went  on, 
"  one  of  the  men  was  showing  us  a  sketch  of 
a  taper  belt  that  he  once  saw  used  on  a  quar- 
ter-tarn. Plumb  said  he  also  had  heard  of 
them  being  used  ;  and  he  expltuned  to  me 
afterwards  that  many  ictaemee  have  been 
tried  to  help  this  kind  of  a  drive.  Ouce,  he 
Hud,  he  tried  a  belt  madeap  of  three  narrow 
ones  side  by  side,  connect«d  at  intervals  by 
thin  transverse  Etrips ;  and  this  anawered 
very  well,  but  he  thinka  it  would  have  done 
the  trick  much  better  if  he  had  made  the 
(trips  of  unequal  lengths,  provided  he  got 
the  right  lengtba." 

"Well,  I  think  that  very  likely  ;  and  it 
reminds  me  of  a  new  belt  that  I  saw  adver- 
tised ia  this  week's  '  Engineer.'  A  quarter- 
turn  belt,  you  must  understand,  hangs  loose 
on  the  inside  of  the  twist,  which,  therefore, 
does  very  little  of  the  driving.    Most  of  the 


work  comea  on  the  outer  part  of  the  belt ; 
the  wider  the  belt,  the  more  noticeable  this 
is.  Well,  the  belt  I  saw  adverUsed  has  a 
long  edge  and  a  short  edge.    The  customer 

gives  the  maker  the  diameters  of  the  driving 
and  driven  pulleys,  and  they  make  the  belt 
to  suit.  It  is  claimed  that  the  belt  is  just 
the  thing  for   both  quarter-   and   half-turn 

"But  there'a  another  kind  of  belt  I  want 
to  tell  you  about,  while  we're  discussing  the 
subject,  and  that  ia  a  flexible-center  link 
belt.    This  belt  is  particularly  useful  where 


for  any  reason  you  have  to  connect  two 
pulleys  that  have  different  crownings.  It 
consists  practically  (aa  shown  in  Fig.  2)  of 
two  link-belts  hinged  ti^ether  at  the  center 
in  such  a  way  astopermitarelativesiotionof 
the  two  halves.  Suppose  you  had  an  engine 
with  a  flywheel  whose  face  was  perfectly 
flat,  and  you  wished  to  drive  a  dynamo 
whose  bandwheel  was  considerably  crowned. 
Such  a  thing  would  be  "rough"  on  an 
ordinary  belt,  and,  considering  the  nature  of 
the  work,  you  ought  to  have  the  beat  con- 
nection obtainable.  This  belt  would  meet 
the  case.  It  lies  down  to  each  pulley  &ce  in 
turn,  without  making  any  fues  about  it." 

"Yea,  sir,"  said  Tom,  "I  can  see  that. 
But  now,  with  r^ard  to  these  two  pulleys 
here,  isn't  there  any  way  of  'doctoring' 
them,  and  ao  saving  the  expense  of  two  new 

"Oh,  yes;  you  might  cover  the  driven 
pulley  with  leather  ;  that  would  give  the  belt 
a  better  hold,  and  it  would  stand  up  to  ib< 
work  much  better." 

"But  you  said  it  was  overloaded,"  inter- 
posed Tom. 

"  So  it  is — under  present  conditions.  When 
the  load  on  a  belt  reaches  a  certain  point, 
the  belt  will  either  break,  slip,  or  run  off. 
Like  most  other  things,  it  chooses  the  line 
of  least  resistance.  In  this  case,  it  runs  off. 
But  this  does  not  prove  that,  if  made  to  stay 
on,  it  would  not  do  the  work.  Well,  cover- 
ing the  face  with  leather  "iojIw  it  stay  on — up 
to  a  certain  limit.  Still,  no  amount  of 
adhesion  between  pulley  and  belt  will  make 
the  latter  do  more  than  a  certain  amount  of 
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work,  and  from  what  I  can  see  of  this  shop, 
when  all  these  heavy  machines  are  running 
at  once,  I  judge  that  the  belt  is  not  equal  to 
the  demands  made  on  iV* 

"Seems  to  me,  sir,  if  you'll  pardon  my 
saying  so,  that  there's  some  rank  heresy 
knocking  around  here  somewhere.  You 
seem  to  be  lamenting  the  fact  that  the 
pulley  is  smooth.  Now,  I  thought  a  pulley 
ought  to  be  as  smooth  as  you  can  get  it ; 
what  you  say  makes  me  think  of  the  early 
locomotive  men,  who  would  insist  on  making 
the  rail  a  rack,  taking  it  for  granted  that  the 
smooth  rail  wouldn't  give  the  wheels  '  bite ' 
enough." 

"Steady,  my  lad,  steady!  It  should 
scarcely  be  necessary  to  tell  you  that  it  is 
not  a  good  plan  to  work  a  belt  up  to  any- 
thing like  its  full  capacity  ;  if  you  do,  it 
certainly  won't  last  long ;  it  will  have  no 
margin  to  draw  upon  during  emergencies. 
Therefore,  the  friction  obtained  with  smooth 
pulleys,  if  the  pulley  diameters  are  judiciously 
chosen,  is  suilicient.  Still  the  fact  remains 
that,  by  increasing  the  friction  between  belt 
and  pulley,  you  can  get  more  work  out  of 
the  same  belt,  and,  where  the  load  is  subject 
to  occasional  heavy  increases,  such  a  proceed- 
ing is  sometimes  warranted. 

"  But,"  continued  Blunt,  **  you  don't  seem 
to  understand  what  I  mean  here  by  a 
'  smooth '  surface.  Look  at  a  pewter  teapot 
in  a  silversmith's  window,  and  note  its  bril- 


liant surface.  That's  what  yonder  pulley  is 
like.  Now  expose  that  teapot  to  the  weather 
for  a  week  or  two,  and  its  surface  will  look 
like  that  of  an  old  lead  pipe ;  that  is  the  kind 
of  surface  you  want  on  your  pulley — a  dead- 
smooth  surface.  It  isn't  as  beautiful  to  look 
at,  I  know,  but  it's  a  much  better  surface  for 
belt  driving,  and  is  what  we  mean  when  we 
talk  of  a  smooth  pulley. 

"  In  the  present  case,  the  trouble  is  that 
they  have  kept  on  putting  down  new 
machines,  at  intervals,  but  have  left  the 
driving  gear  as  originally  planned." 

"Well,"  said  Tom,  "why  not  keep  the 
pulley  diameters  as  they  are,  but  put  up 
wider  ones,  and  use  a  wider  belt?" 

* '  For  two  reasons.  Belts  cost  money,  and 
this  one  is  about  45  feet  long.  If  you  merely 
put  on  larger  pulleys,  you'll  only  have  to  add 
a  couple  of  feet,  or  so,  to  the  length  of  the  belt, 
whereas  a  wider  belt  will  mean  that  you  will 
still  have  to  put  on  two  new  pulleys,  and 
will  have  to  pay  for  an  entire  new  belt  as 
well ;  you  will  also  have  the  disadvantage  of 
a  wider  belt — a  thing  to  be  avoided  on  a 
drive  of  this  kind.  So,  although  a  leather 
covering  is  all  right  where  the  belt  is  up  to 
its  average  load,  but  is  occasionally  over- 
loaded, yet  it  is  not  to  be  reconmiended  in 
the  present  case,  for  there  would  still  be 
that  excessive  crowning  present,  and  that 
alone  is  against  the  belt  doing  its  proper 
work." 


(7b  be  QyrUinued.) 


DEVELOPMENTS,   OR   LAYOUTS. 

D.  C.  Reusch. 

The  Development  of  the  Surface  of  a  Solid,  Considered  as  a  Rolling  Process — Appli- 
cation OF  THE  Process — Practical  Examples. 


IN  MANY  branches  of  industry,  a  knowl- 
edge of  how  to  develop  the  surface  of  a 
solid  is  very  useful.  By  developing  is 
here  meant  the  unfolding,  or  laying  out,  of  a 
curved  surface,  upon  a  flat  surface,  or,  what 
is  practically  the  same  thing,  the  outlining  of 
a  flat  sheet  or  plate  in  such  a  manner  that, 
when  bent  or  curved  to  constitute  a  solid, 
the  latter  shall  be  of  the  desired  form  and 
dimensions. 

In  the  shops  of  boilermakers,  tinsmiths, 
and  sheet-metal  workers  generally,  the 
ability  to  make  such  developments,  or  lay- 
outs, as  they  are  usually  termed,  is  called 


into  requisition  pretty  nearly  every  day,  and 
is  a  most  useful  accomplishment.  Yet,  some- 
how, the  necessary  knowledge  is  not  very 
widespread,  and  is  generally  looked  upon  as 
difficult  to  acquire.  The  reason  for  this  may 
be  that  the  subject  is  too  often  treated 
merely  as  a  branch  of  **  projection,  and  the 
intersection  of  solids,"  and  therefore,  in 
reality,  as  the  projection  and  intersection  of 
lirws.  To  ordinary  practical  men,  this  man- 
ner of  treating  the  subject  is  of  too  abstract 
a  nature  and  too  difficult  to  grasp,  because 
they  are  unable  to  see  the  reason  and  bear- 
ing  of    the    various   manipulations.      The 
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Fig.  1. 


writer  believes  that  the  more  direct  and 
tangible  manner  of  treating  the  subject, 
which  is  here  attempted,  makes  it  much 
easier  to  grasp,  and  that  it  will  be  under- 
stood and  appreciated  by  many  to  whom  the 

subject  is  now  a  closed 
book;  he  also  hopes 
that,  although  not  as 
complete  as  might  have 
been  desired,  it  will 
still  be  sufficient  to 
demonstrate  the  main 
idea,  and  be  of  some 
assistance  to  the  practical  man. 

If  a  sheet  of  brass  handsomely  ornamented 
by  means  of  perforations,  as  in  Fig.  1,  were 
handed  to  us,  with  instructions  to  reproduce 
it,  or  make  a  copy  of  it,  we  would  not  for 
one  moment  be  at  a  loss  what  to  do.  We 
would  either  blacken  its  whole  surface,  and 
press  it  ajzainst  a  sheet  of  white  paper,  or 
else  trace  the  outlines  of  the  design  by  means 
of  a  pencil  point ;  in  either  case  taking  what 
might  be  termed  an  imprint,  or  impression, 
of  the  plate. 

Now,  the  whole  art  of  obtaining  the  out- 
line of  a  surface  which  encloses  a  solid  body 
if  nothing  but  the  making  of  an  imprint  of 
said  surface  upon  a  sheet  of  paper.  After 
once  obtaining  such  an  imprint,  it  should  be 
an  easy  matter  to  cut  it  out  and  use  it  as  a  pat- 
tern for  making  any  number  of  copies,  either 
in  sheets  of  iron,  brass,  cardboard,  or  any 
other  material.  When  the  pattern  is  bent 
into  the  required  form,  it  should  constitute 
an  exact  copy  of  the  solid  or  hollow  rigid 
body  from  which  the  imprint  was  taken. 

But,  the  question  may  be  asked,  how 
make,  upon  a  flat  surface,  an  imprint  of  a 
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solid  body,  such,  for  instance,  as  a  cylinder? 
The  answer  to  this  question  is :  If  the  whole 
surface  cannot  be  traced  at  once,  it  may  be 
possible  to  make  a  copy  of  it  by  means  of  a 
succession  of  imprints-— in  other  w^ords,  by 
roQmg  the  body  over  the  paper.  An  example 
will  make  this  clear:  In  Fig.  2  there  is 
shown  a  cylinder  ^  ;  it  is  desired  to  make, 
on  the  sheet  of  paper  P,  an  imprint  of  the 
cylinder's  curved  surface.  If  a  radius  a  6  is 
marked  on  one  of  the  end  surfaces,  and  the 


cylinder  covered  with  a  thin  coat  of  color, 
an  imprint  of  the  curved  surface  can  be 
obtained  in  the  following  manner:  Place 
the  cylinder  in  the  position  indicated,  that 
is,  with  the  outer  end  b  of  the  radius  touch - 


Fig.  3. 

ing  the  paper,  and  roll  it  to  the  right  until  it 
has  made  one  complete  revolution,  or  until 
the  radius  a  b  again  points  vertically  down- 
wards, as  shown  in  dotted  lines. 

If  the  body  is  a  cone  instead  of  a  cylinder, 
its  surface  can  be  copied  in  a  similar  manner, 
but,  while  rolling,  it  will  behave  somewhat 
diflerently.  Fig.  3  shows  the  shape  of  the 
surface  traced  by  rolling  the  cone.  To 
obtain  it,  proceed  exactly  as  in  the  previ- 
ous example,  but  notice  that  the  cone  traces 
a  portion  of  a  circular  surface  whose  center 
is  at  c.  Why  this  is  so  it  is  perhaps  unneces- 
sary to  demonstrate  here ;  yet  a  brief  expla- 
nation may  not  be  altogether  out  of  place : 
Referring  to  Fig.  4,  a  shaft  ab  has  rigidly 
connected  to  it  a  series  of  circular  disks 
2, ;?,  5,  etc.,  the  diameters  of  which  decreat^e 
towards  end  a  in  such  a  manner  that  the 
general  outline  is  a  cone  whose  apex  is  a. 
The  diameter  of  disk  6  is  exactly  half  that  of 
disk  1 ;  the  former  will  therefore  travel  just 
half  as  far  as  the  latter  during  one  revolution 
of  the  shaft,  while  point  a,  being  without 
measureable    d  i- 
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mensions,  will  re- 
main stationary. 
If,  for  the  sake 
of  argument,  we 
now  suppose  that, 
while  rolling  over 
once,  the  disks 
travel  along 
straight  lines,  the 
whole  combina- 
tion will  eventu- 
ally occupy  the 
position  a  6^  1\ 
point  a  remaining  stationary,  and  disk  1 
traveling  twice  as  far  as  disk  6.  But  we 
see  at  once  that  the  distances  between  a 
and  5^,  and  6^  and  1^,  are  greater  than  dis- 
tances a  6^  61,  which  means  that  the  disks 
had  to  slide  upon  the  shaft  a  6  to  reach  their 
new  positions ;  this  being  impossible,  we 
come  to  the  conclusion  that  the  only  way  in 
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which  the  combination  can  roll,  a  remain 
stationary,  and  the  original  distances  between 
the  disks  be  unchanged,  is  for  each  disk  to 
roll  along  thearcof  a  circle  whose  center  is  a. 
We  see  the  Bame  conditions  fulfilled  when 
a  line  of  soldiers  turns  a  comer,  the  inside, 
or  pivot,  man  remaining  stationary,  while 
the  othera,  their  steps  increasing  in  length  as 


they  are  farther  away  from  him,  walk  along 
circular  arcs. 

Referring  ^^in  to  the  manipulations  illus- 
trated in  Figs.  2  and  3,  it  may  be  said  that 
tbetwo bodies bavesimply been  "skinned"  ; 
in  other  words,  they  were  given  an  artificial 
skin,  and  this  was  left  behind  on  the  fiat  sur- 
face of  the  paper  over  which  they  were  rolled. 

This  unrolling,  or  unfolding,  of  the  mir- 
facee  of  a  solid  or  hollow  rigid  boiiy  is  in 
reality  all  that  the  science  of  development 
consists  of,  and  the  various  problems  that 
present  themselvee  in  the  workshop  can  gen- 
erally be  resolved  into  the  unfolding  of  either 
a  prism,  cylinder,  pyramid,  cone,  or  some 
combination  of  them. 

Looked  at  in  this  way,  and  with  the  object 
in  front  of  us  ready  for  "skinning,"  the 
whole  thing  appears  rather 
simple;  but  when  it  comes 
to  developing  an  object  that 
has  not  yet  been  made,  the 
surface  of  which  has  first 
to  be  laid  out  on  paper,  the 
process  appears  more  com- 
plicated.   Here,  however,  it 
should  be  remembered  that, 
although  in  such  a  ca^e  we 
cannot  take  up  the  object 
bodily    and     perform     the 
manipulations  described,  it 
is  just  as  easy  to  draw  upon  paper  the  out- 
line of  the  skin  of  the  body,  if  we  have  but 
clearly  in  mind  how  we  would  proceed  with 
the  material  body  itself 

Let  us  begin  with  a  simple  case,  and  take 
a  piece  of  pipe  A,  Fig.  5, 6  inches  in  diameter 
and  24  inches  long.  It  is  desired  to  find  the 
dimensions  of  an  iron  plate  which,  when 
rolled  into  cylindrical  form,  will  make  a  pipe 
of  exactly  the  same  dimensions.    In  thisand 


succeeding  examples,  the  additional  length 
required  for  making  the  joint  or  seam  is  left 
out  of  consideration  ;  in  practice  the  nllow- 
ance  is  made  after  the  other  dimensions  have 
been  found,  and  is  a  simple  matter.  It 
should  also  be  noted  that  it  is  unnecessary 
to  consider  more  than  one-half  of  any 
symmetrical  object ;  in  thiscase,  for  example, 
the  parts  on  either  side  of  the  diameter  a  h 
are  exactly  alike,  and  only  that  on  one  side 
need  be  considered. 

If,  now,  we  imagine  points  a  and  b  to  be 
the  extremities  of  a  diameter  of  one  end  of 
the  pipe,  and  lines  ad  and  be  to  be  scribed 
along  the  surface  parallel  to  the  axis  X Xx. 
we  shall  obtain  other  points  d  and  c,  also 
diametrically  opposite  each  other.  By  pla- 
cing a  vertically  above  6,  the  line  he  will  be 
in  contact  with  (he  paper,  and  may  be  looked 
upon  as  the  middle  line  of  the  cyhndrical 
surface.  If  the  cylinder  is  now  rolled  to  the 
right,  the  line  a  d  will  eventually  come  down 
upon  the  paper  as  indicated  by  the  dotted 
cylinder  A'.  This  line  ad  upon  the  paper 
will  then  represent  one  end  of  the  required 
plate ;  and,  if  we  roll  the  cylinder  back  to 
its  original  position  and  then  on  to  the  left, 
the  line  ad  on  A  will  again  come  in  contact 
with  the  paper,  and  thus  mark  off  the  other 
end  of  the  plate. 

Of  course  this  rolling  of  the  cylinder  is  an 
imaginary  process,  all  that  we  really  wish  to 
know  being  how  far  to  the  right  and  the  left  of 
6  e  are  the  two  lines  o  d  on  the  paper,  which 
the  cylinder,  {factually  rolled,  would  imprint. 

Evidently  the  cylinder  has  made  half  a 


PlQ.  fl. 

revolution  by  the  time  It  reaches  its 
position  to  the  right,  and  it  is  therefore  only 
necessary  to  know  the  length  of  half  the 
circumference  of  the  circle  a  b  toenableus  to 
make  the  required  development,  or  layout. 
The  whole  circumference  =  6  in.  X  3.1416 
(3.1416  being  the  number  by  which  the 
diameter  of  a  circle  must  be  multiplied  to 
obtain  the  circumference)  ^  18.85  inches; 
half  this  is  9.425  inches,  which  is,  therefore, 
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the  length  of  the  line  6  a  as  marked  out  by 
rolling  the  cylinder  to  the  right.  Rolling  it 
to  the  left  we  get  another  b  a,  which  is  also 
9.425  inches  long.  The  total  length  of  aba 
on  the  paper  is  therefore  9.425  in.  X  2  =  18.85 
inches,  and  an  iron  plate  18.85  inches  long 
by  24  inches  wide  will  be  sufficient  to  make 
the  required  pipe. 

But  how  is  it  that  the  width  of  the  plate 
is  so  easy  to  determine,  while  the  length 
requires  calculating?  This  is  a  simple  ques- 
tion when  dealing  with  a  cylinder,  but  is 
nevertheless  a  matter  of  great  importance. 
There  is  a  difference  between  distances 
marked  off  parallel  to  the  axis  XX^  and 
those  marked  off  at  right  angles  to  it ;  to  insure 
a  complete  understanding  of  this  part  of  the 
subject,  we  will  study  Fig.  6.  Here  we  have 
a  skeleton  cylinder  built  up  of  wires — longi- 
tudinal straight  wires  ad,  a^  di,  etc.,  and  cir- 
cular hoops  as  shown.  Now  it  is  easy  to  see 
that,  when  the  cylinder  rolls,  say,  to  the 
right,  the  imprints  made  by  the  longitudinal 
wires  must  be  precisely  equal  in  length  to  the 
wires  themselves ;  and  it  is  just  as  evident 
that  the  diameter  a  6  of  the  cylinder  is  con- 
siderably shorter  than  the  distance  6  o  on  the 
paper.  This  is  because  the  cylinder  has  to 
make  half  a  revolution  before  point  a  on  the 
cylinder  makes  its  imprint  a  on  the  paper, 
the  distance  6  a  on  the  paper  being  equal  to 
half  the  circumference  of  the  cylinder.  It 
follows  from  this  that  each  of  the  imprinted 
distances  6  a,  g^g,  etc.  must  be  much  longer 
than  the  diameters  of  the  wire  hoops  that 
produced  them,  and  also  that  the  lengths  of 

( To  be  Concluded  in 


the  imprinted  distances  ay,  gfj  etc.  between 
the  hoops,  are  precisely  equai  to  those  of  the 
wires  that  produce  them.  We  come,  then,  to 
the  conclusion  that,  while  rolling  either  way, 
each  of  the  hoops  will  imprint  a  straight 
line  equal  in  length  to  half  its  circumfer- 
ence, and  that  the  distances  between  any 
two  of  these  imprints  will  be  the  same  from 
end  to  end,  and  precisely  equal  in  length  to 
the  actual  distance  between  the  hoops.  It  is 
evident  also  that  the  distance  between  any 
two  of  the  straight  wires,  ad  and  a,(4,  for 
instance,  is  not  the  same  as  the  imprinted 
distance.  In  this  case  the  actual  distance 
between  the  wires  is  represented  by  the 
dotted  line  aa^^  and  this  is  evidently  shorter 
than  the  curved  line  a di a^a^.  Whatever 
proportion  the  length  of  the  curved  wire  aa^ 
is  of  the  circumference  of  the  hoop,  the  same 
proportion  will  the  imprinted  distance  aa^ 
be  of  the  line  6  a  on  the  paper. 

In  the  case  presented  it  will  be  noticed 
that  the  several  straight  wires  divide  the 
half  surface  of  the  cylinder  into  four  equal 
parts,  and  that,  consequently,  the  imprinted 
lines  on  the  paper  are  also  divided  into 
four  equal  parts.  The  several  lines  on  the 
imprinted  rectangle  be  da  intersect  one 
another  at  points  by  means  of  which  any 
point  on  the  curved  surface  of  the  cylinder 
can  readily  be  located  on  the  layouts.  From 
this  we  see  that,  if  the  surface  of  a  cylinder 
or  other  solid  body  is  perforated  with  holes  in 
various  places,  it  is  easy  to  find  the  actual 
distances  between  them,  and  then  locate  them 
on  the  layout. 
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And  Incidentally  How  Not  to  Make  Ueo  of  Thenti, 


IN  THE  October,  1898,  number  of  the  New 
York  "Electrical  Review,"  and  under 
the  above  title,  a  prominent  electrical 
engineer  is  represented  as  demonstrating,  for 
the  amusement  of  his  friends,  what  a  little 
mathematics  is  capable  of  doing.  Those  who 
can  appreciate  a  joke  will  find  both  instruc- 
tion and  amusement  in  the  following  extracts : 

**  Give  me  juice  enough,  as  we  electrical 
people  call  it,  and  1*11  make  a  gun  which 
could  be  installed  at  Key  West  and  land 
shells  in  Havana. 

"You  think  that  incredible?  Not  at  all. 
Let's  make  a  few  figures.  The  range  of  a 
gun  is  determined  by  squaring  the  velocity 


in  feet  per  second,  multiplying  by  the  sine 
and  cosine  of  the  angle  of  maximum  range, 
and  dividing  by  gravity  ;  or,  as  the  ordnance 
officers  write  it : 

T»  •    r    ^        F*  X  sin  a  cos  a 

Range  m  feet  =         ^    -  - 

9 

which  in  simple  arithmetic  means,  roughly, 

V^  X  .0155,  where  V  represents  the  muzzle 

velocity  of  the  projectile. 

"A  gun  giving  a  muzzle  velocity  of  2,000 

feet  per  second  has  therefore  a  range  of  about 

12  miles  ;  while  one  giving  a  muzzle  velocity 

of  6,000  feet  per  second  would  carry  108 

miles.    Of  course,  air  friction  would  cut  these 

ranges  somewhat,  but  if  I  made  a  gun  to  give 
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a  muzzle  velocity  of  a  little  more  than  6,000 
feet  per  second  in  air,  I  could  throw  a  pro- 
jectile from  Key  West  to  Havana. 

"This  is  of  course  beyond  the  power  of 
any  powder.  Electrically,  however,  it  can 
be  done.  All  I  want  is  a  corking  big  long 
solenoid,  built  in  sections,  and  the  sections 
energized  successively  so  as  to  pull  on  and 
continuously  accelerate  a  core  inside — the 
core  being  the  shell  itself.  Do  you  see  what 
a  simple  thing  that  amounts  to  ?  The  shell 
would  start  very  gently  from  a  state  of  rest, 
and,  suffering  no  shock  whatever,  could  be 
filled  with  guncotton  and  provided  with  a 
percussion  fuse. 

"  Now  as  to  the  energy  required.  This  I 
have  figured  out  by  means  of  the  very  simple 
formula, 

WX  F' 
Foot-pounds  -  —  y — , 

and  I  find  it  under  certain  assumed  condi- 
tions to  be  13,976,000  foot-pounds.  Allowing 
1  second  of  time  for  the  shell  to  be  acted  on, 
this  would  mean  25,380  horsepower,  and  all 


that  we  would  require  electrically  would  be 
a  current  of  19,000  amperes  at  1,000  volts. 
Nowadays  we  don't  mind  a  little  thing  like 
that.  The  gun  itself  would  have  to  be  1,500 
feet  long — ^a  mere  trifle. 

**  The  cost  of  the  power  figured  at  the  rate 
of  $150  per  horsepower  per  year,  would  be 
only  35  cents  for  the  whole  business,  which 
beats  any  powder  gun  all  to  pieces.  Now, 
you  see,  with  a  sufficiently  lively  automatic 
loading  device,  a  torrent  of  shells  could  be 
spat  out  at  the  rate  of  3,600  per  hour." 

Comment  is  perhaps  unnecessary ;  a  joke 
should  never  be  explained.  But  we  were 
asked  a  question  the  other  day,  the  answer 
to  which  would  be  on  a  par  with  the  above. 
It  was :  With  a  lever  10  feet  long,  attached 
to  a  nut  upon  a  i-inch  screw,  how  much 
pressure  could  I  obtain  ?  Now,  if  this  ques- 
tion were  taken  seriously  and  solved,  it  might 
be  shown  that  a  strong  man  could  thus  pro- 
duce a  pressure  of  one  million  pounds.  But 
what  would  become  of  the  miserable  little 
}-inch  screw  ? 
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Polarization  of  Light — Newton's  Mistakes — Difficulties  of  Students — ^The  Wave  and 
THE  Emission  Theory  of  Light — Influence  of  Emission  Theory  Still  Felt. 


THERE  are  many  simple  ideas  that  are 
commonly  supposed  to  be  very  diflBcult 
to  understand,  whereas  the  difficulty  is 
not  in  the  idea  but  in  the  language  in  which 
it  is  expressed.  The  student  who  is  begin- 
ning to  study  science  finds  no  greater  impedi- 
ment to  his  progress  than  the  habit  that 
some  scientific  writers  have  of  clouding  the 
very  simplest  ideas  in  strange  and  formi- 
dable words,  of  which  they  give  no  sufficient 
explanation.  Some  of  these  writers  fully 
merit  the  scathing  censure  bestowed  upon 

Dr.  Johnson  in  the  following  lines : 
'•  I  own  I  like  not  Johnson's  turgid  style. 
That  gives  an  inch  the  importance  of  a  mile : 
Casts  of  manure  a  wagon  load  around. 
To  raise  a  simple  daisy  from  the  ground ; 
Uplifts  the  club  of  Hercules— for  what? 
To  crush  a  butterfly  or  brain  a  gnat ; 
Creates  a  whirlwind  from  the  earOi  to  draw 
A  goose's  feather,  or  exalt  a  straw ; 
Sets  wheels  on  wheels  in  motion— such  a  clatter- 
To  force  up  one  poor  nipperkin  of  water ; 
Bids  oceans  labor  with  tremendous  roar, 
To  heave  a  cockle  shell  upon  the  shore ; 
Alike  in  every  theme  his  pompous  art, 
Heaven's  awful  thunder,  or  a  rumbling  cart." 


The  greatest  temptation  that  besets  a 
beginner  in  any  science  is  to  acquire  a  habit 
of  using  the  words  which  belong  to  the  science 
without  having  any  clear  and  definite  concep- 
tion of  the  ideas  those  words  are  intended  to 
convey.  It  is  to  be  feared  that  many  students 
of  physical  science  have  given  way  to  this 
temptation  in  regard  to  the  words  pohriiy 
and  polarizcUionf  which  are  very  extensively 
employed  in  physics — especially  in  connec- 
tion with  the  phenomena  of  light.  The  words, 
however,  have  the  same  meaning,  whether 
they  are  applied  to  the  phenomena  of  light 
or  to  any  other  phenomena.  In  order  to 
explain  their  meaning,  it  is  simpler  to  con- 
sider first  some  phenomena  not  belongmg  to 
the  science  of  light. 

Take  a  violin  string  and  pass  it  through  a 
slit  in  a  card,  as  shown  in  Fig.  1,  making  the 
slit  a  little  wider  than  the  diameter  of  the 
string,  and  stretch  the  string  tightly.  During 
all  the  experiments  we  are  about  to  describe, 
the  card  must  be  held  perpendicular  to  the 
string. 
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If  the  string  is  mbbed  in  the  direction  of 
ita  length,  as  indicated  by  Ihe  arrows  in  Fig, 
1,  it  emite  a  piercins  sound,  doe  to  the  vibra- 
tion of  the  particlee  of  the  string.  In  this 
case,  each  particle  vibratee  back  and  forth 
for  a  very  short  distance  on  each  aide  of  the 


position  it  occupied  before  the  string  was 
mbbed,  the  direction  of  the  vibration  of  each 
particle  beinjt  along  the  length  of  the  string. 
The  vibration  is  passed  on  from  one  particle 
to  another,  and  so  a  wave  rune  along  the 
string  from  end  to  end.  Thus  the  string  ie  a 
mediam  which  is  transmitting  a  wave 
motion,  the  path  of  the  wave  being  from  end 
to  end  of  the  string.  In  this  case  the  vibra- 
tions of  each  particle  are  to  and  fro  along  the 
path  of  the  wave ;  such  vibrations  are  called 
Umgitadinal.  It  will  be  found  that  the  sound 
emitted  by  the  string  is  unchanged  no  matter 
in  what  direction  the  slit  is  turned,  provided 
the  card  is  held  perpendicular  to  the  string. 
This  provesthat,  while  the  string  is  vibrating 
in  this  manner,  it  has  the  Eame  shape  and 
condition  on  all  sides  ;  and  the  wave  trans- 
mitted by  it  is  said  to  be  non-polarized. 
That  is,  by  saying  that  the  wave  is  not  polar- 
ized, we  simply  mean  that  there  is  no  differ- 
ence of  shape  or  condition  between  different 
sides  of  it. 

When  the  string  ceasee  to  vibrate,  take  a 
violin  bow  and  draw  it  across  the  string  at 


right  angles  to  its  length  in  theordinary  way, 
tmldiogthe  card  so  that  the  slit  is  parallel  to 
the  bow,  as  in  Fig.  2.  The  string  is  now 
thrown  into  vibrations  and  a  wave  runs  along 
ita  length  as  before,  but  in  this  case  each  par- 
ticle vibrates  in  a  direction  perpendicular  to 


the  length  of  the  string.    Vibrations,  such 
as  these,  that  ore  perpendicular  to  the  path 
of  the  wave,  are  called  tranivene  vibrations. 
The  note  emitted  by  the  string  when  vibra- 
ting in  this  manner  is  not  nearly  so  piercing 
as  when  made  to  vibrate  by  robbing  in  the 
direction  of  its  length.    Now,  if  the  card  is 
turned  till  the  slit  is  at  right  angles  to  ita 
former  position,  and  the  bow  need  as  before, 
it  is  found  that  the  card  interferes  with  the 
vibrations  of  the  string  and  stops  the  sound, 
at  least  partially.    This  experiment  proves 
that,  while  the  string  is  vibrating  in  this 
manner,  it  has  not  the  same  shape  and  con- 
dition on  all  sides,  and  the  wave  transmitted 
by  it  is  said  to  be  polarized,  or  to  possess 
polarity.    That  is,  by  saying  that  the  wave  is 
polarized,  we  mean  that  there  is  a  difference 
of  shape  or  condition  between  different  sides 
of  it.    In  this  case,  it  Is  only  when  the  slit  is 
held  parallel  to  the 
direction    of  the 
bow,  when  bowing 
the  string,  that  the 
sound  is  not  inter- 
fered   with ;    it  is 
evident,  therefore, 
that  the  vibrations 
all    take    place   in 
the  plane  contain-  ' 
ing  the  string  and 
the  line  of  the  bow  p,Q  g 

when   bowing  the 

string.  When  the  vibrations  are  all  in  one 
plane  the  wave  is  said  to  l>e  plane  polarized. 
Let  us  now  consider  the  vibrations  of  the 
ether  which  are  the  cause  of  the  phenomena 
of  light.  The  ether  may  be  compared  to  a 
great  mass  of  jelly.  Suppose  we  turn  oat 
upon  a  dish  a  bowl  of  jelly,  and  insert  in 
the  center  of  it  the  head  of  a  lady's  hat  pin, 
as  in  Fig.  .1.  If  we  move  the  pin  vertically 
up  and  down,  as  indicated  by  the  arrows,  a 
quiver,  radiating  from  the  pin  head,  will  run 
through  the  jelly.  This  quiver,  or  ripple,  is 
like  a  light  wave.  As  the  ripple  runs  out 
radially  and  horizontally,  the  motion  of  each 
particle  is  up  and  down  vertically — that  is, 
transverse  to  the  direction  in  which  the  wave 
travels.  If  we  view  one  of  the  radial  lines 
of  this  wave,  looking  down  at  it  from  above, 
each  particle  moves  up  and  down,  toward  the 
eye  and  from  it.  If  we  view  one  of  the  radial 
lines  of  the  wave  horizontally,  from  one  side, 
looking  at  the  radial  line  perpendicularly, 
the  motion  of  the  particles  is  up  and  down, 
at  right  angles  to  the  line  of  vision.  This 
wave,  then,  presents  different  appearances 
on  different  sides ;  i.  e,,  it  is  polarized. 
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Bnt  suppose  the  disturbance  in  the  jelly  to 
be  caused  by  a  smsill  body  consisting  of 
innamerable  little  particles  which  are  all  in 
rapid  vibration  in  all  directions.  Then  the 
waves  will  radiate  from  the  disturbing  body 
in  all  directions.  And,  if  we  view  one  of  the 
radial  lines  of  this  wave  perpendicularly,  it 
presents  the  same  appearance,  no  matter 
what  may  be  the  position  of  our  eye. 
Such  a  wave,  therefore,  is  not  polarized, 
and  corresponds  to  the  waves  of  ordinarv 
light. 

In  the  experiments  with  the  violin  string 
the  polarisation  of  the  wave  was  detected  by 
means  of  the  card,  which  we  therefore  call 
the  analyzer ;  the  bow  which  compelled  the 
string  to  vibrate  in  one  plane  and  thereby 
polarize  the  wave,  we  call  the  polariier.  We 
shall  now  show  thBt  light-waves  can  be 
examined  in  an  analogous  manner. 

Take  two  plates  of  tourmaline  cut  parallel 
to  the  axis  of  the  crystal.  When  a  ray  of 
l^ht  is  allowed  to  fall  perpendicularly  upon 
one  of  these  plal«s,  part  of  it  is  transmitted 
through  the  plate.  To  the  eye  the  trans- 
mitted ray  appears  to  be  slightly  colored, 


but  presents  no  other  noticeable  peculiarity  ; 
a  proper  examination,  however,  will  prove 
that  the  plate  has  acted  as  a  polarizer,  and 
that  the  light  is  polarized.  To  detect  thi« 
polarization,  we  shall  use  the  second  plate  of 
tourmaline  as  an  analyzer.  When  the  light 
transmitted  by  the  first  plaC«  is  allowed  to 
fall  perpendicularly  upon  the  second  plate, 
It  ia  freely  transmitted  if  the  plates  are  par- 
allel, as  in  Fig.  4  (a).  If  the  second  plate  is 
rotated  around  the  ray  of  light  as  an  axis, 
the  amount  of  light  transmitted  by  it  gradu- 
ally diminishes ;  and,  when  it  has  been 
turned  through  a  right  angle,  as  in  Fig.  4  (6), 
the  light  is  entirely  cutoff.  This  experiment 
is  a  very  simple  one  to  perform  ;  and  any 
person  who  has  not  an  opportunity  to  per- 
form it  himself  will  liave  no  qualms  of 
conscience  about  believing  that  those  who 
have  performed  the  experiment  have  cor- 
rectly described  the  facte  ;  it  is  the  meaning 


and  interpretation  of  the  fiutta  that  causes 
the  difficulty.  Here  our  experiments  with 
the  violin  sbing  will  help  us. 

Every  one  is  familiar  with  the  difference 
between  a  piece  of  wood  cut  acroes  the  graili 
and  a  piece  cut  along  the  grain.  Now,  the 
tourmaJine  plat«  has  a  formation  somewhat 
analc^us  to  the  grain  of  wood,  and  this 
peculiar  formation  causes  it  to  transmit  easily 
vibrations  which  are  in  one  direction,  while 
it  cuts  off  those  vibrations  which  are  in  the 
direction  perpendicular  to  those  which  it 
transmits.  Thus,  the  ray  of  light  transmitted 
by  a  single  plate  of  tourmaline  is  not  the 
same  on  all  sides,  but  has  acquired  polarily. 
and  is  said  to  be  plane  polariied  because  its 
vibrations  are  all  in  one  plane.  The  second 
plate  enables  us  to  detect  the  polarization  of 
the  light-wave,  just  as  the  card  enabled  us 
to  detect  the  polarization  of  the  wave  in 
the  violin  string.  This  phenomenon  is  called 
polarization  by  refraaion. 

Light  can  also  be  polarized  by  reflection, 
but  we  shall  not  enter  upon  a  discussion  of 
this  phenomenon.  Our  purpose  at  present 
ia  not  to  write  a  treatise  on  light,  but  to 
explain  the  very  simple  idea  which  is 
obscured  a  little  by  the  tremendous  words 
polarisxUum  and  polarily. 

This  phenomenon  of  polarization  of  light 
is  of  the  very  highest  historical  interest. 
The  wave  theory  of  light  was  first  pro- 
pounded by  Huygens  in  1678  ;  on  the  basis 
of  his  theory  he  was  able  to  explain  satis- 
factorily the  laws  of  reflection  and  refraction  ; 
he  was  unable,  however,  to  account  for  the 
rectilinear  propagation  of  light  or  to  explain 
the  existence  of  shadows.  About  a  century 
later  the  wave  theory  was  revived  by  Dr. 
Young,  who  succeeded  in  explaining  the 
fact  that  light  travels  in  straight  lines,  and 
satisfiictorily  accounted  for  shadows  by  his 
beautiful  theory  of  interference.  Neither 
Youug  nor  Huygens  could  explain  the 
polarization  of  light  in  accoidance  with  their 
theory,  for  they  both  assumed  the  vibratiooa 
to  be  longitudinal.  The  wave  theory  of 
light  as  proposed  by  the  contemporaries  of 
Newton  was  based  on  the  assumption  that 
light  consists  in  a  longitudinal  vibration  of 
the  ether,  just  as  sound  is  a  longitudinal 
vibration  of  the  air.  Newton  proved  con- 
clusively that  this  theory  was  incompatible 
with  the  observed  facts  of  polarization.  He 
therefore  rejected  the  wave  theory,  and 
adopted  the  emission  theory.  This  ia  oue  of 
those  mistakes  of  Newton  of  which  we  hear 
a  great  deal,  but  if  we  study  Newton's  work 
we  shall  think  lees  of  his  mistakes  and  be 
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more  impressed  with  his  transcendent  genius, 
which  is  displayed  more  conspicuously,  per- 
haps, in  his  '^Opticks''  than  in  any  other 
port  of  his  writings.  The  wave  theory  has 
now  completely  routed  the  emission  theory, 
yet  we  must  not  suppose  the  emission  theory 
is  childish,  or  that  the  victory  of  the  wave 
theory  was  an  easy  one.  An  adherent  of 
the  wave  theory  would  require  to  be  well 
grounded  in  the  reasons  for  the  faith  that  is 
in  him  before  giving  battle  to  an  ingenious 
advocate  of  the  emission  theory. 

Though  the  emission  theory  has  been  com- 
pelled to  evacuate  the  territory,  yet  it  has 
left  many  enduring  monuments  in  the  words 
which  are  still  employed  in  the  science  of 
optics.  For  instance,  the  word  ray  is  a  relic 
of  the  emission  tlieory,  and  properly  has  no 
place  in  the  wave  theor}'.  When  light  was 
beUeved  to  consist  of  imponderable  particles 
emanating  from  the  luminous  body  and 
traveling  with  immense  velocity  in  straight 
lines,  it  was  natural  and  proper  to  speak 
of  the  path  of  one  of  these  particles  as  a  ray 
of  light.  The  victorious  wave  theory,  Uke 
other  conquerors,  has  seized  the  possessions 
of  its  vanquished  opponent  and  converted 
them  to  its  own  use.  The  word  ray  has  been 
transferred  from  the  vocabulary  of  the 
emission  theory  to  that  of  the  wave  theory. 


and  it  may  be  well  to  explain  what  the  word 
really  means  in  the  wave  theory.  If  a 
pebble  is  dropped  upon  the  surface  of  still 
water,  ripples  start  from  the  point  where 
the  pebble  falls  and  travel  outwards  over 
the  surface  of  the  water.  It  is  observed 
that  the  crest  of  every  ripple  forms  a 
continuous  line,  and  the  bottom  of  every 
depression  also  forms  a  continuous  line. 
Each  of  these  lines  is  called  a  wave  front.  In 
like  manner,  those  particles  in  any  ripple 
which  are  either  all  ascending  or  all  descend- 
ing, and  are  at  equal  distances  from  their 
mean  positions,  lie  in  a  continuous  line 
which  is  called  a  wave  front  The  wave  we 
are  considering  is  a  plane  wave,  and  there- 
fore its  wave  fronts  are  lines.  In  general,  a 
wave  front  is  a  surface  such  that  all  the  par- 
tides  on  it  at  any  moment  are  moving  in  the 
same  manner  and  are  at  equal  distances  from 
their  mean  positions.  In  the  wave  theory  a 
ray  is  defined  as  a  line  which  at  every  point 
is  perpendicular  to  the  wave  front  which 
it  intersects  at  that  point.  A  military  figure 
may  serve  as  an  illustration.  In  a  regiment 
of  soldiers  marching  straight  ahead,  the 
ranks  of  men  correspond  to  wave  fronts,  and 
the  files  correspond  to  rayz.  The  line  of 
march  is  along  the  rays  and  perpendicular 
to  the  wave  fronts. 


ELECTRIC  VEHICLES. 


L.  S.  Levy. 


Deveix)pment   op   the   Electric   Vehicle — Commercial   Applications — ^Descriptions   of 
Various  Carriages — Features  op  Construcfion  Relatively  Considered. 


THE  world  is  ever  on  the  look-out  for 
novelties,  yet  it  frequently  happens 
that  those  which  cause  the  most  sur- 
prise are  the  very  ones  that  have  been  in  the 
experimental  stage  the  longest.  The  electric 
vehicle,  for  instance,  though  it  seems  to  have 
come  upon  us  quite  suddenly,  is  in  reality 
the  outgrowth  of  many  years  of  experiment 
— not  along  exactly  the  same  line,  perhaps, 
but  with  self-propelled  vehicles  in  jreneral; 
and  manufacturers  of  electric  vehicles  have 
profited  by  the  experience  of  many ;  adopting 
the  good  points  and  avoiding  the  bad  ones 
of  automobiles  of  various  kinds. 

The  great  progress  made  in  the  substitu- 
tion of  electric  for  animal  power  on  street 
railroads  has  long  since  removed  all  doubt 
concerning  the  practical  efficienc}*  of  electric- 


ally driven  vehicles.  However,  it  is  not  the 
purpose  of  this  article  to  discuss  the  broad 
question  *^ horse  versus  electricity,"  but  to 
explain  the  construction  of  electric  vehicles 
in  general,  and  their  electrical  equipment  in 
particular. 

The  carriage  shown  in  Fig.  1  represents 
the  latest  type  of  electric  hansom  for  public 
service.  It  is  perhaps  more  generally  known 
than  any  other  type — on  account  of  its  adop- 
tion by  a  New  York  concern  incorporated  to 
cater  to  the  wants  of  the  public — and  has 
therefore  been  chosen  for  consideration  here. 

This  cab  is  four-wheeled,  as  shown,  and  is 
driven  by  two  motors  geared  to  the  forward 
axle.  The  motors  are  supplied  with  current 
by  a  battery  of  48  cells  of  chloride  accumu- 
lator, which  are  situated  under  the  driver's 
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■eat,  behind  the   passenger  compartment. 
The  running  gear  ie  shown    in   Pig.  5,  in 
which  the  arrangement  of  the  various  parts 
of  the  equipment  ie  cle&rly  shown.     The 
motors  m,  one  of  which  appears  in  the  figure, 
are  swung  from  the  forward  axle,  as  already 
stated,  and    transmit 
their  power  to  that  axle 
by  means  of  an  internal 
gear  which  meshes  with 
the  motor  pinion.     Tiiis 
method  of  mounting  the 
motors   keeps  the  dis- 
tance between  the  cen- 
ters of  the  two  meshing 
gears  constant,  which  ie 
an  essential  condition. 

It  is  evident  that  the 
motor  for  a  vehicle  in- 
tended as  a  means  of 
conveyance  over  the 
public  highway  has  to  I 
operate  under  unusually 
severe   conditions,   and 


the 


sfori 


be 


ally  well 

structed,  and  in  every  -^ 

respect  efficient  In 
the  first  place,  it  must  be  dust-proof  and 
waterproof;  it  must  also  be  capable  of  devel- 
oping, during  short  intervals,  two  or  three 
times  its  rated  normal  power,  without  show- 
inganydefectsorweaknesses.  Theeerequire- 
ments  apply  to  all  classes  of  electric  motors 
for  vehicles.  In  thp  narticular  carriage  under 
consideration,  the  motors  are  four-polar,  of 
2  horsepower  each,  with  a  spetd,  at  SO  volts, 
of  700  revolutions  a  minute,  the  carriage  then 


As  already  stated,  the  motors  are  supplied 
with  current  by  48  cells  of  chloride  accumu- 
lator.   Each  cell  has  a  capacity  of  100  ampere 
hours  at  the  normal  discharge  rate.    Each  ie 
encased  in  a  rubber  jar,  and  consists  of  two 
positive  and  three  negative  plates,  and  weighs 
26  pounds,  making  the 
total  weight  of  the  bat- 
tery   carried    by   each 
Vehicle    1,2-18    pounds. 
The  cells  are  placed  on 
wooden  trays,  which  fit 
into    the  tottery  com- 
partment in  the  back  of 
the  vehicle,  into  which 
they  can  be  inserted  as 
a  unit.    When  pushed 
into  place  the   battery 
makes  connection  auto- 
1  maticallywiththemotor 
\  and  controller,  hymeans 
of  contact  springs.    The 
battery  comportment  is 
.'  suitably  lined,  so  as  to 
prevent  any  sjiilled  acid 
from  attacking  the 
woodwork,  andis 
provided     with     chan- 
nels to  drain  off  the  acid. 

The  total  mileage,  or  length  of  mn,  on 
each  charge  of  the  battery  will  vary  with  the 
character  of  roads  covered,  as  well  as  the 
speed  with  which  the  carriage  is  driven. 

For  the  operation  of  the  carriage  a  special 
controller  has  been  devised.  The  speed 
variation  is  obtained  by  means  of  a  division 
of  the  battery  into  two  groups,  which  may 


Fio.  2, 
traveling  at  the  rate  of  12  miles  an  hour ; 
they  are  iron-clad,  are  fitted  with  selfoiling 
bearings,  are  practically  dust-proof,  and  have 
shown  dnring  tests  some  excellent  results  as 
r^ards  current  consumption,  torque,  and 
efficiency. 


be  placed  in  series  or  in  multiple,  the  third, 
or  highest,  speed  variation  being  obtained  by 
a  rearrangement  of  the  series  field  coils  of 
the  two  motors  from  a  aeries  to  a  multiple 
combination.  These  variations  are  shown 
diagram matically  in  Fig.  4. 
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The  two  groups  of  cells  are  shown  as  6 
and  6^,  respectively.  Armature  a,  in  con- 
junction with  fields /and  f\  constitutes  one 
of  the  motors ;  and  armature  a\  in  conjunc- 
tion with  fields  f^  and  f^^^  constitutes  the 
other  motor.  By  using  a  separate  reversing 
switch,  the  same  speed  or  speeds  can  be 
attaincMl  in  either  direction ;  not  that  it  is 
often  desirable  to  run  backwards  at  a  high 
speed,  but  the  connections  provide  for  a  large 
consumption  of  power  in  order  to  make  a 
quick  stop. 

At  the  first  speed,  6  miles  per  hour  is 
attained,  the  two  batteries  being  joined  in 
parallel.  From  the  positive  pole  the  current 
divides  itself  between  the  two  motors.  In 
every  case,  each  is  series-wound,  and  from 
the  diagram  it  is  evident  that  the  speed 
control  is  efifected  by  series-parallel  combi- 
nations. To  proceed  with  the  explanation 
begun  above :  The  current  on  reaching,  say, 
motor  a,  passes  through  both  field  coils 
in  series,  and  then  through  the  armature. 
At  the  second  speed,  the  batteries  are  joined 
in  series,  the  motor  connections  remaining  as 
before.  This  combination  gives  to  the  car- 
riage a  speed  of  9  miles  an  hour.  When  the 
controller  is  shifted  to  the  third  position, 
the  field  coils  on  the  motors  are  connected 
in  parallel,  thus  reducing  the  resistance  of 
the  field  to  one-quarter  of  its  previous  value, 
allowing  a  larger  current  to  pass,  and  causing 
the  drop  in  potential  between  the  brushes 
to  increase.  The  total  field  strength  is,  per- 
haps, slightly  increased,  but  this  is  compen- 
sated for  by  the  extra  current  through  the 
armature.  This,  multiplied  by  the  increased 
counter  E.  M.  F.,  accounts  for  the  increase 
in  speed  from  9  to  15  miles  an  hour,  made  by 
shifting  the  controller  to  the  third  position. 

Besides  having  the  controller  handle  within 
«fa8y  reach,  the  operator  has  at  his  hand  a 
reversing  switch.  This  switch  is  provided 
with  an  interlocking  arrangement,  which 
prevents  the  motors  from  being  reversed 
an  til  the  controller  circuit  ha**  been  opened. 
The  direct  oflSce  of  the  reversing  switch  is  to 
reverse  the  direction  of  the  current  through 
the  armatures  of  the  two  motors.  It  is  oper- 
ated by  the  driver's  foot,  and  is  ordinarily  in 
the  ** go-ahead*'  position. 

There  is,  in  addition  to  the  above  switches, 
an  emergency  switch  for  the  purpose  of 
instantly  shutting  ofif  all  current  to  the 
motors.  This  is  under  control  of  the  opera- 
tor's foot,  a  kick  removing  a  key  handle  and 
opening  the  circuit.  When  this  key  has 
been  removed,  no  outsider  can  turn  on  the 
corrent  and  cause  a  runaway.    The  brakes 


are  applied  by  a  foot-lever,  and  are  double- 
acting,  as  shown  in  Fig.  5.  This  view  of 
the  carriage  shows  the  various  appliances 
described  above,  m  being  one  of  the  motors. 
The  controller  handle  is  shown  at  c,  and  the 
brake  lever  at  h ;  the  latter  communicates 
through  suitable  levers  to  the  brake,  which 
acts  on  a  pulley  mounted  on  the  motor  shaft. 
Steering  is  efifected  by  means  of  the  lever  «, 
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which  swings  the  rear  wheels  ;  it  is  situated 
in  front  of  the  driver's  seat,  and  is  moved 
forward  or  backward. 

As  will  be  gathered  from  the  above  descrip- 
tion, the  vehicle  is  at  all  times  under  perfect 
control  of  the  operator  by  reason  of  the  ease 
with  which  all  the  controlling  apparatus 
may  be  managed.  This  feature  is  common 
to  all  electric  vehicles  that  have  been  placed 
on  the  market,  whether  for  private  or  for 
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commercial  use.  The  vehicles  described  con- 
stitute an  excellent  example  of  the  latter 
class ;  but,  when  the  former  class  is  to  be 
taken  up,  the  field  for  description  is  ex- 
tended. 

In  selecting  the  Columbia  and  Riker  auto- 
mobiles as  examples  of  electric  carriages  for 
private  use,  we  do  not  wish  to  discriminate 
against  other  vehicles  of  merit.  These  car- 
riages can  be,  with  justice,  chosen  as  examples 
of  the  present  stage  of  the  art. 

The  Riker  electric  **  Victoria,'*  illustrated 
in  Fig.  3,  is  modeled  after  the  design  of  the 


of  which,  if  the  operator  leaves  his  vehicle, 
and  desires  to  guard  against  meddling,  he 
may  **  lock  "  the  current  oflf.  This  vehicle  ie 
driven  from  the  rear  wheels,  and  is  steered 
by  the  front  wheels. 

The  double-seated  carriage  illustrated  in 
Fig.  2  is  a  Columbia  motor  carriage  made  by 
the  Pope  Manufacturing  Company,  and  ie 
representative  of  their  products  in  this  line. 
It  possesses  many  general  features  in  com- 
mon with  other  vehicles  of  the  same  class. 
The  complete  carriage  battery  consists  of  44 
cells,  assembled  in  four  separate  boxes  of 


Fig.  5. 


horse-drawn  vehicle  of  the  same  name.  The 
light  construction  common  in  bicycles  has 
been  adopted  in  this  vehicle.  The  body  is 
specially  built  to  carry  the  batteries,  and  to 
receive  the  controller,  located  under  the  seat, 
which  governs  the  speed  of  the  vehicle,  run- 
ning either  forward  or  backward.  A  meter, 
for  use  in  charging  the  battery,  and  located 
on  the  inner  side  of  the  dashboard,  acts  also 
as  a  guide  from  which  the  length  of  run 
remaining  in  the  battery  can  be  approxi- 
mated. A  foot-brake  and  an  auxiliary  hand- 
brake are  provided,  as  are,  also,  electric  side 
lights  and  an  electric  alarm  bell.  Under  the 
cushion  is  a  special  Yale  lock  switch ,  by  means 


1 1  cells  each.  These  four  boxes  can,  by 
means  of  the  controller,  be  connected  either 
in  multiple,  two  in  multiple  and  two  in 
series,  or  all  four  in  series,  thereby  obtaining 
the  three  speeds,  3,  6,  and  12.25  miles  an 
hour.  All  speeds  are  for  level  roads.  The 
motor  is  of  a  type  designed  particularly  to 
obtain  the  maximum  efiiciency  and  capacity 
with  the  minimum  of  weight,  and  is  espe- 
cially capable  of  standing  overloads.  It  is 
four- pole,  series- wound,  and  designed  for  a 
normal  load  of  2  horsepower,  at  75  volts, 
giving  1,000  revolutions  per  minute.  The 
carriage  is  driven  from  the  rear  wheels,  to 
which  power  is  communicated  through  a 
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balance  gear.  By  this  means,  when  turning 
corvee,  one  wheel  automatically  moves  faster 
than  the  other,  as  is  required.  Steering  and 
braking  are  accomplished  much  as  in  other 
vebioles,  but  tlie  steering  mechanism  is  of  an 
nnnsoal  and  uniquetype.  Individual  wheel 
steering  is  employed,  the  wheel  pivots  being 
sli^tly  inclined,  so  that  there  ia  a  tendency 
to  maintain  the  wheels  in  a  straight  line,  and 
render  the  operation  of  the  steering  lever 
comparatively  easy.  In  turning  curves  the 
inside  wheel  receives  a  greater  angular  devia- 


tion, thereby  relieving  unnecessary  strains  in 
the  wheels  and  tires. 

All  the  vehicles  described  are  equipped 
with  pneumatic  tires  and  ball  bearings,  thus 
giving  ease  of  locomotion  and  requiring  a 
minimum  of  attention. 

While  the  electric  carnage  may  not  be  the 
equal  of  the  steam  or  petroleum  automobile 
for  bill  climbing  and  extended  use  from 
centers  of  civilization,  it  is  decidedly  superior 
for  the  conditions  under  which  ordinary 
pleasure  vehicles  are  used. 
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JBO  has  not  seen,  during  a  clear  star- 
light night,  the  sudden  appearance  on 
the  dark  celestial  vault  of  a  brilliant 

streak  of  light,  as  one  of  those  distant  stars 

seemingly  detaches  itself,  shoots  in  silence 

across  the  sky, 

then,  as   sud- 
denly as  it  came, 

is  again   lost  in 

the  darkness? 
In  ancient 

times    all    sori« 

of  superstitious 

beliefs  were  con- 


today,  the 
young  maiden 
whose  pensive 
gaze  is  attracted 
by  the  phenom- 
enon  hastens, 
from  force  of 
habit,  to  form  a 
wish,  with  a 
hope  of  having 
it  speedily  granted ;  while  the  hypochon- 
driac, with  his  ever  gloomy  view  of  things, 
believ«a  it  to  mark  the  departure  of  a  spirit 
to  another  world,  or  else  to  forebode  the  early 
p««»ge  to  the  same  country  of  his  own  sad 
80ul.  Be  all  this  as  it  may,  these  shooting 
■tars— ormrfeoT*,  as  they  are  called — attract  a 
great  deal  of  attention,  and  give  rise  very 
naturally  to  many  questions,  such  as,  Where 


do  they  come  from  ?    Where  do  they  go  to  ? 

For  what  purpose  do  they  exist? 
The  task  of  satisfactorily  answering  these 

queries  would  hardly  be  attempted  by  any 

one,  however  learned,  our  knowledge  con- 
cerning these 
celestial  visitors 
being  very  lim- 
ited, and  con- 
sisting in  the 
main   of  the- 

Judging  from 
(he  number  of 

shooting  stars 
that  daily  enter 
our  atmosphere 
and,   provided 
they  are  not 
caught    by    the 
attractive   force 
of  the  earth, 
continue  to  cir- 
culate  in  ellip- 
tical orbits,  and 
consequently  to 
reappear  at  in- 
tervals, the  total  number  in  existence  must 
be  enormous.  According  to  an  estimate  made 
by  Sir  Isaac  Newton,  the  number  that  daily 
encounters  the  earth's  atmosphere  is  between 
seven  and  eight  millions.    Their  total  weight, 
however,  he  estimated  to  be  not  more  than 
one  hundred  tons ;  so  that  individually  they 
are  in  general  exceedingly  minute. 

Many  people  are  apt  to  consider  shooting 
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stars  and  meteors  separately  ;  in  reality  there 
are  no  real  grounds  for  this  distinction,  their 
physical  elements  being  in  all  probability 
identical,  the  only  difference  between  them 
being  in  point  of  size ;  in  this  article  the  two 
names  are  used  indiscriminately.  Shooting 
stars  have  a  curious  and  quite  interesting  his- 
tory. They  become  visible  to  us  only  at  the 
very  last  moment  of  their  existence,  the  bril- 
liant streak  of  light  which  indicates  the  path 
of  a  shooting  star  being,  in  truth,  an  evidence 
of  its  ignition  and  destruction.  And  how  do 
they  become  ignited  ?  This  was  for  a  long 
time  a  point  in  dispute,  there  being  in  the 
main  two  hypotheses  advanced  by  scientists. 
The  first  was  that  the  resistance  of  the  atmos- 
phere to  a  body  dashing  through  it  at  the 
rate  of  about  thirty  miles  a  second  gener- 
ated sufficient  heat  to  produce  ignition  ;  the 
second,  that  ignition  was  caused  by  the 
action  of  terrestrial  magnetism.  That  emi- 
nent scientist,  Sir  John  Herschel,  clearly 
showed,  however,  that  the  first  of  these 
hypotheses  was  the  correct  one ;  that  the 
air  in  the  upper  strata  of  the  atmosphere 
is  sufficiently  dense  to  cause  an  enormous 
development  of  heat,  when  compressed  in 
front  of  a  body  advancing  at  so  great  a  veloc- 
ity ;  and  this  opinion  is  still  held  in  scien- 
tific circles.  The  meteor,  or  shooting  star, 
then,  in  passing  through  the  atmosphere, 
becomes  incandescent,  that  is,  white  hot — 
the  rapidity  with  which  it  reaches  this 
temperature  depending,  of  course,  on  the 
material  of  which  it  is  composed  ;  then, 
continuing  its  flight,  its  temperature  is  still 
further  raised  i^ntil  the  outer  portion  melts 
and  is  brushed  off,  by  the  resisting  atmos- 
phere, in  the  form  of  a  long  streamer,  or  tail, 
which,  after  losing  its  velocity,  is  precipi- 
tated to  the  earth  as  fine  dust,  resembling 
the  ashes  thrown  out  by  a  volcano.  Mean- 
while, the  meteor,  as  it  pursues  its  course, 
either  becomes  wholly  dissipated  and  falls 
to  the  earth  as  above,  or  makes  its  way  out 
beyond  the  limit  of  the  atmosphere  and  pro- 
ceeds upon  its  orbit  through  space.  Thus  a 
meteor  may  become  visible  and  yet  pass  on 
without  sending  to  the  earth  any  evidence  of 
its  true  character. 

The  speed  of  a  meteor  varies  from  seven  to 
forty  miles  per  second.  Observations  prove 
that  the  speed  is  about  equal  to  that  of  comets 
descending  toward  the  earth,  and  also  that, 
like  comets,  meteors  have  orbits.  It  is 
scarcely  possible  for  a  shooting  star  of  small 
size  to  reach  the  earth,  for  when,  after  rejoic- 
ing in  the  freedom  of  open  space,  the  little 
body— weighing  not  more,  perhaps,  than  a 


quarter  of  a  pound — dashes  into  our  atmos- 
phere it  experiences  such  a  terrific  resistance 
that,  long  before  it  reaches  the  lower  and 
denser  layers  of  air,  it  becomes  so  hot  that  it 
passes  off  in  the  form  of  vapor,  and  reaches 
the  earth  only  as  ferruginous  dust.  This  dust 
is  to  be  found  everywhere,  but  especially 
on  isolated  mountains,  in  the  polar  snow, 
and  in  the  products  of  deep-sea  dredging. 
The  Swedish  naturalist  Nordenskjold,  when 
visiting  Spitzbergen,  melted  several  tons  of 
snow;  after  filtering  the  water  he  detected 
in  it  a  sediment  containing  minute  globules 
of  oxide  and  sulphide  of  iron,  which  in 
part  constitute  the  ingredients  of  meteoric 
stones. 

As  a  rule,  shooting  stars  do  not  appear 
in  like  numbers  night  after  night ;  in  fact, 
there  are  certain  daily,  monthly,  and  yearly 
periods  of  recurrence  of  certain  sets,  or 
families,  of  them.  About  twice  as  many  are 
seen  in  the  morning  as  in  the  evening ;  this 
is  because  in  the  morning  we  are  in  the  front 
of  the  earth  in  relation  to  its  orbital  motion, 
and  consequently  are  able  to  see  both  tlie 
stars  that  we  meet  and  those  that  we  over- 
take ;  whereas  in  the  evening  we  are  in  the 
rear  of  the  earth  and  see  only  those  that 
overtake  us. 

Upon  certain  occasions,  great  showers  of 
shooting  stars  have  been  seen  ;  the  month  of 
November  seems  to  be  particularly  favored 
in  this  way.  Observations  made  during  the 
present  century  prove  that  meteors  appear 
in  great  abundance  on  the  evenings  of  the 
twelfth  and  thirteenth  days  of  November; 
also,  that  there  is  an  annual  display  about 
the  middle  of  August  or  somewhat  earlier. 
Their  numbers  vary  considerably,  however, 
when  the  apparitions  of  different  years  are 
compared.  In  some  years  they  have  appeared 
in  great  abundance,  while  in  others  their 
numbers  have  not  exceeded  those  visible 
on  ordinary  nights.  There  are,  however, 
several  recorded  apparitions  of  the  Novem- 
ber shower,  separated  in  each  instance  by  a 
wide  interval  of  years.  These  displays, 
which  have  far  exceeded  in  splendor  those 
that  have  occurred  either  in  November  or 
any  other  month  of  any  other  year,  have 
suggested  the  idea  of  a  recurring  cycle,  dis- 
tinguished by  an  extraordinary  abundance 
of  meteors ;  and  it  has  been  discovered  that 
the  interval  between  these  grand  displays  is 
about  thirty-three  years.  The  explanation 
of  this  is  as  follows :  From  the  known 
motion  of  the  earth  and  the  observed  velocity 
and  direction  of  meteors,  it  is  demonstrated 
that  they  describe  elliptical  orbits  about  the 
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son,  und  are  therefore  to  be  regarded  as 
minute  cometary  bodies.  Those  that  come 
in  showers  seem  to  belong  to  extensive 
groups,  which  revolve  about  the  sun  in 
EOnes.  There  appeare  to  be  several  of  these 
zones,  whose  planes  are  situated  at  different 
obliquities  to  the  elliptic,  and  through  which 
the  earth  passes  once  &  year ;  when  the  earth 
passes  through  a  more  crowded  part  of  such 
a  zone,  a  meteoric  shower  occurs. 

In  ISSSamagniflcentsbower  waaobserved, 
aud  a  similar  one  was  confidently  predicted 
for  1866,  that  is,  thirty-three  yeara  later. 
This  prediction  was  splendidly  confirmed. 
Another  thirty-three  years  have  now  passed, 
and  we  have  very  good  reason  to  believe 


the  negroes  of  the  great  meteoric  display  of 
that  year :  "  1  was  suddenly  awakened  by 
the  most  distressing  cries  that  ever  fell  upon 
my  ears.  Shrieks  of  horror  and  criee  for 
mercy  I  could  hear  all  around.  While  earn- 
estly listening  for  the  cause,  I  heard  a  faint 
voice  close  to  my  door  calling  for  help  and 
saying  that  the  world  was  on  fire.  1  arose 
and  opened  the  door,  when  it  was  difficult 
to  say  which  excited  me  the  most— the  dis- 
tressing cries  of  the  negroes  or  the  awfiilnees 
of  the  celestial  ecene.  Upwards  of  one  hun- 
dred  negroes  lay  prostrate  on  the  ground, 
some  speechless  with  terror,  others  with 
their  hands  raised,  crying  bitterly  and  pray- 
ing for  mercy.    But  above,  the  scene  was 


*  Meteobic  Showi 


that  a  grand  shower  will  take  place  this  very 
year,  upon  the  evening  of  the  thirteenth  of 
November  next  It  is  just  possible,  of  course, 
that  the  shower  will  not  come  this  year,  but 
upon  the  same  day  next  year ;  or  it  may 
occor  on  both  occasions.  Judging  from  the 
confirmations  of  previous  predictions,  how- 
ever, there  is  little  doubt  that  it  will  occur 
this  year,  as  stated. 

A  gentleman  who  was  traveling  in  South 
Carolina  in  1833,  describee  the  effect  upon 


truly  awfiil  ;  never  did  rain  fall  much  thicker 
than  the  meteors  fell  that  night." 

A  peculiarly  interesting  feature  of  a  mete- 
oric shower  is  that  all  the  meteors  seem  to 
diverge  from  a  single  point  in  the  heavens, 
as  indicated  in  Fig.  1,  and  this  point — 
known  by  astronomers  as  the  ''  radiant,"  or 
point  of  emanation — apparently  keeps  its 
position  unchanged  during  the  whole  con- 
tinuance of  the  shower.  For  the  expected 
shower  of  next  November,  the  radiant  is 
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situated  in  the  constellation  of  Leo  ;  for  the 
August  displays  it  is  in  that  of  Perseus,  For 
this  reason  the  shooting  stars  of  November 
are  frequently  termed  the  Leonides,  and 
those  of  August  the  Perseids.  There  are  sev- 
eral other  showers  besides  these,  but  they 
are  of  less  brilliancy  and  duration. 

A  meteor  which,  on  account  of  its  larger 
size,  is  not  dissipated  and  lost  in  the  upper 
regions  of  the  atmosphere,  but  falls  to  the 
earth,  is  called  a  bolide^  or  fireball.  Such  a 
body,  during  its  flight  through  the  air, 
resembles  a  globe  of  fire  about  as  large,  appar- 
ently, as  the  moon.  On  or  immediately  after 
its  appearance,  it  generally  produces  an 
explosion,  and  sometimes  even  several 
successive  explosions,  which  can  be  heard  at 
great  distances.  There  are  numerous  authen- 
tic records  of  bolides  having  been  seen. 
They  appear  at  all  seasons  of  the  year  and 
are  not  confined  to  any  x>articular  portion  of 
the  earth,  though  most  of  the  observations 
recorded  have  been  made  in  Europe. 

The  astronomer  Halley  describes  a  fireball 
of  extraordinary  brilliancy  which  appeared 
over  England  one  evening  in  1719.  It  sud- 
denly illuminated  the  streets  of  London, 
causing  the  stars  to  disappear,  and  the  moon, 
which  was  at  the  time  shining  brightly,  to 
become  scarcely  visible,  and  was  so  intensely 
brilliant  that  the  eye  could  hardly  bear  to 
look  at  it.    It  moved  like  a  falling  star,  at 


an  estimated  height  of  from  60  to  70  miles 
above  the  earth,  with  a  velocity  of  from  300 
to  350  miles  a  minute,  finally  exploding  with 
a  loud  report 

From  collected  fragments  of  fallen  meteors, 
it  has  been  ascertained  that  they  differ 
essentially  from  terrestrial  rocks  in  that  they 
invariably  contain  a  large  proportion  of 
metallic  iron.  Nickel,  chromium,  tin,  cop- 
per, and  other  substances  have  also  been 
found  in  them,  but  it  is  a  remarkable  fiact 
that  no  new  element  has  been  discovered  in 
their  composition. 

As  to  the  origin  of  meteors,  very  little  is 
really  known.  They  may  be  the  product  of 
eruptions  from  our  own  volcanoes,  or  from 
those  on  the  moon  or  planets  ;  or  they  may 
be  the  fragments  of  a  vanished  world  or 
worlds  now  scattered  through  space. 

Whatever  their  origin  and  cause,  when  the 
facta  known  regarding  them  are  compared, 
they  seem  to  be  all  of  the  same  nature  and, 
perhaps,  of  similar  origin,  differing  from  one 
another  mainly  in  the  mere  accidents  of 
magnitude  and  density.  The  time  for  solv- 
ing the  problem  is  evidently  far  off — and 
possibly  will  never  come  at  all — but  what- 
ever the  solution,  we  know  that  they  come 
to  us  from  the  depths  of  space,  from  distant 
splendors,  and  they  prove  that  the  substances 
and  forces  which  surround  us  here  exist  also 
in  other  worlds. 
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Mrs.  Frederic  R.  Honey. 


Thb  Spanish-American  Treaty 


THE  war  with  Spain,  which  has  been  of 
paramount  interest  to  this  country 
during  the  past  twelve  months,  began 
on  April  21  St,  1898.  At  the  end  of  July  it 
was  evident  to  Spain  that  she  was  out-classed, 
and  that  further  efforts  on  her  part  were 
futile.  The  French  ambassador,  M.  Cambon, 
acting  on  her  behalf,  requested  proposals  of 
peace  from  the  United  States  government. 
A  protocol,  or  temporary  agreement,  was 
prepared  by  President  McKinley,  and  on 
August  12th  was  accepted  in  the  name  of 
Spain  by  M.  Cambon.  This  was  a  necessary 
preliminary  to  a  formal  treaty  of  peace 
between  the  United  States  and  Spain,  which 
should  dispose  of  the  cause  of  the  war, 
and  define  the  conditions  imposed  by  the 


victor  and  accepted  by  the  vanquished. 
From  the  date  of  its  signature  hostilities 
were  suspended. 

This  protocol  announced  the  conditions  on 
which  the  president  of  the  United  States 
was  willing,  on  behalf  of  the  nation,  to 
arrange  and  submit  to  the  Senate  for  ratifi- 
cation a  treaty  of  peace  with  the  Spanish 
government.  It  was  required  that  Spain 
should  relinquish  her  sovereignty  over  Cuba ; 
that  Porto  Rico  and  other  specified  islands 
should  be  ceded  to  the  United  States,  who 
should  also  hold  Manila  until  the  future 
government  of  the  Philippine  Islands  could 
be  determined  by  treaty ;  that  Spain  should 
withdraw  her  troops  from  conquered  terri- 
tory; and  that  commissioners  should  meet 
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to  negotiate  a  treaty  on  these  lines.  The 
commissioners  appointed  by  the  President 
were  the  Secretary  of  State,  William  R.  Day, 
of  Ohio;  Senators  Cushman  0.  Davis,  of 
Minnesota,  William  P.  Frye,  of  Maine,  and 
George  Gray,  of  Delaware;  and  Whitelaw 
Reid,  the  editor  of  a  leading  Republican 
newspaper.  The  Spanish  government  also 
appointed  men  of  equal  podtion,  ability,  and 
reputation.  Two  of  them  were  members  of 
the  Senate;  the  others  were  a  general  who 
had  had  colonial  experience,  a  diplomat,  and 
a  lawyer  of  distinction.  As  France  had  stood 
sponsor  for  Spain  in  the  matter  of  the  pro- 
tocol it  was  natural  to  fix  on  Paris  as  the 
place  of  meeting  for  the  commissioners,  and 
the  ambassador's  quarters  in  the  French 
Foreign  Office  were  placed  at  their  disposal. 
N^otiations  were  begun  with  but  little 
delay.  The  commissioners  were  in  constant 
communication  with  Washington,  and  the 
president  was  consulted  in  connection  with 
all  important  details.  There  was  little  dis- 
cussion With  regard  to  the  abandonment  of 
Cuba,  over  which  the  United  States  holds 
an  indefinite  protectorate;  the  cession  of 
Porto  Rico;  or  the  withdrawal  of  Spanish 
troops  from  lands  over  which  Spanish  rule  was 
to  cease ;  the  inevitable  was  accepted,  for  loss 
of  territory  almost  always  accompanies  defeat 
in  war.  But  there  was  grave  difierence  of 
opinion  with  regard  to  the  debt  which  Spain 
had  incurred  in  connection  with  Cuba,  and 
for  which  Cuban  revenues  were  pledged. 
A  part  of  the  money  had  been  spent  in  the 
island  on  public  works  of  utility  and  defense ; 
the  larger  proportion  had  been  spent  in  the 
oppression  of  the  Cubans,  and  in  fighting 
them  during  their  long  struggle  for  inde- 
pendence. Spain  insisted  that  the  Cuban 
debt  ought  to  go  with  Cuba^  Other  nations 
were  interested  in  the  decision  of  this  question , 
for  Cuban  bondd  are  held  elsewhere  than  in 
Spain,  and  every  bondholder  would  prefer 
the  security  of  the  United  States  to  that  of 
the  impoverished  and  almost  bankrupt 
Spanish  government.  But  the  United  States 
refused  to  accept  any  responsibility  for  this 
debt,  or  to  allow  it  to  be  saddled  on  Cuba  in 
the  event  of  an  independent  government 
being  established  there;  and  Spain  was 
forced  to  yield  the  point.  Minor  arrange- 
ments were  settled  with  due  formality  and 
without  much  delay ;  political  offenders  and 
prisoners  were  to  be  given  up ;  and  the  United 
States  undertook  to  decide  claims  for  damages 
againstSpain  on  the  part  of  American  citizens. 
Stipulations  were  made  with  regard  to  the 
possession  of  military  material,  and  the  terms 


of  future  commercial  intercourse  between  the 
two  countries  were  arranged. 

But  the  main  cause  of  difference  between 
victor  and  vanquished  was  the  future  of  the 
Philippine  Islands.  The  American  commis- 
sioners laid  claim  to  them  as  spoils  of  war, 
and  asserted  a  right  to  decide  what  disposi- 
tion should  be  made  of  them.  The  Spaniards 
denied  that  the  islands  had  been  conquered, 
as  Manila,  the  only  point  efi*ectively  held 
by  the  Americans,  had  been  seized  after  the 
signature  of  the  protocol,  by  which  act 
hostilities  had  been  suspended.  The  word- 
ing of  the  protocql  with  regard  to  the  Philip- 
pines was  very  indefinite,  and  Spain  had 
ample  ground  for  her  opposition  to  Ameri- 
can claims. 

But  the  hard  fact  remained  that  she  was 
helpless.  If  the  protocol  had  demanded  the 
cession  of  the  Philippines  as  plainly  as  it  did 
demand  the  cession  of  Pprto  Rico,  Spain 
would  have  had  no  choice  but  to  consent 
and  sign.  She  had  come  to  the  end  of  her 
naval  resources,  and  her  troops  could  only 
have  prolonged  a  hopeless  struggle.  Europe 
had  watched  the  course  of  events,  and  knew 
that,  as  soon  as  Dewey's  victory  of  May  Ist 
had  been  won,  the  resolve  that  Spain  should 
be  expelled  from  the  Philippines  had  taken 
root  in  this  country,  and  that  it  had  spread 
and  strengthened,  although  opinions  wei*e 
divided  as  to  American  annexation  and 
native  independence.  It  was  evident  during 
the  progress  of  the  war  that  a  part,  at  least, 
of  Europe  sympathized  with  Spain.  Since 
assistance  was  not  offered  in  her  extremity 
we  must  conclude  that  a  possible  change  in 
Philippine  ownership  was  not  believed  to  be 
of  such  vital  consequence  as  to  justify  a  com- 
bination against  the  superior  strength  of  the 
United  States  and  her  British  friends.  As 
none  came  forward  to  help  Spain  to  retain 
her  Asiatic  colonies  at  that  juncture,  while 
there  was  still  a  fighting  chance,  she  could 
not  expect  aid  after  she  bad  thrown  up  her 
hands. 

Yet  to  the  last  Spain  seems  to  have  clung 
to  the  hope  that  influence  would  in  some 
way  be  exerted  in  her  behalf.  It  is  difficult 
to  account  otherwise  for  her  procrastination, 
and  the  prolonged  aiguments  which  were 
plainly  futile.  It  was  known  that  opinions 
were  divided  in  the  United  States  on  the 
question  as  to  the  future  of  the  islands,  and 
that  a  strong  party  was  opposed  to  annexa- 
tion. It  was  also  known  that  one  of  the 
commissioners  indorsed  this  view.  Perhaps 
Spain  hoped  that,  under  the  influence  of 
this  opposition,  the  representatives  of  the 
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American  people  would  modify  their  pro- 
posals, and  that  the  sober  second  thought, 
for  which  the  Spanish  **  manana ''  gave  time, 
would  be  to  their  own  advantage.  From  the 
point  of  view  of  the  Spaniards,  the  American 
attitude  towards  Spain's  ownership  of  the 
Philippines  was  much  like  that  of  iEsop^s 
dog  in  the  matiger :  **  I  do  not  want  it.  but 
you  shall  not  have  it ! "  She  felt  that  Euro- 
pean sentiment  must  be  aroused  by  an  act 
which  bore  the  appearance  of  chastisement 
of  a  fallen  enemy  on  the  part  of  the  United 
States,  rather  than  the  acceptance  of  an 
opportunity  of  desired  territorial  expansion. 

But  our  commissioners  became  weary  of 
the  excessive  delay  in  the  execution  of  the 
treaty,  and  on  November  2lBt  they  offered 
final  proposals,  demanding  that  an  answer 
be  given  within  a  week.  Spain  had  no 
choice  but  to  yield  on  such  terms  as  America 
chose  to  exact,  and  be  thankful  for  the 
120,000,000  which  the  victor  offered  as  com- 
pensation for  an  island  empire.  She  saw 
that  further  opposition  was  useless,  and  the 
treaty  was  signed  under  protest.  The  con- 
stitution of  the  United  States  requires  that 
all  treaties  made  with  foreign  countries  by 
the  president  must  be  submitted  to  the 
Senate,  and  must  be  approved  by  two-thirdn 
of  the  senators  who  are  present  when  a  vote 
is  taken  on  the  subject.  The  Spanish  treaty 
came  before  the  Senate  on  February  6th,  and 
it  was  ratified  by  a  very  close  vote.  This 
narrow  majority  fairly  represents  the  attitude 
of  the  country  towards  the  Philippine  ques- 
tion. Annexation  in  any  form  was  opposed 
by  many  prominent  and  thoughtful  poli- 
ticians ;  others  assented  on  grounds  of  expe- 
diency ;  while  a  large  party,  including  many 
Western  men,  were  ardentiy  in  its  favor. 

There  is  an  old  saying  that  **  lookers-on 
see  most  of  the  game ' ' ;  and  to  the  European 
audience  who  have  watched  every  move  in 
this  game  of  war  the  chief  interest  centers  in 
the  Philippines.  Whatever  may  be  the  out- 
come of  the  present  situation,  this  will  rank 
in  the  future  as  the  most  important  feature 
of  the  war — the  one  that  involves  the  gravest 
consequences  in  national  and  international 
history.  It  matters  comparatively  little  to 
the  rest  of  the  world  that  Spain  has  been 
banished  from  the  American  continent.  The 
predominance  of  the  United  States  was 
already  established  in  the  western  hemi- 
sphere ;  and,  if  Cuba  and  Porto  Rico  alone 
be  considered,  the  change  in  the  balance  of 
power  is  but  slight.  But  the  relation  of  the 
United  States  to  Asia  is  of  much  consequence 
to  European  nations,   of  whom    three  are 


already  Asiatic  powers,  and  a  fourth  has 
shown  that  she  means  to  follow  the  example 
of  her  neighbors. 

Europe  is  no  longer  the  stage  on  which 
the  political  drama  of  the  civilized  nations 
is  played ;  the  larger  theater  of  the  world 
is  now  its  scene ;  and  1898  has  seen  America 
take  her  place  as  a  permanent  member  of 
the  company.  From  a  people  with  such  a 
history  great  things  are  expected  if  she  puts 
her  hand  to  a  new  task.  It  is  still  uncertain 
whether  she  will  decide  to  rule  her  new 
possessions  as  colonies ;  if  so,  her  experi- 
ments will  be  closely  observed  and  criticized. 
Europe  knows  that  such  experience  must 
be  dearly  bought;  for  Great  Britain  has 
demonstrated  that  successful  colonial  gov- 
ernment demands  long  apprenticeship ;  but 
she  has  an  inward  conviction  that  America 
will  believe  the  object  to  be  worth  the  price. 

Yet  more  important  than  the  change 
which  has  been  wrought  in  the  relation 
between  the  United  States  and  the  other 
great  world  powers  is  the  change  which  has 
manifested  itself  in  the  people  as  a  nation. 
Granted  that  the  desire  for  expansion  is  by 
no  means  universal,  it  yet  has  taken  firm 
hold  in  the  minds  of  men  who  will  be  the 
main  factors  in  political  power  ten  or  twenty 
years  hence.  What  seemed  to  be  a  chance 
seed  fell  on  very  receptive  soil  on  May  1st, 
1898 ;  and  its  roots  have  shot  deep  and 
spread  wide.  The  germ  found  awaiting  it 
an  environment  well  calculated  for  its 
development.  The  Anglo-American  comes 
of  a  conquering  race,  and  shares  its  imperial 
instincts.  Whatever  may  be  said  as  to  the 
literal  reading  of  the  Constitution  in  connec- 
tion with  the  acquisition  of  foreign  territory, 
**  for  better,  for  worse,**  the  old  isolation  has 
been  broken  down.  The  destiny  of  the 
Philippine  Islands  may  be  to  become  per- 
manently subject  to  American  rule,  or  to 
native  rule,  or  to  be  made  over — for  a  com- 
pensation— to  the  rule  of  some  other  power. 
In  either  case  the  voice  of  the  American 
people  will  have  spoken  decisively  in  Asia  ; 
they  cannot  escape  from  the  responsibility 
which  events  have  thrust  upon  them.  They 
will  expect  in  the  future  to  be  heard,  and 
other  countries  cannot  reckon  without  them 
in  the  settlement  of  international  affairs  in 
that  part  of  the  globe.  Whether  or  not 
America  actually  takes  a  place  in  the  arena 
at  this  juncture  as  a  colonial  power,  the 
thoughts  that  have  stirred  men's  minds  will 
not  be  forgotten ;  but  sooner  or  later  they 
will  take  shape  in  action  ;  and  no  one  knows 
what  will  be  the  end  thereof 


THE  BUSIEST  SPOT.  ON  EARTH. 


WHERE  18  the  bnaieat  apot  on  earth? 
The  mind  of  the  New  Yorker  imme- 
diately reverts  to  Broadway  and  Ful- 
ton Street,  while  that  of  the  a ven^^ Londoner 
whoknowB  the  "citf"  will  call  up  the  space 
in  front  of  the  Mansion  Hooae,  where — 
eepecially  at  noon,  Saturday — many  streams 
of  traffic  converge.    Now,  the  above  may  be 
correct  enough  as  regards  surface  traffic,  but, 
when  one  goes  belma  the  surface,  other  places 
claim  the  distinc- 
tion of  being  much 
busier.  As  all  the 
traffic   in  New 
York     is     above 
ground,  we  must 
leave  that  city's 
busy  spots  out  of 
the  qnestion  and 
submit  the  claim 
of  what  is  known 
as    "Slaughter 
Comer  "  in  Lon- 
don.     Why  this 
locality    is  so 
named  we  cannot 


say. 


fing 


tlie  locality  pretty 
well,  wecanassert 
that  it  is  not  one- 
tenth  as  danger- 
ous to  foot-pas- 
sengers as  a  hun- 
dred other  places 
that  might   be 

although     the 
artist,    possibly    I 
toshow  the  range   | 
of  his   powers, 
has  depicted  in 
the  immediate 
foreground   a   j 
specimen  of  near-    I 
ly  every  bind  of 

vehicle  extant,  together  with  a  varied  assort- 
ment of  pedestrians. 

The  particalar  spot  is  about  a  minute's 
walk  from  the  Middlesex  end  of  Black  friars' 
Bridge ;  the  street  ia  a  business  thorough- 
fare devoted  largely  to  engineers'  offices  and 
■huwrouma — more  particularly  so,  farther 
citywards.    Theartisthasshowoataastreet 


refuge,  at  b  a  "  London  gondola"  (or  han- 
som), and  at  c  the  harmless  though  neces- 
sary policeman  with  his  eye  on  the  traffic ; 
the  ubiquitous  cyclist  needs  no  pointing  out. 
Crossing  the  bridge  overhead  is  the  London, 
Chatham  &  Bover  Railway,  sometimes  irrev- 
erently spoken  of  as  the  "  Bang  'em,  Smash 
'em,  and  Turn  'em  over  Railway  " — not  that 
it  doa  any  of  these  things,  but  because  the 
Southern  lines  are  in  such  disrepute  with 
travelers  that,  if 
they  con  get  even 
in  any  way,  they 
do. 

Bat  it  is  not 
the  visible  traffic 
that  gives  this 
spot  the  right  to 
its  title;  itiswbat 
goes  on  under 
ground.  First, 
there  are  the 
electric- wire  con- 
duits; then  the 
gas  main ;  below 
that  the  water 
main;  and  farther 
down  still  the 
underground  rail- 
way— the  Metro- 
politan. This 
railroad,  which 
was  built  in  the 

carries  full-sized 
rolling  stock  and 
ordinary  locomo- 
tives; the  gauge  is 
4  ft,  8i  in.,  the 

can    trdnk  lines. 
Immediately 
below  this  rail- 
road   the   main 
sewage     flows, 
and  finally,   77  feel  below  the  surface  of 
the  street,   is   a   second   underground   rail- 
road—the  City    A   Waterloo — which    is   a 
quite    modern    affair,    run    by    elei/tricity. 
Taken  altogetlier,  it  would  probably  be  diffi- 
cult to  find  anotlier  "slice  of  earth"  that 
could  hope  to  take  from  this  the  litle  it  has 
earned. 


STEPPING  STONES  IN  THE  ART  OF  COOKING 


Mrs.  Henry  Esmond. 


Step  II :   Roasting,  Broiling,  and  Baking  ;  or  Cooking  Foods  in  Their  Own  Juices. 


TRUE  roasting,  that  is,  cooking  in  front 
of  an  open  fire,  is  but  little  known  in 
private  families  in  America,  what  we 
call  roast  beef  being  in  reality  baked.  In 
England,  the  kitchen  ranges  are  made  with 
a  grate  that  is  open  in  front — made  so  spe- 
cially for  roasting  meats.  The  bars  of  this 
grate  are  horizontal  and  quite  far  apart,  and 
the  fire  is  raked  to  the  front.  From  the  wall 
above  the  range,  there  generally  projects  a 
spit,  from  which  the  meat  is  suspended  and 
kept  rotating  in  front  of  the  fire.  The 
meat  is  basted  almost  continually  to  keep 
the  outside  moist  and  to  prevent  it  from 
burning. 

In  roasting,  broiling,  or  baking  any  food, 
the  radiated  heat  from  the  fire,  or  the  heat 
of  the  air  by  which  the  food  is  surrounded, 
has  very  much  the  same  efiect  that  the  heat 
of  boiling  water  has  upon  food  that  is  plunged 
into  it,  as  explained  last  month  ;  that  is,  it 
hardens  the  albumen,  closes  the  pores,  and 
prevents  the  escape  of  the  juices. 

Broiling  is  cooking  directly  over  the  clear 
fire,  where  the  heat  is  intense.  This  method 
is  specially  suitable  for  steaks,  chops,  and 
fish,  and  for  slices  of  meat  of  no  great  thick- 
ness. It  is  not  suitable  for  joints  of  beef,  or 
very  thick  pieces,  because  the  heat  is  so 
intense  that  the  outside  would  be  burned 
long  before  the  inside  was  even  warmed 
through.  The  fire  for  broiling  must  be  very 
hot  and  perfectly  clear ;  smoke  or  blue  flames 
will  give  the  food  a  disagreeable  taste.  The 
meat  should  be  turned  frequently  ;  this  helps 
to  keep  the  juices  in,  by  causing  them  to  run 
back  and  forth  inside  instead  of  running  out. 
If  the  fire  is  not  a  very  hot  one,  and  you 
put  the  meat  on  to  broil  and  fail  to  turn  it 
over,  the  juices  will  rise  and,  escaping  through 
the  top  surface,  run  over  and  be  lost  in  the 
fire.  Never  attempt  to  do  any  broiling  until 
you  have  a  good,  clear,  hot  fire.  The  time 
required  to  cook  a  good-sized  steak  IJ  inches 
thick,  is  about  6  minutes.  Rub  the  bars  of 
the  broiler  with  a  small  piece  of  the  fat  of 
the  meat ;  lay  the  meat  on  the  broiler ;  hold 
it  over  the  fire — about  4  inches  above  the 
coals — and  count  10  seconds ;  turn  the  broiler, 
count  10,  and  repeat  until  the  meat  is  done. 


If  the  melting  fat,  as  it  drips  into  the  fire, 
blazes  up,  do  not  lift  the  broiler  away,  as  the 
smoke  from  the  burning  fat  flavors  the  meat 
agreeably.  Do  not  put  salt  on  the  meat 
before  cooking,  as  it  draws  outi  the  juices. 

Broiled  chops  should  be  simply  well 
browned  on  both  sides.  Spring  chickens 
should  first  be  split  down  the  back  and 
sprinkled  with  flour,  then  broiled  for  firom 
15  to  20  minutes.  Fish  should  be  broiled 
for  about  the  same  length  of  time  as  a  steak, 
or  until  it  is  well  browned  on  both  sides. 

Baking  is  cooking  in  hot  air  ;  and,  just  as 
broiling  must  be  done  over  a  hot  fire,  so 
baking  must  be  done  in  a  hot  oven,  other- 
wise the  juices — which  are  composed  largely 
of  water — will  be  evaporated,  and  the  meat 
will  become  dry  and  tasteless.  Have  the 
oven  very  hot ;  place  the  meat  in  a  dripping 
pan,  without  water  or  dripping  of  any  kind  ; 
put  the  pan  in  the  oven,  and  let  it  remain 
for  from  10  to  15  minutes,  or  until  the  out- 
side of  the  meat  is  seared  ;  then  add  some 
butter,  suet,  or  beef  dripping,  and  a  little 
water  (not  much  water,  or  it  will  make  the 
fat  sputter)  and  baste  the  meat  well  with 
this ;  then  dredge  with  a  little  fiour ;  this 
forms  a  moist  crust  over  the  surface,  which 
does  not  harden.  After  beginning  to  baste, 
the  oven  need  not  be  kept  at  such  an  intense 
heat ;  a  moderate  oven  is  better,  as  too  high 
a  temperature  will  burn  the  fat  before  the 
inside  of  the  meat  is  cooked.  The  time 
required  to  thus  cook  a  rolled  piece  of  beef 
is  from  10  to  13  minutes  to  the  pound  ;  this 
should  leave  the  meat  pink  and  juicy  with- 
out being  too  rare.  Turkey  and  chicken 
require  from  20  to  25  minutes  to  the  pound. 
The  same  rules  should  be  followed  with 
them  as  with  any  other  meat.  Veal  requires 
fully  20  minutes  to  the  pound,  and  should 
be  well  done,  or  it  is  very  indigestible. 

In  the  baking  of  potatoes,  the  skin  of  the 
potato  keeps  the  water  in  until  the  inside 
is  cooked ;  then  the  starch  cells  burst,  the 
water  is  converted  into  steam,  and  the  skins 
should  be  broken  so  as  to  allow  the  steam  to 
escape,  otherwise  the  steam  will  condense 
inside  the  potato  and  make  it  soggy  instead 
of  dry  and  mealy. 
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A  USBPUL  PIECE  OF  QLAS8. 

TbnpW,  ft'ew  York.  A',  Y. 

Whrk  filing  up  templete,  worm-thread 
tools,  certain  forma  of  cutters,  etc.,  I  have 
(band  a  piece  of  glaes,  aaed  as  indicated  in 
the  accompanjing   sketch,   a  great    help. 


dead  true.  This  is  what  1  did  :  I  took  two 
pieces  of  stoel,  one  coasiderably  shorter  than 
the  other,  as  at  a  and  b  in  the  sketch.  The 
long  piece  1  held  between  the  three  jaws  1, 
t,  and  4-  Then,  by  means  of  jaw  3, 1  fixed 
the  shorter  piece  np  against  the  longer  one, 
with  a  strip  of 
thin  sheet  tin 
between  the  two. 
Neztldrilledhole  i 
eexactly  the  same 
diuneter  as  that 
of  the  shanks  to 


Without  the  aid  of  eome  guide,  it  is  almost 
impossible  to  hold  the  templet  square  with 
the  work ;  but  if  a  piece  of  sheet  glass  c  is  held 
sgtuDst  both  templet  a  and  work  6,  the  trick  is 
done,  and  the  fit  of  the  pans  can  be  com- 
pared bj'  holding  up  to  the  light  and  looking 
through. 

A  CBHTERINO  AND  CHUCKING  DEVICE. 


InteraUd  Seadfr.  Wauiet 


i.m. 


held. 


TZY 


lening  jaw  5 
and  removint;  the  ends  of  the  strip  of  tin,  1 
found  that  I  had  a  most  satisfactory  center- 
ing and  chucking  device  ;  all  that  I  had  to 
do  to  secure  the  work  was  to  tighten  up  jaw 
5  ;  and,  of  course,  loosening  this  same  jaw 
released  the  work. 


TO  DRS88  A  RUUNO  PEN. 


Ralph  F.  Eiefer.  Sharon,  Pa. 


I  directions  for  dressing  the 
blades  of  a  ruling-  or  a  bow-pen  will,  I  think, 
be  of  use  to  draftsmen  :  Screw  the  blades  into 
contact,  and  pass  them  over  an  oilstone,  as 
indicated  in  the  illustration,  turning  them 


Some  timk  ago  I  had  several  pmall  center 
reamera  to  make  on  an  ordinary  lathe.  Of 
course  I  rooghed  them  all  out,  and  finished 
them  "  all  except  bringing  them  to  the  cor- 
rect taper"  on  the  lathe  centers.  Then  I 
had  to  hold  them  by  the  sliank  and  finish 
tbem,  the  compound  rest  being  set  to  cut 
the  proper  taper.  Now  the  shanks  were  too 
imalltobebeldinthechuck  ;  besides,  it  would 
have  been  tedious  work  getting  each  to  run 


in  a  plane  directly  perpendicular  to  the  face 
of  the  stone  until  both  blades  are  the  same 
in  outline,  and  areoftheshapc  shown  at  (a). 
Unscrew  and  examine.    You  will  find  that 
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the  blades  are  of  unequal  thicknesses  around 
the  point.  Taking  now  one  blade  at  a  time, 
wear  the  backs  down  carefully  on  the  oil- 
stone until  the  edge  of  each  is  even  and  keen. 
Screw  them  together  again,  and  pass  care- 
fully and  lightly  over  the  stone,  to  correct 
any  visible  faults.  Now  unscrew,  open  wide, 
and,  laying  the  Inside  face  of  each  blade  flat 
on  the  stone,  remove  the  burrs.  Finally,  to 
get  rid  of  all  adhering  particles,  draw  each 
blade  two  or  three  times  across  the  palm  of 
the  hand. 


A  USEFUL  LATHE  TOOL. 


Prentice,  Canada. 


I  ENCLOSE  sketch  of  a  lathe  tool  which  I 
have  found  useful  for  cutting  the  grooves  in 
the  rings  that  secure  the  steel  tires  to  the 
wheels  of  a  locomotive ;  I  refer  to  the  rings 
that  prevent  a  broken  tire  from  flying  off"  in 
pieces.  The  tool  is  also  far  ahead  of  a  solid 
square-nose,  or  parting  tool,  for  cutting  off* 
disks  of  wrought  iron  or  steel,  and  for  cut- 
ting into  work  at  right  angles  to  the  lathe 
face-plate  or  chuck.  It  consists  of  a  tool- 
steel  tool  holder  a,  having  bent  part  h  through 
which  the  cutting  tool  c  is  inserted ;  this 
cutting  tool,  which  I  made  of  J-inch  round 


a 


tool  steel,  is  a  snug  fit  in  the  hole  in  b;  and 
is  secured  from  turning  by  the  setscrew  d, 
but  is  a  loose  fit  in  a — diameter /being  about 
^  of  an  inch  larger  than  diameter  e ;  this 
allows  6,  and  with  it  the  cutting  tool,  to 
spring.  In  proof  of  its  usefulness,  I  may  say 
that  when  I  am  not  using  it  piyself  it  is 
frequently  borrowed  and  used  by  others. 


AN  ECCENTRIC  CENTERING  JIG. 

Workman,  Cincinnati,  Ohio. 

In  the  shop  where  I  am  employed,  there 
are  a  great  many  eccentric  shafts  to  turn. 
To  quickly  and  accurately  center  these  shafts 
for  the  required  throw,  I  made  the  jig  illus- 
trated at  ( a )  and  ( 6 ) .  The  old  way  of  mark- 
ing off"  occupied  a  great  deal  of  time,  most  of 
which  is  saved  by  using  this  jig.    The  holes 


a,  6,  c,  and  d  are  at  difierent  distances  from 
the  center,  the  same  jig  thus  answering  for 
four  different  eccentric  throws.  Four  fine 
radial  lines  e,  /,  g,  and  h  are  cut  across  the 
rim,  as  shown,  one  for  each  of  the  holes. 
The  jig  is  used  in  the  following  manner: 


The  ends  of  the  shaft  are  turned  to  fit  the 
jig,  as  at  (c).  Then,  while  still  in  the  lathe, 
a  fine  line  m  is  made  at  each  end ;  this  is 
done  with  an  ordinary  lathe  tool  by  travers- 
ing the  carriage,  the  shaft  being  rigidly  held 
from  turning.  The  shaft  is  then  taken  to 
the  drill  press,  the  jig  placed  on  one  end  so 
that  one  of  the  radial  lines  e,/,  y,  h  coincides 
exactly  with  line  m,  and  secured  with  the 
thumbscrew.  The  desired  center  hole  is 
then  drilled  through  the  jig  into  the  end  of 
the  shafL  The  same  thing  is  done  with  the 
other  end,  using  the  same  line  on  the  jig  to 
match  line  m  on  the  shaft. 


A  VISE  ATTACHMENT. 


Ed.  J,  Roy,  BellcviUe,  OrU. 

I  FREQUENTLY  make  use  of  the  following 
easy  way  of  holding  small  patterns  and  core 
boxes,  instead  of  squeezing  them  between  the 
clumsy  jaws  of  the  ordinary  patternmaker's 
vise :  a  is  a  T  board,  which  is  held  in  the 
vise  as  shown  ;  then,  by  means  of  the  hand 
screw  c,  the  piece 
b  to  be  operated 
upon  can  easily  be 
held  in  any  desired 
position.  Some- 
times it  is  advis- 
able to  use  two 
hand  screws,  one 
to  hold  the  work 
down,  the  other 
to  clamp  firmly 
to  the  top  of  the 
T  board  itself,  to 
act  as  a  stop — in 
other  words,  to 
push  the  work 
against.  Delicate  patterns  can  easily  and 
safely  be  carved  out  when  held  in  this 
manner. 
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PLANING  IN  A  LATHE. 


R.  Hampaon^  ArmUton^  Alabama. 

In  a  recent  number  of  your  magazine  a 
subscriber  asked  if  you  knew  of  any  way  in 
which  planing  could  be  done  in  a  lathe.  In 
reply,  you  suggested  that  some  interested 
reader  might  send  an  answer  as  a  contribu- 
tion to  **  Good  Schemes."  The  sketch  here- 
with shows  how  I  have  successfully  planed 
key  ways  in  a  lathe.  Referring  to  the  figure, 
a  is  a  shaft  in  which  a  key  way  is  to  be  planed. 
I  first  drill  or  otherwise  cut  a  place  at  each 
end  of  what  is  finally  to  be  the  key  way,  for 
the  cutting  tool  to  start  and  stop  in.  Then 
I  damp  the  shaft  to  the  tail-stock  by  means 
of  clamps  6,  c,  and  d ;  secure  the  proper  tool 
in  the  tool  post ;  put  in  change  gears  as  if  I 
wished  to  cut  a  very  coarse  screw  thread ; 
drop  in  the  back  gears  ;  run  at  a  high  speed  ; 
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and  thus  obtain  a  quick  traverse  of  the  cut- 
ting tool. 

Keyways  or  slots  can  be  cut  inside  cylin- 
ders by  using  a  fixed  boring  bar  and  clamp- 
ing the  work  to  the  carriage. .  Taps  and 
reamers  can  be  fiuted  by  clamping  to  the 
tail-stock  and  traversing  the  carriage  by 
hand. 


CALIPER  SETTING. 


C.  C  Ottumtoa,  Iowa. 


I  BBLiEVB  it  is  a  fact  that  the  banner 
always  finds  it  difficult  to  so  set  his  calipers 
for  lathe  work  as  to  get,  at  will,  a  driving 
fit,  a  snug  fit,  or  an  easy  fit.  Of  course, 
nothing  but  experience  will  tell  a  man  just 
how  many  thousandths  larger  or  smaller  a 
shaft  must  be  to  insure  the  desired  fit,  but 
one  can  learn  a  good  deal  by  experimenting 
with  various  thicknesses  of  paper.  For 
example,  if  it  is  desired  to  turn  up  a  shaft 
so  that  it  will  be  a  driving  fit  in  a  gear- 
wheel, proceed  as  follows :  Caliper  the  hole 
in  the  gear  with  inside  calipers,  as  usual ; 
then,  when  transferring  this  measurement 
to  the  outside  calipers,  hold  one  or  more 


thicknesses  of  paper  over  one  of  the  points 
of  the  inside  calipers,  so  as  to  increase  the 
measurement  by  the  required  amount.  The 
paper  should  be  smooth  and  hard,  and  its 
thickness  must  be  known.  Where  microm- 
eter calipers  are  not  at  hand,  this  scheme 
will  be  found  a  great  help.  After  long  prac- 
tice the  ''feel"  of  the  calipers  on  the  work 
is  sufficient  guide,  but  I  believe  the  above 
method  will  teach  the  banner  to  set  his 
calipers  properly  and  with  a  little  practice 
to  **feer*  accurately  to  a  thousandth  of  an 
inch. 

TO  MOUNT  A  PHOTOGRAPH. 


Kodaker. 


I  HAD  NOT  been  an  amateur  photographer 
very  long  before  I  discovered  that  it  was  no 
easy  matter  to  mount  a  print  both  central 
and  square  on  the  card.  This  led  me  to  take 
particular  notice  of  the  work  done  by  my 
numerous  brothers  in  art,  and  I  found,  to 
my  surprise,  that  my  work  in  this  direction 
was  as  good  as,  and,  not  seldom,  even  better 
than,  that  done  by  much  older  hands  than 
I.  This  discovery  set  me  thinking,  and  I 
thought  out  and  have  since  used,  with  never- 
failing  success,  the  following  scheme :  With 
a  sharp  knife  and  the  help  of  a  couple  of 
celluloid  set  squares,  I  trim  the  print  to  the 
required  size,  and  tlms  get  the  corners  square 
and  the  edges  perfectly  straight  and  smooth. 
Then  I  hold  the  print  under  the  cold-water 
faucet  and,  when  evenly  wet,  lay  it,  face 
down,  on  the  glass.  To  the  back  of  the 
print  I  now  apply  the  paste,  and  rub  it  in 
well  with  a  fairly  stifi*  brush  ;  then  I  make  a 
careful  examination  of  the  pasted  surface, 
and  remove  any  little  lumps  or  particles  of 
dust,  however  minute,  that  I  may  find  upon 
it.  Slipping  the  blade  of  a  pocket  knife 
under  one  corner  of  the  print,  I  now  take  it 
off"  the  glass  and  lay  it — still  face  down — 
upon  a  piece  of  transparent  ailed  sUk  previously 
dampened  with  a  wet  sponge;  it  is  this 
piece  of  oiled  silk  that  does  the  trick  ;  being 
damp  on  the  surface,  the  print  adheres  to  it, 
and,  being  transparent,  when  held  (with  its 
adhering  print  underneath)  in  a  horizontal 
position  over  the  mounting  card,  you  can  lay 
the  print  down  wherever  you  want  it,  and, 
if  you  have  anything  like  a  true  eye,  you 
have  no  difficulty  in  placing  it  exactly  in  the 
center  of  and  square  on  the  card.  I  used  to 
be  ashamed  of  my  mounting ;  now,  I*m 
proud  of  it. 


In  thb  January  number  of  this  magazine, 
there  appeared  an  article  entitled  "One- 
Millionth  of  an  Inch,"  in  which  a  machine 
for  detecting  an  error  of  one-millionth  of  an 
inch  was  described.  The  illuatrationaon  this 
page  represent  the  New  Model  Standard 
Measuring  Machine,  manufactured  hy  the 


bined  with  the  necessary  weight ;  it  is  sup- 
ported on  three  neutral  points,  or  feet  of 
small  area,  hence  is  not  affected  by  sudden 
changes  of  temperature  or  by  flexure.  The 
sliding  head,  which  includes  the  precision 
screw  and  index,  is  carefully  fitted  upon 
the  ways  of  the  bed,  to  secure  parallelism  of 
the  measuring  faces  at  any  position,  up  to  the 
capacity  of  each  size  of  machine.  The  screw 
has  adjustments  for  compensation  for  wear 
in  nut  and  shoulders.  Delicacy  of  contact 
between  the  measuring  faces  is  obtained  by 
the  use  of  auxiliary  Jaws  holding  a  small 
hardened  cylindrical  gauge  between  them  by 
the  pressure  of  a  tight  helical  spring  which 
operates  the  slidii^  spindle  in  the  left-hand 
head,  to  which  head  one  of  these  auxiliary 
jaws  is  attached.  The  behavior  of  this ' '  sen- 
sitive piece" — shown  at  a  in  front  view- 
readily  determines  the  uniformity  of  contact 


Pratt  A  Whitney  Oo.,  Hartford,  Conn. 
While  advieing  uh  of  the  Bucceasful  intro- 
duction of  this  machine,  the  makers  take  the 
opportunity  of  stating  that  though  the 
Whitworth  machine,  described  in  the  article 
referred  to  above,  is  no  doubt  capable  of 
detecting  a  very  small  irror,  it  is  not  possible 
for  it  to  mccMurf  anything  like  so  small  a 
length  as  it  was  designed  for,  except  on  the 
assumptionthat  each  detail  of  its  construction 
is  perfect  within  that  limit;  and  it  is  well 
known  that  it  is  impossible  to  produce  a 
screw,  or  any  other  piece,  within  a  limit  ten 
times  greater  than  one-millionth  of  an  inch. 
The  makers  claim,  and  we  have  every  reason 
to  believe  them,  that  the  New  Model  will 
positively  measure  a  definite  length  within 
a  variation  of  one  hundred -thousandth,  or 
.00001,  of  an  inch  ;  this  amount,  it  is  gener- 
ally acknowledged,  is  the  practical  limit  of 
exact  reproduction.  The  New  Model  is 
described  as  an  instrument  of  pretieion  for 
originating  gauge  sizes,  or  for  duplicating 
existing  standards,  within  limits  that  are 
necessary  and  practicable  for  this  class  of 
work.  The  bed  is  massive,  the  ohject  being 
to  secure  the  greatest  possible  stiffness  com- 


of  the  measuring  faces  at  zero  and  upon  the 
gauge  which  is  afterwards  measured  between 
them.  The  rear  view  shows  the  standard 
bar  b.  The  sliding  micrometer  head  of  the 
machine  is  adjusted  by  the  coincidence  of  a 
single  line  in  the  eyepiece  of  the  microscope 
with  each  finely  ruled  gradation  of  this 
standard  bar. 

A  UNIQUE  OFFER. 

0.1  uM>Ki>-a  through  the  advertising  pages 
of  a  popular  magazine  or  periodical,  it  is  no 
unubual  thing  to  find  what  appeara  to  be  a 
remarkably  generous  offer  by  some  well 
knownmanufacturerordealer.  Publishersof 
historical  and  literary  libraries,  for  inatanca. 


TRADE  NOTES. 


offer  to  send  valuable  seta  of  books,  to  be 
returned  if  not  approved,  or,  if  Batisfactory, 
to  be  paid  for  at  the  rate  of  a  paltry  sum  per 
month.  There  was  a  time,  and  not  so  long 
ago  either,  when  all  such  ofTere  were  looked 
upon  with  Buspiclon  ;  but  now,  the  very  fact 
that  the  advertisements  appear  in  journalH 
of  repute  Btampa  them  aa  bona  flde.  One  of 
the  latest  and  most  striking  offers  of  the 
kind  ia  made  bj  Meesra.  Cornish  &  Co., 
Washington,  N.  J.  Thia  firm,  whose  plant 
and  property  is  estimated  to  be  worth  over 
one  million  dollars,  and  who,  during  t^e 
fifty  years  they  have  been  in  business, 
have  had  upwards  of  250,000  patrons,  offer 
to  ship  a  piano  or  organ  anywhere,  upon  the 
distinct  nnderstanding  that,  if  it  is  not  satis- 
&ctory  to  the  purchaser  after  twelve  months' 
use,  they  will  take  it  back.  It  is  perhaps 
needless  to  say  that  the  manufacturers  have 
the  best  of  reasons  to  believe  that  their 
instruments  will  give  general  satisfaction,  or 
they  would  not  make  an  offer  of  this  kind. 
The  most  recent  improvement  and  addition 
to  the  Cornish  American  piano  is  the  instru- 
mental or  orchestral  attachment,  which 
enables  any  ordinary  player  to  accurately 
imitate  the  tones  of  the  mandolin,  harp, 
guitar,  dulcimer,  banjo,  and  zither.  Any 
one  of  these  tones  is  obtained  by  simple  foot 
pressure  on  the  pedal  controlling  it. 

AN  IMPROVED 


The  F.  C.  Auerm  Mto.  Co.,  Harvey,  III., 
tell  ns  that  they  are  making  an  improved 
pneumatic  hammer,  which  by  reason  of  the 
following  points  is  very  effective  in  its  work  : 
The  hammer  is  valveless ;  the  air  is  let 
directly  onto  the  piston ;  by  this  direct  apph- 
cation  of  the  air,  a  very  heavy  blow  can 
be  struck,  or  it  can  imuiediatdy  be  regu- 
lated to  suit  the  work  ;  no  hole  or  port  is 
smaller  than  the  main  ports.  With  this 
hammer,  from  3,000  to  4,000  clean,  free 
blows  per  minute  can  be  struck  without 
jarring  the  operator. 

A  MICROSCOPE  FOR  AMATEURS. 

It  is  probable  that,  during  their  spare 
time,  the  majority  of  the  readers  of  this 
magKzine  ride  some  hobby,  from  which  they 
obtain  both  amusement  and  instruction.  It 
ia  also  probable  that  to  some  the  study  of  the 
microscope  is  not  altogether  unknown  ;  but 
it  is  a  foct  that  the  great  cost  of  a  good 
micrOBCope  baa  hitherto  kept  many  from 
enjoying  the  inviaible  worid  about  them, 


just  as  formerly  the  coat  of  the  camera  and 
lenses,  and  the  tedious  process  of  picture 
making,  confined  photography  to  the  pro- 
fessional.   Thanks,  however,  to  the  Bauecli 
&  Iiomb  Optiral  Company,  of  Bochester, 
N.  Y.,  it  is  now  possible  for  any  one  to 
become  poBseesor  of  a  really  accurate  and 
suitable  instrument.     The  outfit  which,  for 
$16.00,  this  well  known  firm  is  prepared  to 
supply,  consists  of 
the     "Practical 
Microscope,"   with 
one    eyepiece   and 
with    divisible 
obj  e  c  ti  ve — giving 
powers  of  53  diam- 
eters (2,809  times) 
and  ISO  diameters 
(32,400    times), 
together   with  an 
entire  outfit  for  wnwiof-* 

work,  two  excellent  books  of  instruction, 
and  twelve  different  permanently  prepared 
objects  of  general  interest ;  a  magnified  pic- 
ture of  one  of  these  is  reproduced  here.  The 
BauBch  &  Lomb  Company  will  mail,  on 
request,  any  of  their  catalogues,  and  will 
be  glad  to  give  whatever  information  in 
desired. 

AN  IHPROVaD  LOCK  STENCIL. 

F.  A.  Sackman,  34  Prospect  St. ,  Cleveland, 
Ohio,  has  issued  a  new  catalogue  of  hie 
steel  stamps,  stencils,  burning  brands,  check 
punches,  key  and  ba^ge  checks.    The  illus- 


tration represents  improved  interchangeable 
"lock"  stencil?,  which  are  made  in  five 
sizes,  from  j-iiich  to  2j-inch  letters. 

A  NEW 


"Graphite"  is  the  name  of  a  new  pubU- 
cation  issued,  as  the  first  number  explains, 
in  the  interest  of  Dixon's  graphite  produc- 
tions, and  for  the  purpose  of  establishing  a 
betterunderstanding  in  regard  to  the  different 
forms  of  graphite  and  their  respective  uses. 
It  is  published  by  the  Joseph  Dixon  Crucible 
Co.,  Jersey  City,  N.  J.    We  may  add  that 
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BOOKS  AND  CATALOGUES. 


this  very  enterprising  firm  has  lately  dis- 
tributed a  pamphlet  entitled  ''Pencilings/' 
which  should  be  of  considerable  practical 
value  to  artist  and  draftsman  alike.  In 
addition  to  information  on  how  to  decide 
what  grade  of  pencil  to  buy,  there  are  some 
useful  hints  to  artists  on  the  employment  of 
colored  pencils  in  sketch-book  work,  in  which 
it  is  urged  that  where  it  is  desired  to  record 
the  colors  of,  say,  a  landscape,  it  is  better 
to  do  so  by  using  colored  pencils  in  making 
the  sketch  itself,  than  by  making  voluminous 
notes  on  an  ordinary  pencil  sketch. 


handsome  folding  plates— one  representing 
the  general  arrangement  of  the  Westinghouse 
quick -action  automatic  brake  on  an  engine, 
tender,  and  passenger  car ;  the  other,  the 
9^inch  improved  air  pump. 


BOOKS  AND  CATALOGUES. 


Pocket  Book  for  Mechanics.  By  Peter 
Lobben.  Published  by  Scandinavens  Boch, 
Chicago,  111.    Price  $2.00. 

The  copy  before  us  is  in  Norwegian,  but 
we  understand  the  translation  into  English 
is  already  in  the  printer's  hands.  There  are 
doubtless  many,  however,  to  whom  the 
original  will  be  welcome.  The  author  states 
in  his  introduction  that  the  book  is  written 
for  practical  men  who  are  not  satisfied  with 
merely  doing  a  thing,  but  wish  to  know  why 
it  is  done  as  it  is.  It  contains  a  comprehen- 
sive treatise  on  arithmetic,  tables  of  log- 
arithms, gecimetric  constructions  frequently 
met  with  in  workshops  and  drafting  rooms, 
a  treatise  on  strength  of  materials,  theoret- 
ical mechanical,  and  machine  design.  All  of 
the  most  important  tables  are  given  in  metric 
as  well  as  in  English  measurements. 


Air  Brake  Catechism.  By  Robert  H. 
Blackall,  Air-Brake  Instructor  and  Inspector 
of  the  Delaware  &  Hudson  Canal  Company 
Railroad.  Cloth,  240  pages.  Published 
by  Norman  \V.  Henley  &  Co.,  New  York. 
Price  $1.50. 

This  book  contains  a  complete  study  of  all 
parts  of  the  air-brake  equipment,  including 
the  latest  devices  and  inventions  in  use. 
The  various  parts  of  the  air-brake  system 
are  taken  in  logical  order,  and  their  purpose 
and  mode  of  working  fully  explained.  The 
peculiarities  and  ** troubles"  of  every  part 
are  dwelt  upon,  and — what  is  of  great  practi- 
cal value — a  good  way  to  locate  and  remedy 
each  trouble  is  given.  The  whole  subject  is 
presented  on  the  "question-and-answer" 
plan,  as  the  best  adapted  to  beginners.  But 
the  book  will  prove  of  great  value  to 
advanced  students  also,  as  it  treats  not  only 
the  simpler  problems  but  the  more  intricate 
ones  as  well.  There  are  a  number  of  very 
excellent    illustrations  which   include    two 


Advanced  Metal  Work.  Part  I — ^The 
Speed  Lathe.  By  Alfred  G.  Compton  and 
James  H.  DeGroodt  John  Wiley  &  Sons, 
New  York,  publishers.    Price  $1.50. 

This  little  volume  is  the  first  installment 
of  a  series  of  three  books  on  advanced  metal 
work,  following  up  a  former  publication  by 
Prof.  Compton,  entitled,  "First  Lessons  in 
Metal  Working.**  To  do  justice  to  the  book 
it  must  be  taken  for  what  it  is  meant  to  be. 
It  is  intended  for  the  use  of  technical  schools, 
manual  training  schools,  and  amateurs,  as  a 
means  of  furnishing  explicit  directions  with- 
out dispensing  with  the  watchful  eye  and 
helpful  hand  of  an  instructor.  It  contains 
in  13  ''Lessons"  about  50  exercises  to  be 
performed  on  the  speed  lathe  in  turning 
wood  and  brass,  and  in  spinning.  As  the 
author  states  in  the  preface,  the  course  pur- 
sued in  the  book  is  the  same  as  followed  for 
years  in  the  workshop  of  the  College  of  the 
City  of  New  York.  The  book  contains  all 
that  the  title  and  preface  indicate,  and  will 
fulfil  its  purpose  well.  It  is  to  be  regretted, 
however,  that  the  illustrations  are  below  even 
the  average  in  e;cecution. 

Steam,  Gas,  and  Oil  Engines  is  the  title 
of  a  book  of  considerable  interest  to  engi- 
neers, which  will  be  published  this  spring 
by  the  Macmillan  Company.  The  author, 
Professor  John  Perry,  has  prepared  this  book 
in  a  very  exhaustive  way,  so  that  not  only 
will  it  be  of  use  to  those  with  technical 
knowledge  and  skill,  but  it  will  also  be  of 
value  in  helping  manufacturers  and  owners 
of  office  buildings,  in  their  selection  of  the 
most  suitable  and  serviceable  plant 

The  Syracuse  Supply  Co.,  Ltd.,  Syracuse, 
N.  Y.,  have  handed  us  a  copy  of  their  latest 
catalogue,  a  handsome,  cloth-bound,  450- 
page,  8^^  X  0^^  book,  in  which  are  illustrated 
and  described  machinery,  tools,  and  supplies 
for  machinists,  engineers,  blacksmiths,  model 
makers,  foundries,  molders,  inventors,  ama- 
teurs, and  all  users  of  power.  The  contents, 
which  are  carefully  classified  and  arranged 
for  the  convenience  of  the  intending  pur- 
chaser, include  much  information  concerning 
the  use  of  the  various  tools  and  devices 
catalogued,  which  gives  the  book  an  intrinsic 
value  to  every  manufacturer  or  mechanic. 


Nan. — Addna  ail  Utten  amiainiim  qaatitmt  to  be 
imiamd  in  IM>  itepartmaU  to  The  Uecuuhc  Aktb 


5,    No  quationM  wUl  he  ajuaered  btf  mail, 

t.  Dravtngaor  ticetchet  aaompani/inff  ijue$tion»  should 
be  madt  on  a  geparate  theet  qf  poper,  and  aftimld  be 
drawn  oj  dearly  as  poafbU. 

5.  The  namet  and  addrettei  o/  tl\e'  iirrllen  mi«< 
aeeotnpan-jr  the  lettera.  or  no  cdfenHontniUb^paidtoHieinr 
Unien  othentrtK requested,  tee  iffUi  publigJi  only  tlieiniti^lt 
amd  address  qfltie  writer. 

».  Rtferenee  to  inguiritt  previoutiii  amaereii  »*ouH 
five  date  o/istae  and  number  <(/■  juafion. 

7.  jiny  boot  not  out  of  print  and  for  sale  by  reguiar 
dtaiert  majfbe  ordered  tArouffh  the  Masaxine, 

(S5)  I>  ibe  *n>wer  to  qumlon  No.  639  la  Home 
9TUDV  Maoazine,  J«jiuttr7,  189B,  conectr  Von  «y 
tlut  In  walking  around  the  oOBt  Ibe  man  valki 
aroQDd  everything  that  1b  on  tbe  poet.  From  thiB  1 
might  BTgae  that  a  point  In  the  lim  of  a  cairiaKe 
wheel  travels  aronnd  the  hub  of  the  wheel;  for  ihe 
point  tnrelB  around  tbeaile.  and  Ihehnb  la  on  the 
axle;  tberefore.  the  rim  traieln  around  the  hub. 

M.  L,  S.,  Guadalajara,  Meilco. 

Am.— The  antwer  aa  giTen  in  Ihe  January  Qumber 

any  reaaonable  ei'cuae  for  Uking  It  ai  gnoh.  It  le 
not  tme  that  a  man  who  walks  aronnda  pillar  walks 
at  the  aame  time  aronnd  the  building  which  the 
pUlar  happens  to  support.    The  rim  of  the  wheel  yon 

than  yon  walk  around  yonr  nose  every  time  you 
happen  to  tnm  aiound  on  your  feet.  You  are  quite 
lonlfled.  hov 


D  you  gain 


sthing 


y  the  argumi 


It  alt. 


ialt« 


[g  there  such  a  thing  i 

static  machines  produce  s 
-  -juy  barium  p]r—- 
,    }  Cnuldonewl 

a  Bnorescem  screen? 


I.,  Des  Moines.  Iowa. 
Am— (a)  Vea;  many  people  have  been  more  or 
leas  seriotwiy  injured  by  being  improperly  ei posed  to 
the  InBuence  of  X-rays.  The  injury  takes  the  form  of 
a  bum  wblcb  la  very  slow  In  healing.  Its  physlo- 
loglcal  came  Is  not  thoroughly  understood,  (b) 
X-iaji  rrom  static  machines  are  not  considered  to  be 
as  likely  to  bom  as  lho«e  from  an  Induction  coll, 
bat  tbla  la  probably  due  to  the  fact  that  the  rays  are 


not  usually  so  powerful. 

from  The  Eeory  Hell  C] 
(d)  It  would  depend  u 
proper  directions  no  grea 
be  experienced. 


mplatina  cyanide 

a.,  St.  Louis.  Mo. 
person,  but  with 
of  [rouble  shnald 


irrect.  The  numbers  should  be,  for  the  first  condl- 
ou,  128;  for  the  second  condition,  190.  Similarly, 
>e  published  answer  loqueatlon  No,  127.  in  the  May, 

DO  No.  I7B.  in  the  Mav.  ij»9a,  number,  you  credit 
rect  solution  of  a  prob- 
iwered  In  Home  Study 

is  2.151  halls,  A.  M.  S..  Utica,  N.  Y. 

Anh.— You  are  right,  and  we  thank  you  for  your 
solutlaoa.  There  Is  no  danger  of  similar  mlalakea 
ever  again  creeping  Into  the  pagea  of  this  magazine, 
for  the  simple  reason  that  It  Is  not  our  Intention 
lo  again  answer  similar  questions.  They  are  catchy, 
and  In  every  way  unprofitable,  and  the  answers  are 
not  worth  the  space  they  occupy.  We  apeak  thus 
stronglybecauee  we  wish  our  readers  to  avoid  send- 
ing in  questions  that  are  neither  Interesting  nor 
posaesaed  of  practical  value. 


.<»*l  . 


wlab  t 


alcohol,  li_ 
you  help  m 

Ans.— For  the  dlstiUatlau  of  alcohol  on  i 
scale  the  apparatus  shown  In  the  accomp 
figure  may  be  used.  The  alcohol  la  boiled  In 
A,  having  a  aide  tube  B,  wblcb  is  conaecled  K 
denaer  CD,  through  which  « ' " 


correct  anawer  lo  It  dependa  upon  your  Individual 
opinion  of  what  "walking  around  a  thing"  really 
meana.  If  you  conaider  It  neceaaary  U>  see  all  tida 
of  Ihe  ob)ect,  then  it  would  be  Impoailble  lor  you 
to  walk  aronnd  anything  with  your  back  turned 
s  it.  or  for  a  blind  man  to  walk  around  It 


f>  to  C  Tbla  cools  the  alcohol  vapors  so  that  they 
are  condenaed  to  a  liquid,  which  is  received  in  a 
suitable  vessel  6'.  The  fiask  A  should  be  titled  with 
a  thermomeier  J^  reaching  a  short  distance  below  Ihe 
side  tube  B,  in  the  neckof  thefiask.  As  alcohol  bolls 
at  about  7^  C,  the  temperature  Indicated  by  the  ther- 

tlllatlon.  The  distillation  of  alcohol  on  a  large  scale 
is  discussed  quite  tbornughly  in  Sadtler's  "  Industrial 
Organic  Chemistry,"  which  may  be  obtained  lYom 
The  Technical  Supply  Co..  Scranton,  Pa, 


AySWERS  TO  INQUIRIES. 


(S»i    By   what  proem  ie  Iha  atcel  balli  made 
Ibatareto  much  Dsed  now  for  ball  bearlnnT 

J,  E.,  Qufncy,  111. 

Axe,— There  are  two  melboda  of  prodnclag  neel 
balli.  Id  one,  the  tnlli  are  tamed  by  m«i»  of 
forming  tool*,  in  automatlo  machines  to  nearly  the 
Balthed  die.  In  the  other,  they  are  rolled  from 
a  cyltndrlcel  piece  of  iteel  between  tiro  fiat  platea 
provided  wtlh  v  grooves.  In  both  methods,  the  balls 
are  hardened  and  then  ground  to  the  finished  slie 
betweeo  flat  plate*.  They  are  now  ready  for  final 
Inspection.  Tbli  consists  of  ineasuiemeot  vlth  a 
'  an  ocular  Inspection  for  flat  spots. 


trate  the  nei^essary  apparatus;  something  simple, 
A.  M.  D.,  Clncinnall,  Ohio. 
Am.— Brass  cannot  be  melted  at  all  with  an  ordi- 
nary ga«  flame.  The  ordinary  Bunwii  flame  that 
bums  common  clly  gas  mixed  with  air  will  not  melt 
bean.    If  you  must  melt  the  brass  with  gas.  It  will  be 

blowpipe  or  tbrced- 
blast  arrangement. 
so  that  a  hot  enough 
flame  may  be 
secured.    We  would 


pauylng  sketch. 
Build  In  a  few  iron 
bars  at  a  to  form  a 

Iron  hood  b  lo  rest 


Build  this  apparatus  down  In  your  cellar,  and  con- 
nect the  hood  lo  the  best  chimney  flue  In  the 
house:  CBrefQlly  close  up  all  openings  Into  this  flue. 
Kindle  a  flre.  and  use  best  quality  bllumlnoiis  coal 
for  fuel.  Sink  a  crucible  Into  the  heart  of  Ihe  Are; 
put  In  the  brass  or  the  Ingredients;  lay  a  cover  over 
the  crucible;  shut  the  door  r;  and  "let  her  blow." 
With  this  arrangement  you  will  easily  get  enough 
heat  to  melt  brass  on  a  email  scale,  and  the  cost  of 
the  furnace  will  be  trlfilng. 


W<:"i>M  a  wIlBfaetory  arch. 

connect  a  hone  to  a  load—help  the 
way'  <1.  M..  Sanfr 

Ans.— (a)  It  produce*  the  same  kind  of  Joint  as 
when  iwo  lengths  of  lead  pipe  are  connected  by 
wiping  lead  around  the  endn.  With  the  iron  there 
may  be  a  certain  amount  of  surface  faring,  If  the 
metal  lahot  enough,  but  such  a  conneclloD  would  not 
stand  any  severe  vibrations,  fhocka,  or  rough  usage. 
Electrical  iceldlng  has  been  used  for  the  purpose, 
and  makes  a  much  neater  Job,  Is  more  expeditious. 
"    ■  ■Jable.     (6)  We  think  11  could,    (c) 


Tbedi 


when  a  driver  of  a  team  of  heavy  honea  wlthee  (o 
■tart  a  very  heavy  load,  he  let*  tbe  hones  plunge  at 
their  work;  this  Is  hard  on  the  boraea.  but  It  starts 
tbeload  whereasleady  pull  woQldrall.  Springcon- 
nectlon  between  horse  and  wagon  makes  the  plun- 
ging start  slightly  len  efftetlve,  but  Is  easier  on  the 
horw*.  and  also  on  the  traces  and  wagon. 

142)    (a)    In  Home  Btl'DV  Uxqizine.  June.  1898, 
o  Inquires.  No.  228,  you  give  it  as  a  good 

Krt  of  a  gas  engine  should  be  12 
list-port  end  10  per  cent  of  the 

, heee  proportions  be  right  for  •>■ 

engine  that  is  lo  make  aM  revolutions  per  mln 

'■<)  Will  a  I-lnch  standard  pi—  ■-  ' * 

n  Inlet-port  Dsy-type  en^i 


ins  per  minute.  In  which  the  gas  and  air  mixed 
•lA  admitted  under  about  10  pounds prewureT  The 
slie  of  the  engine  cylinder  is  3  In,  x  S  In.    (c)  What 


when  he 


on  start.    You  i 


goes  at  his  load  with  a  Jerk. 
yourself  have  noticed  that 


I  shall  1  need  In  the  above  engine? 
8,  Q.  M.,  Denver.  Col. 
a™,— |a)  Yes.    {»)  No ;  use  a  l-lnch  pipe,    (c)  IJ 
square  Inches. 

i43)  (a)  I  am  constructing  a  kitchen  catdnet.  and 
ih  to  flikish  it  with  an  oil  cherry  stain  and  then  lA 
varalsh  It.  What  materials  must  I  use.  how  must 
they  be  prepared,  and  how  applied  lo  obtain  the  best 
results?  Haw  should  the  surface  of  the  wood  be 
treated  t«fore  Iheappllcstlon  of  thestaInT  (b)  Give 
me  the  name  of  a  good  book  on  the  above  kind  of 
work.  a,  W.  B,.  Navarro,  Cal. 

AH8.— (a)  For  close-grained  wood,  where  It  Is 
Intended  to  finish  the  material  In  Its  natural  color.  It 
Is  well  to  give  the  work  a  coat  of  transparent  liquid 
filler ;  then  rub  down  with  flne  sandpaper,  and 
apply  S  coats  of  a  good  body  varnish.  Each  coat 
should  be  rubbed  down  with  haircloth  or  curled 
hair.  In  preference  to  sandpaper,  so  that  the  surface 
will  not  be  scratched,  where  a  lustrous  flnlsh  is 
required.  It  Is  only  ncceosary  to  smoothly  flow  on  the 
vamieb.  At  leaat  two  days  should  elapse  between 
each  coat  of  varnish,  when  open-grained  material 
Is  used.  It  Is  well  to  apply  a  paste  filler  put  on  with 
a  brush,  allowing  It  to  remain  until  It  become* 
"tacky."  like  dough,  then  rnb  off  clean  with 
excelsior  or  burlap,  taking  care  to  clean  out  all  the 
comers.  The  surface  should  be  allowed  to  harden 
for  M  hours  before  laying  on  the  vamlsh.  The 
varnish  should  be  applied  as  before,  rubbing  the 
first  coat  with  sandpaper,  and  subsequent  ones  with 
haircloth.  If  •  dead,  or  dull,  flnlsh  Is  desired,  the 
last  coal  should  be  rubbed  down  with  water  and 
pumice  stone,  or  oil  and  pumice  stone.  The  former 
Is  preferable  where  flral-clas*  work  Is  required,  a*  a 
finer  and  softer  flnlsh  Is  secured.  It  Is  found  that 
equal  pans  of  rotten  stone  and  pumice  stone  will 
give  better  results  than  arc  obtained  by  using  pumice 
stone  alouc.  For  cabinet  work,  a  second  rubbing 
should  be  done  with  rotten  stone  and  water  alone. 
In  staining  delicate  woods,  such  as  mahogany,  prima 
vera,  satlnwond,  maple,  etc.,  water  stain  should  he 
used.  BO  that  a  clean,  bright  transparency  will  be 
secured,  as  oil  stains  are  apt  to  present  a  cloudy  or 
smoky  appearance.  In  close-grained  wood,  the  stain, 
whether  In  oil  or  water.  Is  applied  directly  to  the 
bare  wood.  F'lr  an  oS  ilain  the  work  should  aland 
for  24  hours  before  being  rubbed  down,  when  Ibe 
work  should  receive  a  coat  of  good  shellac,  which 
should  be  allowed  an  hour  or  two  to  harden,  then 
rubbed  with  flne  aendpaper,  and  treated  as  before 
mentioned.  Where  It  Is  desired  to  stain  open-grained 
wood.  It  Is  better  to  color  the  paste  filler,  to  eectire 
the  desired  tint.  In  preference  to  any  application  of 

should  sUnd  until  the  surface  Is  thoroughly  dry, 
after  which  a  coat  of  transpaient  filler  should  be 
applied,  and  the  subsequent  coats  laid  on  as  already 


ANSWERS  TO  INQUIRIES. 


.  will  ch&raclerlze 


■Uted.  Tbe  entire  work  iliould  be  carefully  Bcru- 
tlnlied,  and  ill  comen.  beadB,  and  grooiea  cleaned 
oot,  eo  Ihftl  sh»rp,  well  defined  ■  ■ 
tbe  work,  u  »ny  p«rticle«  of  pi 
■tone,  if  allowed  to  lemaJu,  by  becomlDg  white  will 
nuke  the  work  look  speck;  and  pin-marked,  (b)  "The 
Palnler'B  EDoyolop»dia,"  427  pages.  168  iilnmraliona, 
12.00 ;  ■■  ETCrybody'B  Paint  Book,"  183  page^  38  lUua- 
ti«tion».  81.00;  eftheron  behad  from  TheTecbnlcal 
Sopply  Co,,  Scraaton,  Pa, 


OaiitB  made  by  chemieta 
Oui'you  8f»e  me  thia'infon 


.nd  also  for  Are  ai 
lell  n 


ued  for  tapping  pipe  fltdnga  or  thin 
le  latter  oue  turning  the  tap  backward 
z  tbe  flnlahed  thread. 


of  dnmbbelli  K 


L.  A.  O.  G„  Brookwootl, 
Ans.— The  phargea  for  analyses  vary  aoroewhat,  In 
dlOereDt  parts  of  the  conntry,  with  the  reputation  of 
tbe  chemist,  and  also  with  the  number  of  analyses 
made.  Prices  may  be  obtained  by  writing  to  any  of 
the  prominent  analytical  chemists,  among  whom  we 
may  mentloQ  :  Ricketts  &  Banks,  New  York,  N.  V.; 
Booth,  Qarrett  &  Blair,  Philadelphia.  Fa.;  Tbe  Pilts- 
bot; Testing  Laboratory,  Fittsbnrg,  Pa.:  Dickman  & 
Hackenzic.  Chicago.  111.:  Tbe  Boston  Testing  Latiora- 
totiea,  Boston.  Mass. 


e  of  the  designs  in 


(H)    What  Is  a  collapsing  tap,  e 
nie.lrthereareany.   J.  F.  S..  New  ProvidenceTni. 

ANS. — A  collapsing  lap  is  a  tap  so  formed  tbat  Its 
leetb  cloee  Inward  when  tbe  thread  is  cut,  so  that 
tbe  cap  can  be  wllbdrawn  without  winding  it  back- 
wards. The  flgures  show  the  arrangement  of  a 
4mple  tap  of  this  kind:  there  are  others  of  a  more 
complicated  deslgu  in  tbe  market,  however.  The 
operation  is  as  rollows:  The  shank  A  rotates  with 
the  spindle  of  tbe  lathe  or  screw  machine,  taking 


(47)  There  are  two  q 
regarding  the  design  o 
Uech«nic  Ari«  Maoazi 
actera  reprewnled,  and 


vouldliketoaak 
.1   cover  of  The 

le  signiflcanae  of 

ANH.— The  design  represent*  the  goddemor  learn- 
ingshowlng  the  booli  of  knowleilge  to  an  ignorant 
mechanic,  by  the  light  of  the  lamp  of  knowledge. 


If  you   examine 
symbol  care[\illy,  you  will  dlecovet  in  it  every  I 


R.  W.  6!,  Montreal,  Hae. 
AMs,— Perhaps  the  best  and,  in  the  long  run,  the 
cheapest  thing  to  do  would  be  to  add  (o  the  height  of 
your  stack ;  or.  If  lis  sectional  area  la  too  nnall.  put 

either  in  tbe  slack  or  in  the  ash-pit ;  but  that  would 

would  be  expensive.  A  tan  blower  would  be 
more  economical.  The  Sturlevant  Company,  Boston. 
Mass..  make  a  special  feature  of  this  kind  of  work. 
Write  them,  and  they  will  advise  you  for  the  best. 


kindly  tell  mehowlodril 


a  bole 


(he  body  of  the  tap  B  along  by  means  of  tbe  pin 
a  Ttas  body  fi  curies  (be  chasers  Zf.  which  are  fVee 
to  slide  siially  in  the  tapering  dovetail  grooves  B. 
Ttaew  dovetail  grooves  are  clearly  shown  In  the 
view  10,  which  Is  a  section  taken  on  the  line  ab. 
Tbe  cbuen  have  Ings  d  fitting  Into  a  circular  groove 
of  the  ihank  .^,  shown  at  if  In  the  view  (c).  Bylnm- 
ing  t^n  c  to  follow  slots  F  and  r.  the  body  B  la 


d.  thus  drawing  the  cl 


t  together.    Collapa-      eter  of  the  hole,  and 


,  Cleveland.  Ohio, 
what  smaller  than 
the  dlflcaeter  of  the  hole  desired,  and  aboot  4  inches 
long:  drill  or  flie  a  hole  In  the  side  of  tbis  lube  about 
1)  Inches  from  one  end;  hold  the  tube  in  your  drill 
press  so  that  the  hole  Just  made  Is  out  of  tbe  chuck 
about  t  inch.  Lay  a  piece  of  felt,  or  other  soft  sub- 
stance, upon  the  drill  table,  and  your  glass  upon 
that.  To  thus  back  the  glass,  you  may.  If  you  prefer, 
piece  of  EOft  wood  about  three  times  the  diom- 
" your  glass  upon  that;  do 


84 
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Dot,  however,  use  too  large  a  piece  of  wood,  or  its 
unevenness,  or  that  of  the  glass,  may  eaose  the  latter 
to  crack.  By  means  of  your  drill  spindle,  bring  the 
tube  down  upon  the  glass  lightly,  and  hold  it  there ; 
then  fill  the  tube  with  fine  emery  and  water  through 
the  hole  near  the  chuck,  and  start  your  drill  at  a 
rather  high  speed ;  feed  very  gently,  or  you  will 
break  the  glass.  The  emery  in  the  tube  should  be 
kept  very  wet  all  the  time.  The  hole  in  the  glass, 
thus  drilled,  will  be  somewhat  larger  than  the  out- 
side diameter  of  the  drilling  tube,  because  some 
emery  will  work  through  to  the  outside  of  the  cut- 
ting end  of  the  tube ;  if  the  tube  does  not  run  true, 
the  hole  drilled  will  be  larger  still. 

»  * 

(50)  The  Brown  &  Sharpe  Mfg.  Co.  make  milling 
cutters  of  various  forms  which  can  be  sharpened,  by 
grinding  the  tooth  faces,  without  changing  the  form 
of  the  cutting  edge.  How  are  the  teeth  "  backed  off" 
so  that  the  shape  of  the  cutting  edsres  is  preserved? 
Fs  it  done  by  special  machinery,  ana  how  could  it  be 
done  economically  in  an  ordinary  machine  shop? 

J.  H.  McC,  New  Haven,  Conn. 

Ans.— The  accompanying  illustration  will  enable 
you  to  understand  the  principle  upon  which  these 
cutters  are  made.  Each  tooth  is  backed  off  on  a  curve 
that  is  an  arc  of  a  circle  whose  center  is  at  a  certain 


distance  from  the  center  of  the  cutter  itself:  for 
example,  c  is  the  center  of  the  back-off  curve  of 
tooth  a.  The  bacldng-off  machines  used  by  the  Brown 
&  Sharpe  Mfg.  Co.  were  made  especially  for  the  pur- 
pose, and  this  form  of  cutter  itself  was  patented  by 
them.  After  the  teeth  have  been  formed,  with  the 
exception  of  the  backing  off,  the  cutter  is  operated 
on  in  this  special  tool,  in  which  it  is  rotated  slowly, 
while  for  every  tooth  the  cutter  is  feed  in,  thus  pro- 
ducing the  curved  surface  as  at  8 1  At  the  moment 
that  the  back  end  I  passes  the  tool,  the  latter  is 
caused  to  fly  out  to  its  original  position,  and  the  back- 
ing off  of  the  next  tooth  commences.  To  sharpen, 
each  tooth  Is  ground  on  the  face  mn  and  is  good 
until  too  weak  for  its  work.  We  hardly  think  it 
would  pay  you  to  attempt  to  do  this  work  with 
ordinary  machine-shop  facilities;  better  write   to 

the  manufacturers. 

» 
*  * 

(51)  What,  in  your  opinion,  are  the  best  books 
on  strength  of  materials,  applied  mechanics,  and 
machine  design,  for  one  who  has  completed  these  sub- 
jects in  The  International  Correspondence  Schools, 
and  wishes  to  continue  his  studies? 

R.  A.  O.,  Boston,  Mass. 

Ans.— The  following  list  of  books  is  suggested  as 
most  nearly  meeting  your  requirements :  "  The 
Strength  of  Materials,"  by  Merriman,  $1.(X)— quite 
elementary,  and  not  mathematical.  "  Mechanics  of 
Materials,"  by  Merriman,  $4.00— a  complete  and 
mathematical  treatise.  "The  Mechanics  of  Machin- 
ery," by  A.  B.  W.  Kennedy,  $3.60— this  book  is 
particularly  recommended.  "  Advanced  Textbook 
on  Applied  Mechanics,"  Jam ieson,  $2.50.  "Elemen- 
tary   Mechanism,"    by    Stahl    and    Woods,   $2.00. 


"Elements  of  Machine  Design,"  W.  C.  Unwin,  Vol.  I. 
$2.00 ;  Vol.  II,  $1.50.  "  A  Manual  of  Machine  Draw- 
ing and  Design,"  Low  and  Bevis,  $2.50.  These  books 
may  be  obtained  fh>m  The  Technical  Supply  Co.. 
Scranton,  Pa. 

«    -N- 

(52)  I  have  today  sent  you  a  sample  of  sediment 
taken  ftt)m  a  10-horsepower  upright  steam  boiler. 
Catl  you  tell  me  what  the  sediment  is  ?  In  order  that 
you  may  be  able  to  give  me  advice  as  to  how  to  pre- 
vent its  formation,  I  will  give  you  the  facts  as  I  know 
them  :  The  boiler  furnishes  steam  to  a  3-horsepower 
engine ;  it  is  fed  from  a  supply  tank  into  whicn  the 
water  is  pumped  fh>m  the  nver ;  all  pipes  are  iron : 
the  feed-barrel  is  perfectlv  clean,  and  so  is  the  tank : 
the  soil  through  which  the  river  flows  is  of  volcanic 
origin  and  contains  much  pumice  stone ;  I  enclose  a 
sample  of  the  rock  of  which  the  surrounding  moun- 
tains are  composed.  The  sediment  is  all  over  the 
inside  of  the  boiler,  and  feels  like  sharp  sand ;  it  dis- 
solves in  water  when  rubbed  between  the  fingers.  1 
may  add  that  I  do  not  see  any  posdble  way  in  which 
oil  could  get  into  the  boiler. 

M.  A.  C,  Sitka,  Alaska. 
Ans.— The  "sediment"  you  enclose  is  oxide  of 
iron— in  other  words,  rust  gathered  off  the  plates. 
The  very  small  particles  may  have  appeared  to  you 
to  dissolve  when  treated  as  you  say ;  in  reality,  how- 
ever, they  were  merely  worked  off  into  the  body  of 
the  surrounding  water,  and,  the  particles  being  fine 
and  widely  disseminated,  this  misled  you.  So  long 
as  any  sediment  (when  it  is  such)  merely  settles  on 
the  plates  and  in  no  way  cakfg  there,  there  is  not 
much  cause  for  alarm,  for  such  material  can  easily  be 
washed  out  of  the  boiler.  The  danger  arises  when  a 
thick  hard  scale  forms  on  the  plates.  Of  course,  there 
may  be  a  trace  of  acid  in  the  water  you  use,  which 
may  have  attacked  the  plates  a  little ;  you  can  keep 
an  eye  on  the  latter,  and  note  any  early  symptoms  of 
corrosion.  If  you  have  reason  to  think  there  is  any 
acid  present,  caustic  soda  or  slaked  lime  will  neu- 
tralize it.  You  do  not  say  whether  you  use  your 
exhaust  steam  at  all  to  heat  your  feed.  If  you  do  use 
it,  the  oil  that  goes  over  with  the  exhaust  may,  if 
animal  or  v^etable,  form  acids  in  the  boiler. 

« 

•N-  « 

(53)  In  a  recent  issue  of  Home  Study  fob  Machin- 
ists, Steam  Engineers,  Etc.,  I  see  it  stated  that  the 
air  chamber  of  a  force  pump  should  have  a  capacity 
three  times  that  of  the  piston  displacement;  also, 
that  the  neck  of  the  air  cnamber  should  be  smaller 
than  the  other  part.  Will  you  kindly  tell  me  why  the 
neck  should  be  smaller?  I  know  that  air  chambers  on 
ordinary  pumps  in  domestic  use  are  not  nearly  three 
times  the  capacity  of  the  cylinder.  I  would  like  to 
have  this  matter  ftirther  explained.  Again,  why 
should  the  air  chamber  be  nearest  the  spout,  or 
delivery  opening?  I  am  interested  in  the  construc- 
tion of  hand  force  pumps,  and  these  things  puzzle 
me.    C!an  you  recommend  any  book  on  the  suqiect? 

H.  W.,  Stratford,  Pa. 
Ans.— The  capacity  of  the  air  chamber  to  which 
you  refer  is  suitable  for  power  pumps  working  with 
moderate  piston  speeds  and  against  moderate  pres- 
sures. Hand  pumps  for  domestic  purposes  may  be 
used  with  smaller  sir  chambers,  or  even  with  none ; 
a  suitable  air  chamt>er,  however,  makes  the  pump 
work  more  easily  and  steadily ;  it  also  reduces  the 
wear  on  the  packing  and  valves  and  the  danger  of 
bursting  the  pipes.  With  a  smaller  neck,  the  air 
chamber  is  more  efficient  in  equalizing  the  fiow  of 
the  water  and  regulating  the  action  of  the  pump ; 
there  is,  however,  a  limit,  below  which  the  size  of 
the  neck  should  not  go ;  an  air  chamber  with  a  neck 
having  the  same  internal  diameter  as  the  discharge 
pi  pe  will  give  good  results.  We  did  not  mean  to  infer 
that  the  air  chamber  should  be  at  the  delivery  end  of 
the  discharge  pipe,  but  that  it  should  be  placed  on 
the  pump  near  the  p«int  at  which  the  discharge  pipe 
is  attached.    In  the  case  of  a  hand  pump  forcing 
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•naxet  from  >  well  lulo  ■  buckel  tC  the  surftiee.  there 
woQld  be  no  lue  in  iittiLclilng  iin  air  chftmber  lo  the 
•pout :  If.  however,  &  boK  or  « long  pipe  were  M taehed 
to  the  Apout  for  the  purpose  of  forcing  water  to  a 
comlderable  dlatanc^e  from  the  pump,  an  air  chamber 
OQ  the  apoQl  would  be  very  beneficial.  We  do  not 
know  of  any  book  on  thCBUbJeclol  (mail  hand-power 
pumpa.  ■■  Fumpfng  Machinery,"  by  William  M.  Barr, 
■  very  complete  treatise  on  the  subject  of  power 
pumpe  of  all  kinds,  may  be  obtained  from  The  Tech- 
nical Supply  Co..  Scranton.  Pa.;  price,  poecage  pre- 
paid, SS.OO. 


|M>  (a)  la  gu  engines  what  style  of  igniter  gives 
the  beat  results?  Can  you  give  me  deHcrlptlom  of 
thevarlouB  kinds  in  use?  (fc)  Where  can  I  get  Infor- 
mation regarding  gasoline  motocycles  suitable  for 
carrying  two  persons?         R.  F,  ti,.  St.  Paul.  Minn. 

AUB.— Both  hot-tube  and  eleelrlc  loiters  give  good 
reaulta.  The  trend  of  modem  practice  seems  to  he 
In  favor  of  the  electric  Igniter,  especially  for  gasoline 
engines.  Sac  Home  Stpdv  Magazine.  March,  isse. 
article  entitled -'TheGas  Engine."  lb)  Write  to  tbe 
-  Horseless  Age."  216  William  SI,,  New  Vorli.  N.  Y. 


16^1  {a)  Why  are  cami  used  IQ  place  of  eucentrlo 
lo  run  the  valve  gear  on  steambostar  (bj  What  Is 
the  principle  of  the  balanced  valve,  and  how  Is 
the  valve  conatnicted?  ie)  what  la  a  spring  relief 
nlvef  J.  H.  S..  Reverie.  Tenn. 

Am. — (a)  Cama  are  used  because  they  give  quick 
opening  and  cloalng  of  the  atei 


{b)  A 


Tucted  li 


the< 


sure  will  not  fore 
seat  la  aald  lo  be  balanced.    Ther 
stmctlons.      Perhaps  the  moat  common  conai 
of  a  balanced  slide  valve,  aa  used  In  marine 
that  shown  In  the  figure.     The  back  of  the 
Is  planed  :  bearing  against  this  la  a  clrculoi 
cloaely  Otted  Into  an 
BO  n  alar  groove  In  the 
aieam-cbcst    cover 
C:  this  ring  is  made 
to  bear   aleam-tlghl 
against  the  back  of 
the  valve  by  Hat 
springs,    which   can 

operation,  the  steam 
ails  the  steam  cheat 
i>  J>aDd  presaeaonly 
against  that  part  of 


latter  Is   e  iposed 

sure;  the  ipace above 
the  piston  communl- 

denaer.  The  balance 
cylinder  Issopropor- 

npwards  Is  equal  to  the  weight  of  the  valve.  I 
A  spring  relief  valve  Is  similar  In  conatructia 
to  a  spring-loaded  safely  valve;  it  is  titled  to 
cylinder  lo  afford  relief  in  case  water  gets  into  tl 
latter. 


(56)    Please  give  a  deacrlptton  of  the  oonatmctlon 
of  aleanuhlp  screw  propellers. 

1).  E.  H.,  Wilmington.  Del. 

Anb.— There  are  aeveral  methoda  of  building  up 
the  pattern  of  a  screw  propeller,  one  of  which  la 
shown  In  the  figure.  For  a  two-bladed  propeller, 
out  a  number  of  pine  boards  similar  to  that  shown  at 
o,  with  a  hole  a  In  the  center  of  each.  Then  make  a 
mandrel  which  fits  to  the  hole,  and  fasten  It  firmly  lo 
the  bench.  Slip  the  pieces  over  the  mandrel,  and 
spread  after  the  fkahlon  of  a  hn,  as  shown  In  the 
ajpire.  The  pattern  may  now  be  cut  to  Its  proper 
shape  by  following  the  edge*  of  the  piece*  a,b.e.d.  t. 
shapes  of  these  pieces  miuit  be 


determined  beforehand  by  the  designer  of  the  screw. 
Another  method  Is  lo  build  the  pieces  up  roughly, 
taking  core  that  they  thall  be  large  enough  for  the 
finished  blade.  In  this  method  the  hub  is  made 
separately,  only  one  pattern  being  Dontlmeted  for 
all  the  bladea.  An  arm  Is  mode  to  awing  around 
Che  mandrel,  the  opposite  end  following  a  curved 
form,  so  that,  in  moving  Mp  or  down  the  mandrel, 
the  arm  must  pan  along  a  aurface  Jual  like  the  face 
of  the  finished  screw.  The  pattern  la  theu  cat  down 
until  all  points  on  its  surface  are  at  the  same  dla- 
tancefromthearm.  A  third  method,  audone  much 
used  for  lorie  screws.  Is  lo  "avreep  them  up"  In  the 
foundry  with  an  artn,  arranged  as  described,  for  the 


have  tried  pistlnum  si 

your  opinion,  la  the  best  material  to  use  for  ignfter 
._ „. J  .. ...... J  ... ....  • iporlloned? 

son-Lalarde  large 


slsedcc 


a  ten-Inch  spark  or 


I.,  in. 


Ans.— It  Is  a  difilcuU  matter  to  point  out  a  remedy 
without  knowing  more  of  your  Igniter.  There  are 
several  ways  In  which  this  trouble  may  be  overcome, 
but  each  one  Is  applicable  to  a  particular  form  of 
Igniter  and  may  prove  useless  for  another.  Consult 
an  expert  on  the  spot. 

le  ifi-eandlepo 
Bd  In  Hoi 
.      .  .    lay.  1S98.  Answers  to  Inquiries, 

What  should  be  the  dimenaions  of  the  fi 


Also, 


3ou1d  b( 


iedlm< 


wire  si 


I  of  the s 


.  _  r  many  segments  should  there  be  it 

cure  require,  and  what  should  be  the  diameter  of  the 
armature  shaft  7  J.  A.  N.,  Galeaburg,  111. 

ANS.— Wepresume  you  refer  to  Answers  lo  Inquiries, 
No.  1S9,  where  a  chord  winding  is  Illustrated.  You 
can  make  a  bipolar  dynamo  of  2(  horsepower  of 
about  the  following  dlmenslona;  armature  core.  S 
Inches  in  diameter,  4  incheB  long;  21  slots.  28  turns 

core,  3i  Inches  In  diameter ;  Held  apoola  wound  with 
No.  22  wire !  shaft  In  bearinga,  11  Inches  in  diameter ; 
speed,  1,000  to  l,20l)revolutlona  per  minute.  This  will 
give  about  lis  volts,  but  a  gt»d  deal  will  depend 
upon  Ihe  quality  of  iron  which  you  use.  Make  the 
air  gap  about  t  inch  each  side. 


ANSWERS  TO  INQUIRIES. 


(GS)  U  tbe  principle  oreticlodng  the  cnnk  chBDi' 
ber  of  ft  KU  enslne  knd  mtnglt  ua  pen  of  thetwo- 
Gjrole  method  or  connraction  palentedT  If  n.  what 
la  Ibe  numlMr  and  date  of  tbe  patent  T 

E.  R.  P.,  MoQtpeller,  VI. 

Ahb.— We  do  Dot  think  there  !■  ■  United  Sutea 
patent  on  thli  fekture  of  the  gat  engine.  If  rou 
wlih  toflndautpoaitively.emploj'a  patent  attomey. 

(SO)  What  li  the  beM  book  tou  know  of  on  iheet- 
meial-work  layODtaT  E.  Q.,  Chicago,  III. 

Ana.— "The  New  Uetal  Worken'  Pattern  Book." 
by  Geo.  W.  Kiltredge ;  price  l&.DO ;  for  lale  bj  The 
Technical  Bupply  Co.,  Scianlon,  Fa. 


■tuddiug  on  the  alU  of  a  balfooD  n-ame. 


Fig.  2  ia  )iist  u  good'r'klndlr'gt 
•tatlns  which  corwtruclion  la  ■>>< 
durable,  and  explain  ith]-. 


of  the  joigta.  which  is . 
would  ceuu  the  wall  stuaa  to 
remained  In  poaition  by  being 
diagonal  sheathing,  they  would 
during  a  beaTy  wind  alonn. 

(82)  Kindly  describe  how  a  lit 
geometrically.  A.  B.  < 

Ahs.— Let  it  be  required  It.  I 
Through  the  point  a  draw  a  1U 
angle  with  the  line 


.gleofis-, 
L.  B,  W.,  Kt.  Johns,  Pa. 
-efcrable.    The  shrinkage 
table  In  framing  timbers. 


the  line  ab  !■  trisected  at  the  points  /  and  « 
In  order  to  obtain  good  clear  intetacctloni,  bn. 
should  be  an  acute  angle,  and  ae  should  be  inad< 
approilmalely  equal  to  one-third  of  ab. 


there,  and  who  makes 
article  s|>ealia  of  a  t 
twoimpulBeBeverj-p 
have  an  engine  wfth 


.     m  Tbe  same 

jngine  that  Sve« 

'olullnn  nf  the  crank-ehai^.    I 
do  cylinder*  (a  Hicks  gasoline 

'  it  could  give  two  impulses. 

Lt  the  time  the  army  starts,  the 


SO  miles  In  lOhourK.    At  i 

commanding  officer  star ... -  .. —  

back,  rides  to  the  front  and  returns,  reaching 
rear  of  the  army  again  at  the  precise  moment 
the  army  completes  the  ten  hours'  marrh  :  hon 


doa  the  ofBcer  travel,  asnuning  hii  rale  Of  motion  to 

be  uniform?    Can  this  question  be  solved  without 
the  use  at  algebra  T    If  so,  show  figuring. 

Am,— (a)  The  SInti  Qas  Engine  Co.,  Urand  Raidds, 
Mich.,  are  the  makers  of  tbe  Sinu  engine,  of  which 
tbe  illustration  you  refer  to  is  a  sectional  diagram. 
(A)  Two-cycle  engines  give  an  Impulse  at  each  revo- 
lution of  the  crank-shaft.  Two  such  engines  coupled 
to  the  same  shaft,  with  Impulsea  alternating,  give 
one  Impulse  each  per  revolution,  or  two  impulsea  per 
revolution,  (c)  Lei  AD  he  a  straight  line  100  milea 
long,  and  B  Its  middle  paint.  At  starting,  let  tbe 
rear  of  the  army  beat  A,  and  its  front  at  if;  at  tbe  end 
of  the  march  tbe  head  will  beat  Zi,  and  the  rear  at  B. 
Let  Cbe  the  point  where  the  officer  turns.  Thentes 
of  marching  of  the  army  and  the  officers.  tielDK  uni- 
form, will  be  proportional  to  the  distances  traveled 
by  them  in  the  same  time.    Therefore, 


B'C 


50 -h 


i"  =  <50  -(-  I)  {50  -  I)  =  50=  -  i", 
which  gives  i^2&i/*i,  Tbewholedlstancetraveled 
by  the  officer  la 

^fl-^BC'-50-l■Ix25^/a-oo(l-l-^'^). 
This  question  cannot  be  solved  without  the  ate  of 

(ftl)  Wh&t  Is  tbe  horsepower  of  a  gasoline  engine 
of  the  following  dimensions :  cylinder,  4  Inches  In 
diameter;  stroke,  A  Inches;  revolmions  per  minute, 
600:  an  explosion  every  revolution.  Please  show 
the  figuring.  T.  H.  T,.  El  Paso,  Teiaa. 

Ass.— The  following  formula  will  give  the  average 
brake  horsepower  of  a  two-cycle  engine: 
n>XLXR 
^--H.000-' 
where  p  —  dlameterof  cylinder,  In  lnch«: 
L  -  slrokeofplston,  in  inches', 
X  —  number  of  revolutions  per  minute: 
H  —  the  average  brake  horsepower. 
Substituting  In  the  above  formula  the  values  given. 


I  ran  be  trisected 
.  Hoi  yoke.  Mass. 
sect  the  Hue  ab. 
>  at  making  any 


I)  Id  what  way  does 

llers  and  other  car  "■ 

la  a  condenser  for  an  Inductl 


I)  The  1 


of  tl 


i.  E.  R.,  Harrlsbnrg.  Pa. 


magnet  upon  a  current  In  the  form  of  an  arc  la  tbe 
same  as  the  action  upon  a  wire  carrying  a  current. 
When  the  direction  of  the  arc  la  at  right  angles  to 
the  lines  of  force  due  to  the  magnet,  the  arc  la 
repelled  and  lis  path  Is  lengthened  until  it  is  broken. 
(b)  Tbe  condenser  Is  used  to  neutralise  the  self- 
Induction  of  the  windings,  thereby  producing  an 
Increased  length  of  apaik  bietween  the  terminals  of 
the  secondary  coll. 

calculating  the 
.live?  (61  How  la 
...mber  found,  without  the  tiae 
J.  R.  B.,  Fredertckabnrg,  V». 
I  Use  a  braking  force  equal  to  75  per  oent. 
of  the  weight  on  the  wheels  that  are  lo  be  braked. 
(b)  You  will  Hnd  the  Information  yon  require  In  kn 
article  entitled  "Napier"  published  In  two  parta  in 
Home  Stvdv  MaOiIzine,  December.  ISBT.  and  Jaonary. 
1898.  It  is  a  waste  of  lime  attempting  lo  make  uae  of 
logarithms  unless  you  have  a  table. 


(«ei    |o)  What  Is  the  i 

Bpoper  aire  of  brake  for  i 
le  logarlthn      ' 
of  a  table? 


ANSWERS  TO  INQUIRIES. 


(67)  1  wish  to  construct  a  **  magnetic  separator  " 
for  separating  iron  filings  and  turnings  Arom  brass. 
Kindly  answer  the  following  questions  in  regard  to 
the  separator :  (a)  How  can  I  fasten  the  magnets  to 
the  copper  cylinder?  (6)  We  have  a  small  dynamo 
which  is  used  for  plating;  could  it  be  used  to 
magnetize  the  cylinder  without  inluring  the 
dynamo  or  affecting  the  current  for  plating  7  (c) 
Could  the  copper  cylinder  be  magnetized  by  any 
other  means  than  by  a  magnet?  (d)  From  whom 
ran  such  a  machine  be  purchased  ? 

W.  B.  M..  Baltimore.  Md. 

Ans.— (a  and  c)  It  is  not  possible  to  magnetize  a 
copper  cylinder.  The  principle  of  a  magnetic  sep- 
arator is  shown  in  the  figures.  Fig.  1  is  an  end  view, 
with  half  of  the  cylinder  d  cut  away  to  show  the 
magnets.  Fig.  2  is  a  cross-section  of  Fig.  1  on  the 
line  a b.  The  magnet  cores  mare  cast  in  one  piece 
with  the  support  S,  and,  after  th  ecoils  k  are  put  on. 
the  pole  pieces  p  are  fastened  in  place  by  means  of 
machine  screws  as  shown.  The  drum  d  is  made  of 
copper  or  brass,  and  has  a  flange  /  on  each  side. 
The  drum  is  made  to  revolve  by  means  of  crank  c, 
and  the  filings  are  allowed  to  fall  upon  it  fh>m 
the  hopper  h.  The  brass,  not  being  attracted  by 
the  magnets,  falls  into  the  box  B.  while  the  iron  turn- 
ings are  carried  past  the  partition  and  CeiU  into  /. 
(b)  Yes,  if  the  resistance  of  the  coils  is  not  too  low. 
(d)  We  do  not  know  of  a  firm  that  makes  as  small 

n 


Flo.  2. 


a  machine  as  you  would  probably  require,  but  we 
iiuggest  that  you  write  to  Thomas  A.  Edison, 
Orange,  N.  J.;  he  has  experimented  with  magnetic- 
ore  separators,  and  will  no  doubt  be  glad  to  help 
you. 

* 

«    -N- 

(68)  (a)  How  much  power  could  be  obtained  from 
a  pipe  line  48  inches  in  diameter,  and  falling  4(X)  feet 
in  20  miles?  (6)  How  much,  falling  9(X)  feet  in  40 
miles?  The  water  would  be  taken  ftom  a  rapidly 
running  mountain  stream  where  the  conditions  are 
not  favorable  to  fluming— at  any  rate,  not  at  many 
points.  Flume,  New  York,  N.  Y. 

Aks. — (a)  The  maximum  power  that  can  be 
obtained  depends  on  the  condition  of  the  pipe.  If  it 
is  onooth  and  well  laid,  without  sudden  bends  or 
changes  of  level  in  which  air  can  collect,  the  maxi- 
mum theoretical  power  represented  by  the  energy  of 
the  water  as  it  leaves  the  pipe  might  be  as  much  as 
1,800  horsepower.  With  a  cast-iron  pipe  in  ordinary 
condition,  the  maximum  theoretical  energy  that 
could  be  obtained  might  not  be  more  than  800  horse- 
power. (6)  From  2,500  to  4,000  theoretical  horsepower, 
depending  on  the  condition  of  the  pipe.  The  actual 
power  that  could  be  developed  depends  on  the  effi- 
ciency of  the  motor  used;  under  favorable  condl- 
tioni,an  efficiency  of  75  per  cent,  should  be  obtained. 
In  order  to  obtain  the  maximum  power  from  long 
pipes  under  the  above  conditions,  the  flow  should  be 
80  regulated  that  the  pressure  head  at  the  discharge 
end  of  the  pipe  is  about  ]  of  the  total  fall. 


What  do  the  expressions  first  an^  and  third 
wn^  mean,  as  applied  to  different  methods  of  pro- 
jection in  mechanical  drawing? 

Mechanic,  Jersey  City,  N.  J. 

Ans.— I^t  a  vertical  plane  a  intersect  a  horizontal 
plane  6,  as  shown  in  the  flgure.  Then  there  will  be 
formed  4  dihedral  angles,  as  indicated  by  the 
numerals  /,  f,  5,  U, 


The  angle  above  h  and 
in  front  of  a  is  called 
the  firti  angle,  and  the 
angle  directly  o  pposi  te, 
that  is,  the  angle  below 
6  and  behind  a,  is 
cslleA  the  third  angl^.  If 
an  object  is  held  in  the 
first  angle  and  is  projected  on  the  planes  a  and  b,  the 
elevation  will  appear  on  a  and  the  plan  on  b ;  the 
same  is  of  course  true  if  the  object  is  held  in  any 
other  angle.  Now,  to  show  the  different  views  on  a 
plane  surface  like  a  sheet  of  paper,  the  plane  a  is 
conceived  to  be  revolved,  in  the  sense  shown  by  the 
arrows,  until  it  coincides  with  the  plane  b.  It  is 
readily  seen  that,  if  the  object  is  in  the  first  angle, 
this  revolution  brings  the  elevation  above  the  plan  ; 
while,  if  the  object  is  in  the  third  angle,  the  plan 
will  be  above  the  elevation. 

* 

•N-    * 

(70)  Is  there  any  book  on  electricitv  that  shows 
how,  by  means  of  simple  arithmetic,  toe  sizes  and 
amount  of  wire,  the  amount  of  iron,  and  other 
matters  incidental  to  the  designing  of  dynsmos  and 
motors  can  be  fibred?  J.  J.  C,  Dubuque,  Ind. 

Ans— A  simple  exposition  of  the  principles  of 
djmamo  design  is  given  in  the  "Americsn  Elec- 
trician," August,  181^.  and  succeeding  issues  up  to 
date.  The  subject  is  carefully  considered  under 
the  head  of  "Lessons  in  Practical  Electricity." 
You  cannot  do  better  than  subscribe  to  that 
publication. 

*  i 

(71)  (a)  What  should  be  the  maximum  thickness 
between  bars  of  commutators  for  motors  of  from  20  to 
35  horsepower?  (6)  What  would  be  the  result  if  this 
thickness  were  exceeded  7   A.  A.  A.,  Johnstown,  Pa. 

Ans.— (a)  About  .035  inch,  (b)  The  effect  of  a 
greater  thickness  would  be  a  reduction  of  the  col- 
lecting surface  for  current. 

(72)  (a)  Give  size  and  number  of  rivets  required 
in  the  reinforcement 
ring,  made  of  i-inch      ^ 
plate,  for  a  15"  X 11"       ^ 
manhole.     (b)I 
enclose  a    sketch  of 
the  diagonal  stays  in 
a  marine  boiler. 
Kindly  show  how  the 
stress  on  each  stay  is 
determined.     E.  P., 

Sault  St.  Marie,  Mich. 
Ans.— (a)  The  ring 
should  be  4  inches 
wide  to   keep  rivets 
well  from  the  edge 
of  the  hole ;  diameter  of  rivets,  )  inch  to  {  inch 
the  distance  between  centers  is  from  3  to  3|  inches. 
(b)  Let  A  =  area,  in  square  inches,  of  plate  supported 
by  the  diagonal  stays ; 
d  =  smallest  diameter  of  stay,  in  inches  ; 
n  =  number  of  stays ; 
L  =  angle  of  stay ; 

p  —  steam  pressure  in  pounds  per  square  inch: 
S  =  safe  stress  in  pounds  per  square  inch 
( =»  6,000  pounds  by  law ). 


Then, 


d  =  1.128 


Vn 


^X 


Scos  L 


88 


ANSWERS  TO  INQUIRIES. 


(73)  Please  explain  in  detail  the  electric  sig:nalB 
as  used  on  railroads.  How  does  the  engineer  receive 
the  signals?  A.  W.  B..  Miles  Grove,  Pa. 

An8.— In  another  part  of  this  number  there  is  an 
article  entitled  "Railroad  Block  Signaling,"  which 
we  believe  contains  the  information  you  are  after : 
your  inquiry  is  rather  indefinite,  however,  as  elec- 
tricity is  used  in  many  ways  on  railroads. 


«  -li- 


the   circle 


(74)  In  the  accompanying  diagram 
BCHK  is  described 
with  a  given  radius 
AB.  The  arc  RMD 
is  described  with  a 
radius  CD,  which  is  of 
such  a  length  that  the 
area  contained  by  it 
and  the  arc  DCR  of 
the  first  circle  is  equal 
to  one-half  the  area  of 
the  first  circle.  What 
is  the  length  of  the 
radius  CDl 

A.  M.,  Port  Morien. 

AN8.— Let  R  denote 
the  radius  of  the  given 
circle,:!;  the  radius  of 
the  circle  whose  center  is  C,  and  a  the  circular  meas- 
ure of  the  angle  RAC.  Then  we  have 


Area  of  segment  RCD 


X  —  2 12  sin 


Angle  RCA^ 
Area  of  segment  R  M  D^ 
Therefore,  area  of  segment 
RMD 


iP(a  — 48ln2a). 
a 

2 
i(ir-o). 

„(ir  —  a  -  sin  a). 


2iP8in«-  (»  —a  -  sin  a). 


Combining  (1)  and  (5)  we  get 
Area  of  lune  RCDM  = 


/2»ra-4sin2o-|-2sln5|(ir  -a-  sina)]. 


(I) 
(2) 
(8) 
(4) 

(5) 
(6) 


and 


2  sin*  ^^  =  1  —  cos  a. 


In  formula  (6)  put 

\  sin  2.a  —  sin  a  cos  a, 
a 
2 

Then  we  get 
Area  of  lune  R  CD  M  = 

iP[ir  —  sin  o  —  (»  —  a)cosa].  (7) 

Formula  (7)  gives  the  simplest  expression  for  the 
area  of  the  lune  RCDM.  By  the  conditions  of  the 
question,  this  must  be  equal  to  one-half  of  the  area 
of  the  given  circle ;  hence, 

J?2[ir  —  sin  a  —  («  —  a)  cos  o]  »=  J  »  iP  ; 
whence,  sin  a  -f  (w  —  a)  cos  a  =  ^  v.        (8) 

The  angle  a  must  be  found  ttoxn.  equation  (8).  and 
then  the  required  radius  x  is  found  from  equation 
(2).  Equation  (8)  can  be  solved  by  trial  only,  and 
gives 

a  =  1.2368967. 
Therefore,  the  angle  /e  il  C  =  70°  48'  42". 

Hence,        x  =- C/>  =  2  J?  sin  ^  = /?X  1.158718. 

«  « 
(75)  About  what  size  boat  could  be  run  at  a  speed 
of  from  8  to  10  miles  an  hour  with  a  2}-hor8epower 
gasoline  engine?  The  weight  of  the  engine  com- 
plete is  240  pounds ;  its  height  is  25  inches.  What 
size  of  screw  propeller  would  vou  recommend? 

H.  A.  W.,  Beloit,  Wis. 

Aks.— Your  engine  is  suitable  for  a  boat  of  ordinary 
proportions,  about  21  feet  long,  but  it  will  not  be 
practicable  for  you  to  get  more  than  7  miles  an  hour 
A*om  such  a  boat.  For  greater  speeds  you  would 
require  a  special  design  of  hull,  and  even  then  the 
result  would  be  a  very  cranky  craft.  A  20-inch  pro- 
peller, with  either  two  or  three  blades,  will  be  about 
right. 


(76)  (a)  Is  there  any  way  that  a  gas  engine  can 
exhaust  under  water  without  throwing  the  back 

Sressure  into  the  cylinder?  (6)  Do  you  know  of  any 
eviee  that  will  stop  the  noise  of  the  exhaust  from  a 
gas  engine,  without  throwing  the  back  pressure  into 
the  cylinder?  J.  W.,  UUca,  N.  Y. 

Ans.— (a)  None,  that  we  are  aware  of.     (6)  See 
Home  Study  Magazine,  March.  1898,  article  entitled 
•The  Gas  Engine."  Fig.  7. 

« 
«  * 

(77)  (a)  Why  is  the  number  of  coils  short-cir- 
cuited, greater  at  maximum  load  and  leys  at  mini- 
mum load,  in  a  Wood  arc  dynamo?  (5)  How  Is 
sparkless  commutation  secured?     A.  B.,  Joliet,  111. 

AN8.— (a)  The  coils  short-circuited  are  In  the  neu- 
tral space,  so  that  they  are  not  being  utilized  for 
generation  of  E.  M.  F.  They  are  cut  out  at  maxi- 
mum load  in  order  to  reduce  the  back  ampere-tumx 
of  the  armature,  and  to  cut  down  the  resistance 
in  the  circuit.  When  the  load  is  small,  the  back 
ampere-turns  are  needed  to  weaken  the  field,  (b) 
The  current  output  is  so  small  that  the  sparking  i«t 

slight. 

* 
*  * 

(78)  (a)  Please  explain  what  single-phase,  two- 
phase,  three-phase,  and  monocyclic  systems  are,  in 
what  they  differ  from  each  other,  ana  which  is  the 
best  system,  (b)  What  is  an  inductor,  as  applied  to 
a  generator  of  electricity  ?       H.  G.,  Somerset,  Man. 

AN8.— (a)  Your  question  is  entirely  too  comprehen- 
sive for  these  columns.  You  will  find  the  subject 
explained  in  Houston  and  Kennelly's  "Alternating 
Electric  Currents,"  which  may  be  procured  flrom  The 
Technical  Supply  Co.,  Scran  ton.  Pa.,  price  $1.00. 
(6)  The  inductor  type  of  generator  is  one  in  which  no 
moving  wire  is  used,  the  variations  in  flux  density 
through  the  armature  coils  being  obtained  by  moving 
past  them  masses  of  laminated  iron. 

«    « 

(79)  A  few  days  ago  I  was  asked  and  was  unable 
to  solve  the  following  problem  :  Given  a  circle  20 
inches  in  diameter ;  with  a  point  on  its  circumfer- 
ence as  center,  what  is  the  radius  of  the  arc  that 
will  divide  the  area  of  the  circle  into  two  equal 
parts?  Will  you  kindly  show  and  explain  the 
solution  ?  D.  McK..  Milton,  C.  B. 

ANs.— See  Answers  to  Inquiries.  No.  74.  Putting 
R=\Q  inches  in  the  answer  to  that  question,  we  get 
the  required  radius  to  be  11.58718  inches. 

(80)  (a)  How  should  I  proceed  to  true  up  an  emery 
wheel  that  has  become  worn  out  of  square  on 
face   and   sides,    as 

Indicated  by  the 
dotted  lines  on  en- 
closed sketch?  What 
is  the  best  tool  for 
the  purpose?  (b) 
What  changes  will  it 
be  necessary  to  make 
in  a  steam-boiler 
ftimacenow  burning 
soft  coal,  in  order  to 
bum  coke?    Lino. 

Ans.— (a)  There 
are  tools  specially 
made  for  truing  up 
emery  wheels. 
Write  to  Charles  A. 
Strelinger  &  Co.. 
Detroit.  Mich.;  they 
are  dealers  in  every 
kind  of  special  tool. 
(b)  To  burn  coke  successftilly,  a  strong  draft  and 
plentiful  air  supply  is  needed.  Y^ou  may  have 
to  change  your  grate  so  that  the  spaces  between 
the  grate  bars  are  about  {  of  an  inch.  We  would 
recommend  that  you  increase  your  grate  surface  by 
about  one-third. 


THE  HABIT  OF  STUDY. 


THE  man  with  the  habit  of  etudj  is  invio- 
cible.    No  danger  appals,  no  obstacle 
Tanquishea,  no  Benseof  fear  visits  him. 
The  value  of  this   habit  and    purpose  of 
■tody  is  well  UloBtrated  by  an  example  fi-oni 


"I  remember  very  well,"  said  Charles 
Francis  Adams,  "when  William  H.  Baldwin 
entered  the  Bervice  of  the  Union  Pacific  Rail- 
road.   I  wae  then  president  of  the  road. 

"President  Eliot  of  Harvard  first  called 
my  attention  to  the  young  man,  recently 
graduated.  He  said  that  he  considered  him 
s  good  man  for  the  railroad  business.  We 
si«  always  looking  for  first-class  young  men, 
you  know  ;  bo  1  found  a  place  for  him  with 
the  Union  Pacific. 

"He  was  sent  Weet,  and  soon  began  to 
distinguish  himself.  His  energy  and  ability 
secured  rapid  promotion  at  Omaha  and  at 
Bntle  City.  When  I  ceased  to  be  president 
of  the  Union  Pacific  Railroad,  Mr.  Baldwin 
resigned  bis  position  too.  He  was  then  gen- 
eral manager,  I  believe,  and  had  made  him- 
self of  the  greatest  usefulness  to  the  road. 
He  bad  shown  himself  to  be  poeeeesed  of  all 
the  qualities  that  go  to  make  up  a  succeeefiil 
railroad  manager,  including  the  rather  rare 
one  of  great  inte^ity.  Upon  leaving  the 
employ  of  the  Union  Pacific,  he  became  gen- 
eral manager  of  the  Flint  and  P£re  Marquette 
Railroad,  and  became  very  popular  as  before. 

"Messrs.  Morgan  &  Co.  had  their  eyes  on 
him  all  this  time,  and  subseqnently  he  was 
employed  by  them.  He  was  sent  down  to 
take  charge  of  the  Southern  Railroad  Com- 
pany, and  was  again  successful. 

"Hr.  Baldwin  has  simply  shown,  during 
his  employment  by  these  rwlroads,  that  he 
has  energy,  cliaracter,  mental  alertness,  and 
the  important  faculty  of  minding  his  own 
business.  These  have  made  him  what  he  is, 
1  think  highly  of  him.  Yea,  I  believe  him 
to  be  the  most  promisii^  railroad  man  in  tlie 
oonntry." 


This  is  indeed  h^h  praise,  coming  from 
one  of  the  greatest  railroad  organixera  of  the 
century.  But  it  is  still  further  emphasized 
by  the  election,  in  September,  1S96,  of  this 
Boston  boy,  but  little  more  than  thirty  years 
of  ^e,  to  succeed  the  late  Austin  Corbin  as 
president  of  the  Long  Island  Railroad. 

Such  a  career  is  a  good  illustration  of  what 
strict  application  will  do,  when  combined 
with  a  good  edncation,  intelligent  apprecia- 
tion of  what  is  required,  and  adaptability  for 

Mr.  Baldwin  is  the  youngest  railroad  presi- 
dent in  the  Plast.  He  is  only  thirty-fonr 
years  old,  and  has  risen  in  about  ten  years 
from  a  clerkship  in  a  Western  railroad  office 
to  the  presidency  of  one  of  the  finest  railroad 
properties  of  its  kind  in  the  United  States. 

He  was  bom  in  Boston,  Febmary  5, 1863. 
His  father  is  president  of  the  Young  Men's 
Christian  Union,  a  position  he  has  filled  with 
great  ability  for  nearly  thirty  years.  Young 
Baldwin  was  graduated  from  the  Roibury 
Latin  School  with  honors,  and  completed  his 
coarse  at  Harvard  in  1885. 

He  was  very  popular  with  all  classes  while 
at  Harvard,  and  was  president  of  the  Har- 
vard Gtee  Club,  and  also  of  the  Memorial 
Halt  Dining  Association,  a  cooperative  organ- 
ization of  the  college  students.  Under 
"Billy  Baldwin's"  administration  every- 
thing was  conducted  in  an  eminently  satis- 
factory manner.  Here  was  where  he  made 
his  first  "hit"  in  a  business  sense;  and 
when,  late  in  1885,  Charles  Francis  Adams 
said  he  was  looking  for  a  bright,  reliable 
young  man  to  place  in  the  head  office  of  the  . 
Union  Pacific  Railroad  at  Omaha,  President 
Eliot  instantly  recommended  young  Baldwin 
for  the  position,  to  which  he  was  promptly 
elected. 

How  true  the  noble  saying  of  George  Eliot : 
"The  only  failure  a  man  ought  to  fear  is 
failure  in  cleaving  to  the  purpose  he  sees  to 
be  best," 
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SUCCESS  THROUGH  PERSEVERANCE, 


SUCCESS  THROUGH  PERSEVERANCE. 


IT  WAS  when  Cyrus  W.  Field  had  retired 
from  busineds  with  a  large  fortune  that 
he  became  possessed  with  the  idea  that, 
by  means  of  a  cable  laid  upon  the  bottom  of 
the  Atlantic  Ocean,  telegraphic  communica- 
tion could  be  established  between  Europe 
and  America.  He  plung^  into  the  under- 
taking with  all  the  force  Of  his  being.  The 
preliminary  work  included  the  cx)nstruction 
of  a  telegraph  line,  1,000  miles  long,  from 
New  York  to  St  John's,  Newfoundland. 
Through  400  miles  of  almost  unbroken  forest 
they  had  to  build  a  road  as  well  as  a  tele- 
graph line  across  Newfoundland.  Another 
stretch  of  140  miles  across  the  island  of  Cape 
Breton,  involved  a  great  deal  of  labor,  as 
did  the  laying  of  a  cable  across  the  St.  Law- 
rence. 

By  hard  work  he  secured  aid  for  his  com- 
pany from  the  British  government,  but  in 
the  United  States  Congress  he  encountered 
such  bitter  opposition  that  his  measure  only 
had  a  majority  of  one  in  the  Senate.  The 
cable  was  loaded  upon  the  Agamemnon,  the 
flagship  of  the  British  fleet  at  Sebastopol, 
and  upon  the  Niagara,  a  magnificent  new 
frigate  of  the  United  States  Navy  ;  but  when 
five  miles  of  cable  had  been  paid  out  it  caught 
in  the  machinery  and  parted.  On  the 
second  trial,  when  200  miles  at  sea,  the  elec- 
tric current  was  suddenly  lost,  and  men 
paced  the  deck  nervously  and  sadly,  as  if  in 
the  presence  of  death.  Just  as  Mr.  Field 
was  about  to  give  the  order  to  cut  the  cable, 
the  current  returned  as  quickly  and  mysteri- 
ously as  it  had  disappeared.  The  following 
night,  when  the  ship  was  moving  but  4 
miles  an  hour  and  the  cable  running  out  at 
the  rate  of  6  miles,  the  brakes  were  applied 
too  suddenly  just  as  the  steamer  gave  a 
heavy  lurch,  breaking  the  cable. 

Field  was  not  the  man  to  give  up.  Seven 
hundred  miles  more  of  cable  were  ordered, 
and  a  man  of  great  skill  was  set  to  work  to 
devise  a  better  machine  for  paying  out  the 
long  line.  American  and  British  inventors 
united  in  making  a  machine.  At  length  in 
mid-ocean  the  two  halves  of  the  cable  were 
sphced,  and  the  steamers  began  to  separate, 
the  one  headed  for  Ireland,  the  other  for 
Newfoundland,  each  running  out  the  precious 
thread,  which,  it  was  hoped,  would  bind 
two  continents  together.  Before  the  vessels 
were  3  miles  apart,  the  cable  parted.  Again 
it  was  spliced,  but  when  the  ships  were  80 
miles  apart,  the  current  was  lost.  A  third 
time  the  cable  was  spliced  and  about  200 


miles  paid  out,  when  it  parted  some  20  feet 
from  the  Agamemnon,  and  the  vessels 
returned  to  the  coast  of  Ireland. 

Directors  were  disheartened,  the  public 
skeptical,  capitalists  were  shy,  and  but  for 
the  indomitable  energy  and  persuasiveness 
of  Mr.  Field,  who  worked  day  and  night 
c^most  without  food  or  sleep,  the  whole  pro- 
ject woiild  have  been  abandoned.  Finally 
a  third  attempt  was  made,  with  such  suc- 
cess that  the  whole  cable  was  laid  without  a 
break,  and  several  messages  were  fiashed 
through  nearly  700  leagues  of  ocean,  when 
suddenly  the  current  ceased. 

Faith  now  seemed  dead  except  in  the 
breast  of  Cyrus  W.  Field  and  one  or  two 
friends  ;  yet,  with  such  persistence  did  they 
work  that  they  persuaded  men  to  furnish 
capital  for  another  trial,  even  against  what 
seemed  to  be  their  better  judgment.  A  new 
and  superior  cable  was  loaded  upon  the  Great 
Eastern,  which  steamed  slowly  out  to  sea, 
paying  out  as  she  advanced.  Everything 
worked  to  a  charm  until  within  600  miles  of 
Newfoundland,  when  the  cable  snappe<l 
and  sank.  After  several  fruitless  attempts  to 
raise  it,  the  enterprise  was  abandoned  for  a 
year. 

Not  discouraged  by  all  these  difiiculties, 
Mr.  Field  went  to  work  with  a  will,  organized 
a  new  company,  and  made  a  new  cable  far 
superior  to  anything  before  used,  and  on 
July  13,  1866,  was  begun  the  trial  which 
ended  with  the  following  message  sent  to 
New  York  : 

"  Heart's  Content,  July  27. 

"We  arrived  here  at  nine  o'clock  this  morning. 
All  well.  Thank  (iod  !  The  cable  is  laid  and  is  in 
perfect  working  order.  Cyrus  W.  Field." 

The  old  cable  was  picked  up,  spliced,  and 
continued  to  Newfoundland,  and  the  two 
are  still  working,  with  good  prospects  for 
usefulness  for  many  years. 

Successful  men,  it  is  said,  owe  more  to 
their  perseverance  than  to  their  natural 
powers,  their  friends,  or  the  favorable  cir- 
cumstances around  them.  Genius  will  £alter 
by  the  side  of  labor,  great  powers  will  yield 
to  great  industry.  Talent  is  desirable,  but 
perseverance  is  more  so. 

"  The  man  who  seeks  one  thing  in  life,  and  but  one, 
May  hope  to  achieve  it  before  life  be  done ; 
But  he  who  seeks  all  things,  wherever  he  goes. 
Only  reaps  from  the  hopes  which  around  him  he 

sows, 
A  harvest  of  barren  regrets." 

The  tree  of  knowledge  is  known  by  its 
fruits.  **  Culture,"  says  Oliver  Wendell 
Holmes,  ''in  the  form  of  fruitless  knowl- 
edge, I  utterly  abhor.'* 


HIRAM  S.  MAXIM. 


Thb  Appbentick  Who  Bbcahb  a 


HIRAM  S.  UAXIM  was  born  od  the  fifth 
day  of  February,  1840,  in  the  town  of 
Sangerville,  Me.    He  attended  the  local 
school  until  he  was  fourteen  yeara  of  age, 
when  he  went  to  work  for  hie  &ther,  a  car- 
riage builder  by  trade. 

He  did  not  remain  with  hia  fktber  ion);, 
but  entered  his  uncle's  engineering  works  at 
Pitch  burg,  Mass.,  as  an  apprentice,  where  he 
served  hia  time  and  became  the  foreman 
before  he  was  21. 

At  about  the  age  of  25  he  engaged  with  ft 
philoBophical  i  n  s  t  r  u- 
ment  maker  as  a  me- 
chanical draftsman,  and 
at  28  became  the  drafta- 
maDofs  large  steamship 
building  company  in 
New  York. 

In  bis  spare  momenta 
he  was  a  diligent  atu- 
dent,  ever  atriving  to 
master  the  principles 
whicb  underlay  the  sub- 
ject of  his  employment. 
It  is  thia  very  spirit  of 
inquiry  into  the  mi- 
nutest details,  which  is 
the  distingmshing  char- 
acteristic of  his  work  as 
an  inventor. 

When  but  a  lad,  he 
invented  an  automatic 
mouse  trap,  and  soon 
after,  a  gas  headl^ht 
for  locomotives,  which 
was  finally  abandoned 
owing  to  objections  to 
the  use  of  gasoline.  In  1S71  he  patented  a 
gas-generating  apparatus  for  houses,  and  a 
steam  trap  or  valve,  still  a  standard  type. 
Other  inventions  followed  rapidly  ;  among 
theni  being  automatic  steam  pumping 
engines,  feed  water  heatera,  engine  gov- 
ernors, gas  motors,  and  liquid  meters. 

But  his  most  itoted  inventions  are  in  elec- 
trical apparotua,  aeronautics,  and  machine 
guns.  Maxim  was  among  the  foremost  of 
the  eariy  experimenters  who  perfected  the 
arc  lamp,  and  he  was  the  first  to  invent  a 
practical  regulator  for  feeding  the  carbons. 

It  IB  not  generally  known  that  Edison  did 
not  abandon  the  use  of  the  platinum  con- 


ductor in  incandescent  lamps  nntil  Maxim 
had  proven  the  auperiority  of  carbon,  and 
overcome  the  objections  to  its  use.  His  pat- 
ented regulator  for  dynamo  brushes  was  the 
means  of  breaking  the  monopoly  enjoyed  by 
Thomson,  Honston  &  Co. ,  and  in  18S0 
Maxim  patented  the  first  arc  lamp  used  in 
New  York  City  for  open-air  illumination. 

In  1683  he  removed  to  England  to  take  up 
hia  permanent  reeidence,  believing  that  the 
patent  laws  of  that  country  fiirnish  mote 
protection  for  the  inventor  than  do  those  of 
the  United  States.  It 
waa  in  Ei^tland  that 
he  perfected  the  ma- 
chine guns  which  have 
made  htm  famous.  The 
difiiculties  encountered 
were  enough  to  discour- 
age any  ordinary  man, 
but  he  peraevered  until 
bis  gun,  firing  700  shots 
a  minute,  waa  recog- 
nized as  the  moat  deadly 
weapon  of  war&re  in 
existence. 

He  b^an  his  famous 
experiments  in  aero- 
nautics in  1S89,  and  on 
the  31st  of  July,  1894, 
his  experimental  ma- 
chine lifted  itself  from 
the  ground,  with  three 

talned  power,  the  first 
instance  of  the  kind  in 
the  history  of  the  world. 
He  solved  such  impor- 
tant problems  with  this  machine,  that  it 
is  believed  that  in  ten  or  fifteen  years 
we  shall  probably  see  a  practical  flying 
machine. 

Theinventorlivea  with  his  wifeat  London, 
where  he  still  continues  his  experiments. 
His  success  has  been  brought  about  chiefly 
by  diligent  study,  keen  observation,  and 
peraistence  of  purpose.  No  difficulties  or 
orthodox  principles  have  deterred  him  from 
assiduously  and  resolutely  pursuing  hia  own 
convictions,  and,  similar  to  a  legion  of  great 
and  successful  men,  he  may  be  appropriately 
described  as  a  "self-made  man,"  and  the 
designer  of  his  own  fame  and  fortune. 


C^t-^fJa^^e^K^ 
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SELF-CONTROL  AND  SELF-DISCIPLINE. 


SELF-CONTROL  AND  SELF- 
DISOPLINE. 


THE  value  of  teaching  self-control — ^the 
control  of  the  will— ia  often  overlooked 
in  the  mere  pursuit  of  knowledge.  A 
recent  article  in  a  late  journal  by  Dr.  DeBlois, 
of  Shurtleff  College,  emphasized  the  fact  that 
**  Self-reverence,  self-knowledge,  self-control, 
these  three  alone  lead  to  sovereign  power,'* 
and  that  self-sacrifice  is  really  **  education's 
highest  aim."  We  may  train  the  hand  to  be 
skilful,  the  eye  to  be  accurate,  and  the 
memory  to  be  retentive,  but  back  of  these  is 
still  the  most  important  of  all — a  life  of 
which  the  others  are  but  manifestations, 
and  upon  which  they  depend  for  their 
existence — ^the  will,  that  is,  the  man.  Br. 
Edward  Everett  Hale  has  spoken  words  of 
wisdom  on  this  line  when  he  says  : 

"  One  hears  a  great  deal  in  our  time  of 
better  education  of  the  hand  and  eye.  All 
right !  But  I  wish  we  could  always  manage 
in  this  mere  sharpening  of  the  edge  of  the  tool 
— for  it  is  nothing  more— to  give  the  boy  or 
girl  a  deeper  sense  of  who  it  is  who  is  to  use 
the  tool ;  how  great,  how  unmeasured,  is  the 
power  of  the  boy  or  girl.  If  we  could  lead 
along  boys  or  girls  from  day  to  day  in  this 
sense  of  possible  mastery,  if  we  could  really 
make  them  believe  that  in  the  temptations 
which  are  likely  to  befall  them,  they  can 
really  tread  on  serpents  and  scorpions  and 
that  nothing  shall  by  any  means  hurt  them, 
we  shall  not  so  much  mind  if  the  edge  of  the 
tool  were  not  of  the  very  sharpest. 

"When  Daniel  Boone  made  his  forest 
home,  he  owed  more  to  the  strength  of  the 
blow  by  which  he  drove  his  ax,  he  owed 
more  to  the  precision  with  which  the  ax 
alighted  in  its  preordained  place,  than  he 
owed  to  the  dangerous  sharpness  of  the  tool. 
And  these  boys  and  girls  of  ours  are  to  suc- 
ceed or  are  to  fall  according  as  it  is  the 
infinite  power  of  the  child  of  Grod  which 
undertakes  the  duties  of  manhood  or  woman- 
hood. 

**  This  is  the  true  lesson  when  a  great  man 
dies,  or  a  great  woman.  Little  people  ask, 
in  a  little  way,  *  How  could  she  do  what  she 
did — or  he?'  The  great  teachers  answer, 
*  Of  course  she  did  it.  She  was  a  child  of 
God ;  she  could  do  what  she  chose.  Of 
course  he  did.  Sons  of  God  do  not  stop  or 
turn  backward  from  the  plow.'  And  any 
boy  or  girl  who  will  try  the  great  experiment 
has  this  victory  open.  *  I  control  my  body  ; 
it  shall  do  what  I  command.  I  control  my 
mind.     It  shall  think  things  which  are  pure, 


which  are  lovely,  which  are  of  good  report. 
It  shall  not  think  things  which  are  base  or 
mean  and  in  any  shape  wrong.' 

''The  boy  who  makes  that  determination 
is  a  son  of  God,  and  as  a  son  of  Grod  puts  an 
end  to  all  other  notions,  in  that  moment 
becomes  a  veritable  man.  The  girl  who  thus 
determines  becomes  a  true  woman.  These 
two,  at  least,  of  us  all  get  an  answer  to  our 
question. 

Self-discipline  and  self-control  are  the 
beginnings  of  practical  wisdom ;  and  these 
must  have  their  root  in  self-respect.  Hope 
springs  from  it — hope  which  is  the  com- 
panion of  power,  and  the  mother  of  success ; 
for  whoso  hopes  strongly  has  within  him  the 
gift  of  miracles.  The  humblest  may  say, 
**  To  respect  myself,  to  develop  myself— tWs 
is  my  true  duty  in  life.  An  integral  and 
responsible  part  of  the  great  system  of 
society,  I  owe  it  to  society  and  to  its  author 
not  to  degrade  or  destroy  either  my  body, 
mind,  or  instincts.  I  am  bound,  on  the  con- 
trary, to  the  best  of  my  power,  to  give  to 
those  parts  of  my  constitution  the .  highest 
degree  of  perfection  possible.  I  am  not  only 
to  suppress  the  evil,  but  to  evoke  the  good 
elements  in  my  nature.  And  as  I  respect 
myself,  so  am  I  equally  bound  to  respect 
others,  as  they  on  their  part  are  bound  to 
respect  me. "  Hence,  mutual  respect,  j  ustice, 
and  order,  of  which  law  becomes  the  written 
record  and  guarantee. 

DON'T  DESERT  THE  POST. 

YOUNG  persons  are  sometimes  told  that 
duty  is  always  pleasant  Duty  done  is 
always  pleasant  in  the  retrospect,  but 
the  actual  doing  of  duty  not  rarely  involves 
the  severest  self-denial.  When  real  difficul- 
ties come,  as  come  they  will,  do  not  attempt 
to  escape  them  by  cowardly  shifts  or  by 
deserting  your  posts,  but  face  them  and  con- 
quer them.  You  cannot  escape  difficulties 
if  you  try.  This  conquest  of  difficulties  is 
requisite  to  generate  force  within  yourselves, 
and  to  secure  the  respect  of  others.  The 
fighting  capacity  is  just  as  requisite  for  a 
civilian  as  for  a  soldier.  Life  is  a  battle,  and 
courage  and  endurance  are  Christian  virtues. 
Choose  your  place  of  work  as  carefully  as 
you  would  your  profession.  A  manly,  phil- 
anthropic character  cannot  be  developed  in 
a  predestined  wilderness.  You  cannot  do 
work  for  man  in  a  place  which  economical 
laws  are  draining  of  its  population.  Gro 
where  men  instinctively  congregate — where 
there  is  the  sorest  need  of  moral  power  for 
the  guidance  and  control  of  the  weak  and 
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the  erring.  When  you  have  thus  pitched 
your  tent,  stay  till  you  can  command  a 
position  against  every  antagonist.  Then, 
and  not  till  then,  may  you  safely  change 
your  base.  If  you  can  be  driven  from  one 
position,  you  may  be  from  another,  and  you 
will  fail  to  forge  that  firmly  knit,  elastic,  and 
manly  character  which  is  the  first  condition 
of  conquest. 

SELF-KNOWLEDGE. 


TBAINING  involves  a  rigid  account  of 
oneeelf  based  on  searching  self-knowl- 
edge. To  become  an  active  speaker  one 
must  know  his  defects  of  bearing,  gesture, 
Tdce ;  one  must  bring  his  whole  personality 
into  clear  light,  and  study  it  as  if  it  were  an 
external  thing ;  one  must  become  intensely 
self-conscious.  The  initiation  to  every  art 
is  through  this  door  of  rigid  scrutiny  of  self, 
and  entire  surrender  of  self  to  the  discipline 
of  minute  study  and  exacting  practice.  The 
{uanist  knows  the  artistic  value  of  every 
note,  and  strikes  each  note  with  carefully 
calculated  effect  The  artist  gives  himself 
np  to  patient  study  of  details,  and  is  content 
with  the  monotony  of  laborious  imitation, 
sabjecting  every  element  of  material  and 
manner  to  the  most  thorough  analysis. 


TECHNICAL  EDUCATION  A  SOCIAL 

FACTOR. 


THE  work  accomplished  by  the  American 
nation  shows  gigantic  concentration 
of  cosmopolitan  energy.  Philosophy, 
Bdence,  and  experience  force  the  educators 
of  this  transitional  epoch  in  the  world's  his- 
tory to  recognize  the  reciprocal  relations 
between  mental  and  bodily  activity,  a  fact 
which  now  brings  prominently  enough,  and 
will,  early  in  the  twentieth  century,  bring 
bodily  activity  still  more  prominently  into 
the  curriculum  of  the  school,  especially  in  a 
government  by  the  people,  for  the  people, 
which  must  rise  or  fall  according  to  the  men- 
tal and  bodily  condition  of  the  people. 

The  children  of  today  are  bom  with  the 
highest  d^pree  of  bodily  activity.  Any  one 
observing  the  large,  wondering  eyes  of  our 
children,  comparing,  seemingly,  one  object 
with  another,  though  resting  for  hours  in  a 
peaceful  and  undisturbed  condition,  will 
iK>tioe  them  quite  active  in  thinking,  and 
while  their  plastic  features  indicate  restful, 
harmonious  bodily  development,  their  gain 
of  knowledge  by  means  of  silent  observation 
»nd  evident  self-activity,  is  surprising. 


With  the  power  to  walk  and  speak,  the 
child's  condition  is,  however,  suddenly 
changed,  and  the  combined  forces  of  its  men- 
tal and  physical  activities  break  forth  with- 
out limit.  The  child  wants  to  know  and  to 
do  everything  at  once.  His  faithful  teacher' s 
experimental  activity  and  repetition  of  com- 
parison and  observation  seem  now  too  slow, 
and  to  the  adult  he  clings  in  his  demands 
and  expectations.  What  provision  is  in 
use  to  direct  and  satisfy  these  childish 
demands? 

Our  houses  are  not  built  with  nurseries 
fitted  to  hold  experimental  toys ;  as  for 
example,  a  rocking  horse,  a  nursery  swing, 
nursery  gymnastic  tools,  Australian  jumping 
chairs,  colored  ellipsoids  to  sort  and  string, 
and,  highly  important,  a  sand  table. 
Neither,  in  most  cases,  are  nurses  often,  and 
sometimes  not  even  mothers,  capable  of 
answering  the  questions  of  the  child.  Our 
tenement  houses,  our  hotels,  and  our  single 
rooms  preclude  the  child  from  running  and 
jumping.  There  are  very  few  clean,  healthy, 
and  attractive  yards-;  no  near-by  parks 
where  a  mother  may  sit  to  sew  while  the 
children  play  around  her  knees,  as  seen  in 
Europe  ;  no  private  parks  open  to  them  ;  no 
school  gardens ;  no  teachers  engaged  to  take 
the  truants,  as  in  London,  to  the  gymnastic 
apparatus  found  in  the  parks,  and  to  the 
museum  or  other  places  of  learning  and 
interest.  There  are  only  rare  possibilities  of 
excursions  in  field  and  forest,  where  teachers 
can  make  selections. 

What  is  the  fate  of  these  prevented  activi- 
ties ?  The  children  are  perverted  ;  they  are 
driven  out  on  to  those  highways  of  juvenile 
crime,  our  streets  and  byways,  where,  by 
eager,  idle,  practical  observation,  with  a 
dime  novel  in  each  hand  and  a  dime  novel 
in  each  pocket,  their  wonderful  gifts  and 
activities  are,  inch  by  inch,  turned  into 
destructive  activities,  and  a  contempt  for 
labor  gradually  grows  into  distorted  views 
and  vicious  habits  of  life. 

Our  youth  should  be  taught,  at  an  early 
age,  that  while,  in  the  first  place,  they  should 
secure  a  solid  foundation  of  physical  health, 
the  cultivation  of  the  habit  of  mental  appli- 
cation is  quite  indispensable  for  the  educa- 
tion of  the  student. 


Therb  was  a  fine  motto  found  in  the 
pocketbook  of  an  aged  man  and  wealthy  mer- 
chant who  had  been  accidentally  drowned  : 
**If  your  hands  cannot  be  usefully  em- 
ployed, attend  to  the  cultivation  of  your 
mind." 
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WHAT  SHALLVE  READ? 

BOOKS  are  the  very  best  friends  or  the 
most  merciless   enemies  of  mankind. 
The    man    of    serious    thought    and 
reflection 

Finds  tongues  in  trees,  books  in  the  running  brooks, 
Sermons  in  stones,  and  good  in  everything. 

He  reads  those  books  that  help  in  the 
development  of  character,  that  strengthen 
his  citizenship,  and  brighten  his  home 
powers  and  purposes.  His  reading  fits  him 
for  the  better  discharge  of  every-day  duties, 
makes  him  a  more  worthy  employer,  a  more 
successful  superintendent,  a  more  trusted 
foieman,  or,  on  the  other  hand,  renders  him 
a  more  efficient  employe,  a  more  skilled 
mechanic,  a  more  hopeful  and  useful  work- 
man. A  man  may  be  known  by  his  books. 
Enter  the  home  of  the  artisan,  glance 
at  his  books,  examine  the  periodical  litera- 
ture he  receives,  and  you  have  at  once  his 
character,  his  ambitions,  and  purposes  fully 
revealed.  So  much  importance  did  the  illus- 
trious Emerson  place  on  the  choice  of  books 
that  he  wrote  **Be  sure  to  read  no  mean 
books.  Shun  the  spawn  of  the  press  on  the 
gossip  of  the  home.  Do  not  read  what  you 
shall  learn,  without  asking,  in  the  street  or 
on  the  train.  Dr.  Johnson  said,  *  he  always 
went  into  stately  shops,'  and  good  travelers 
stop  at  the  best  hotels ;  for,  though  they  cost 
more,  they  do  not  cost  much  more,  and  there 
is  the  good  company,  and  the  best  informa- 
tion. In  like  manner,  the  scholar  knows 
that  the  famed  books  contain,  first  and  last, 
the  best  thoughts  and  facts.  Now  and  then, 
by  rarest  luck,  in  some  foolish  Grub  street, 
is  the  gem  we  want.  But  in  the  best  circles 
is  the  best  information.  If  you  should  trans- 
fer the  amount  of  your  reading  day  by  day, 
from  the  newspaper  to  the  standard  authors 
— ^but  who  dare  speak  of  such  a  thing?  The 
three  practical  rules,  then,  which  I  have  to 
ofler  are:  (1)  Never  read  any  book  that  is 
not  a  year  old.  (2)  Never  read  any  but  famed 
books.  (3)  Never  read  any  but  what  you 
like  ;  or,  in  Shakespeare's  phrase, 

'  No  profit  goes  where  is  no  pleasure  ta'en, 
In  brief,  sir,  study  what  you  most  affect.'  " 

Emerson  again  says  :  **Go  with  mean  peo- 
ple, and  you  think  life  is  mean.  Then  read 
Plutarch,  and  the  world  is  a  proud  place, 
peopled  with  men  of  positive  quality,  with 
heroes  and  demigods  standing  around  us, 
who  will  not  let  us  sleep.  Whenever  any 
skeptic  or  bigot  claims  to  be  heard  on  the 
questions  of  intellect  and  morals,  we  ask  if 
he  is  familiar  with  the  books  of  Plato,  where 
all  his  pert  objections  have  once  for  all  been 


disposed  of.  If  not,  he  has  no  right  for  oar 
time.  Let  him  go  and  find  himself  answered 
there." 

Oh,  the  glorious  people  of  books!  Life 
looks  up  ;  the  ** cares  that  infest  the  day" 
are  easier  borne  in  their  royal  company. 
When  life  grows  too  heavy  for  you,  when 
you  sit  in  the  shadow  of  the  cypress,  or  with 
Elijah  under  the  juniper,  there  is  nothing 
that  consoles  like  biography,  except  it  be  the 
inspired  Word.  Others  have  gone  into  the 
valley  and  come  out  the  stronger,  as  you  may 
do,  if  you  take  your  chastenings  as  intended. 

When  life  is  joyous,  nothing  inspires  like 
biography.  If  you  are  young,  it  will  make 
you  feel  that  life  is  sublime ;  it  will  nerve 
your  arm  to  do  and  dare ;  it  will  convince 
you  that  education  and  force  of  character 
have  won  in  all  climes  and  in  all  ages.  It 
will  show  you  that  all  ignoble  actions  bum 
the  soul,  and  even  in  this  world  meet  retri- 
bution ;  "that  to  be  right,  with  God  on  a 
side,  is  to  be  in  the  majority";  that  to  be 
the  vanguard  of  truth  is  to  stand  amid  the 
fires  of  martyrdom  while  one  writes  his  name 
among  the  stars ;  that  to  die  for  a  grand 
cause  is  to  be  forever  its  living  champion ; 
that  to  live  a  noble  life  is  greater  than  to 
write  a  grand  book  or  a  sublime  poem.  And 
whether  you  follow  the  sublimest  of  all  lives 
through  the  sorrows  of  Gethsemane  into  the 
shadows  of  Calvary,  or  stand  entranced  amid 
the  pomp  and  magnificence  of  the  court  of 
the  Ctesars,  the  lessons  learned  from  the 
stories  of  human  lives  will  make  vou  wiser 
and  better. 

THE  SIN  OF  MEDIOCRITY. 


THE  sin  of  American  labor  at  the  present 
day  is  mediocrity  ;  our  boys  especially 
are  too  impatient  to  begin  life  for  them- 
selves. They  start  without  capital,  either  in 
the  way  of  money  or  education ;  the  result 
is  often  disappointment  and  failure,  no  mat- 
ter  how  willing  they  may  be  to  work.  The 
future  needs  and  will  demand  men  and 
women  of  fixedness  of  purpose,  each  one 
capable  of  doing  some  one  thing,  but  doin|^ 
that  one  thing  better  than  any  one  else  can 
do  it. 

"The  best  political  economy,"  Emerson 
tells  us,  **is  the  care  and  culture  of  men. 
Culture  is  not  coddling,  but  training — not 
help  from  without,  but  growth  from  within. 
The  harsh  experience  of  centuries  has  shown 
that  men  are  not  made  by  easy  processes. 
Character  is  a  hardy  plant.  It  thrives  best 
where  the  north  wind  tempers  the  sunshine." 


STUDENTS   WHO    HAVE   BENEFITED   THEMSELVES 

THROUGH  HOME  STUDY 

IN  THE  INTERNATIONAL  CORRESPONDENCE  SCHOOLS, 
SCRANTON,  PA. 


SAVES  EMPLOYERS 

25  PER  CENT.  (W  FUEL, 

It  is  with  pleasure  that  I  give  my  teeti- 
monial  of  the  bene- 
I    fits  derived    from  a 
.   technical    education 
in  The  Intematioiial 
Correapondence 
Schools.     It  is  swell 
known  fact  that  the 
man  who  works  from 
scientific    principlee 
is  the  man  whogaina 
the  top  round  of  the 
ladder.    I  am  effect- 
ing a  saving  of  25  per 
cent,  of  the  fuel  in 
the  plant  that  I  hsve  charge  of,  from  prin- 
ciples I  learned  in  the  Schools.    I  would 
recommeod    them  to  any  one  desirous  of 
obtaining    a    technical    education. — B.   M. 
Stnitzer  (H.   SVli),   Engineer  in  eharge,   jeUk 
F.  L.  Purree  A  Co.,  Putnej/,  ^1. 


DESK»<S  MACHINERY 

AT  J5.00  A  DAY. 

After  completing  the  Mechanical  Drawing 

Course  of  The  Inter- 
national Correepond- 
ence  Scliools,  some 
.years  ago,  I  was 
offered  a  position  as 
drafUman,  at  (50.00 
I  amonth,  in  the  some 

shop  where  I  served 
my  time  as  appren- 
tice machinist.  Hav- 
ing finished  the  Com- 
plete   Mechanical 
Course,  with   the 
Papers   on   Machine 
Design,  Strength  of  Materials,  and  Applied 
Mechanics,  I  am  now  able  to  accept  the  most 
complicated     work.      My     salary    averages 
SSO.OO  a  month,   although  I  have  received 
95.00  s  day  on  special  work,  for  weeks   at 
a  time. — Fred   F.   Kranek    (C.   78S),    Mani- 
Unooc,   Wit. 


CCMXEGE  STUDENT. 

Up  to  the  time  1  was  18  years  of  age,  I  had 
no  desire  to  acquire  an  education.  1  enrolled 
in  "The  Correspondence  School  of  Mines," 
and  after  several  years'  study,  am  in  a  posi- 
tion  to  apeak  of  its  merits.  The  Course 
imbued  me  with  the  desire  for  an  education, 
and  assisted  me  in  entering  the  college  which 
I  now  attend.  The 
professor  of  drawing 
atthisinstitutiunhas 
accepted  the  drawing 
I  did  in  the  course  as 
equivalent  to  the 
Freshman  -year 
course  in  drawing 
taught  here,  and 
allows  me  a  grade  i 
it.  I  will  say  that 
had  it  not  been  for 
the  School,  I  would 
today  be  driving  a 
mule  in  a  coal  mine,  instead  of  studying 
engineering  in  college.— Geo.  W.  Evant{F. 
18S),  Pidlman,  Waxk. 

SUE^RINTENDENT  OF 

ACOUJERY. 

Bearding  practical  benefits  derived  by  me 
from  The  Interna- 
tional Correapond- 
ence Schools,  I  will 
say  thatwheni  bega  n 
studying  in  the  Com- 
plete Coal  Mining 
Course,  I  was  work- 
ingasaminer.  Since 
then  Ihave  been  suc- 
cessful in  obtaining 
a  mine-manager's 
certificate  for  this 
Province,  and  also 
the  School  Diploma. 

lam  now  empioyedassuperintendent  of  one 
of  the  collieries  owned  by  The  Dominion 
Coal  Company.— P.  Ckrutian»<m  { C.  M.  t64), 
^  B.N.S. 


STUDENTS  WHO  HAVE  BENEFITED  THEMSELVES. 


ELECTRICAL  ENGINEER 

FOR  HONCTOTJ,  N.  B. 


I  decMerl  to  take  a 


)nr8e  in  The  Interna- 
tional Correepond- 
ence  Schools  during 
its  early  days,  being 
No.  10  in  the  old 
Electrical  Couree.  I 
have  Bever  had  cause 


paid   for  the  course 
was  t  r  i  f  1  i  n  g,  com- 
pared with  the  beoe- 
fi(B  received.  I  know 
of  some  who  started 
in  the  electricsJ  field 
eariier  than  I,  and  are  still    where  they 
started,  but — thanks  to  the  Schools — I  find 
no  difficulty  in  getting  better  positions  than 
they.    I    have   no  difficulty  in    installing 
complete    plants  of  any  kind,  making    all 
specifications  and  drawings  for  them  myself. 
I  am  now  electrician  for  the  town  of  Monc- 
ton,    New    Brunswick. — Geo.  M.  McDonald 
(M.  E.  1889),  {B.  10),  Moneton,  N.  B. 


IN  CHARGE  OF  THE 

DRAFTING  ROOM. 

Cold  Spbing,  N.  Y.,  March  24,  1897. 
MemaUrmat  Corrapi,ndeaet  Sclioolt.  Scron/on,  Pa. 
Oentlbhbn  :  — I  take  pleasure  in  stating 
that  one  of  your  pu- 
pils, Mr.  W.  O.  Dun- 
seith,    entered    our 
office  Bve  years  ago 
ae  a  boy.      He    has 
become  a  good  drafls- 
man ;  and,  owing  to 
the   Course  he    has 
taken,  we  find   him 
well,  informed  o  n 
subjects  which    are 
necessary  in  our  busi- 
ness.    He    wilt,    no 
doubt,  becomeacom- 
petent  designer  of  machinery,  and  deserve  a 
good  salary.         Yours  respectfully, 

(Signed)G.  P*iTLDiNo, 
Pres.  West  Point  Foundry  Co. 


Cold  Spring,  N.  V.,  Jan.  9, 1809. 

nal  COTTopondence  SchooU,  Siranlim,  fa. 

Gkntlbmbn:— I  now  have  charge  of  the 
drafting  room,  and  owe  everything  to  the 
Schools  for  my  success. 

Yours  very  truly, 
William  O.  Dunsbith  (C.  1526). 


FIRST-CLASS  UNLIMITED 

ENGINEER'S  UCENSE. 

It  gives  me  pleasure  to  write  my  approval 
of  The  International  Correspondence  Schools. 
I  have  finished  the  Stationary  Engineers' 
Course  and  am  now  working  on  the  Elec- 
trical Engineering.  I  am  entirely  satisfied, 
both  with  the  progress  I  have  made  and 
the  attention  shown  me  by  the  instructora. 

I  think  the  method  of  instruction  ia  the 
most  practical  to  be 
had,  while  the  mod- 
erate coat  places  it 
within  the  reach  of 
any  one  who  wills  to 
study.  The  Instruc- 
tion Papers  are  very 
dear  and  concise, 
and,  while  nothing 
i  m  portant  is  omitted , 
they  contain  much 
more  information  in 
the  same  space  than 
any  others   I    have 

ever  seen.  Since  studying  in  the  Schools,  I 
have  received  a  first-class  unlimited  engi- 
neer's  license  for  this  state,  which  shows 
that  our  examiners  find  practical  results 
from  your  teaching. — Siaion  B.  Pierce  [H. 
1461),  {M.  E.  1698),  Vxhridge,  Mom. 


Being  naturally  ambitious,  I  used  to  devote 
my  leisure  time  to  reading  engineering  litera- 
ture, but  my  progress  was  slow  nntil,  by 
chance,  a  friend  recommended  The  Inter- 
national   Correspondence   Schools    to    me. 
Having    nearly   completed    my  Coune   in 
Bridge  En^iieering, 
I  can  truthfully  speak 
of  its  merits.    I  es- 
teem the  theory,  as 
well  as  the  practical 
results  of  the  system, 
very  highly  indeed, 
and  I  can  cheerfully 


it  t 


all 


who  are    ambitious 
and  willstudy.  From 
what  is  called  "the 
blueprint  boy"  I 
have  risen  to  the  po- 
sition of  draflaman  in  a  responsible  bridge 
company.    I  am  firmly  convinced  that,  with- 
out the  aid  obtained  from  my  course  in  the 
Schools,  I  could  never  have  bettered  my  por- 
tion.—Jbwjift  M.  Rikn  (P.  tB),  PiUdnirg,  Fa. 
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One  Year's 
Free  Trial 

We  wUI  ship  ■  PIANO  or  ORQAN  anywhere  upon 
.  the  dtstlitct  undcrstandlni;  that  it  it  Is  not  MtiBtac- 
toiy  to  purdiaacr  after  twelve  months*  uie,  we  will 


lake  It  back. 
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THE  ALPHABET,  AND  THE  ART  OF 
LETTERING. 


Thb  Obigin    op  Oue  Alphabbt— Picture  Words   of  tu«   Ancienth — Eovptian    Hikro- 

QLrPHICH — DlBADVANTAOES    OF    THE    CHINESE    ALPHABET — HoW    TO    RbAD. 


IS  IT  foolish  to  liope  that,  when  the  reader 
Be«e  the  title  of  this  article,  he  will  not 
tumovertha  page  in  search  of  something 
more  interesting?  Of  course,  if  he  knows 
all  he  carvs  to  about  the  twenty-six  little 
signs  that  he  learned,  when  only  about  "so 
high,"  to  repeat  from  A  to  Z,  it  will  be 
natural  for  him  to  leave  the  artide  alone ; 
but  there  are  so  few  people  who  know  any- 
thing whatever  about  them  beyond  their 
mere  position  in  the  alphabet,  that  we  ven- 
ture to  hope  he  will  have  patience  and 
stay  with  oa  for  a  few  minutes,  while  we 
endeavor  to  interest  him  in  their  history. 

No  one  will  deny  that  the  ability  to  read 
and  write  a  of  vital  importance  ;  and  it  will 

Oypvrighled.  ISSS,  hy  The  C 


be  admitted  at  once  that  it  is  absolutely 
necessary  to  know  what  the  words,  either 
read  or  written,  mean.  Yet  there  are  com- 
paratively few  people  who  know  xehy  a  word 
means  what  it  does.  Take  the  word  litho- 
graph, for  instance ;  how  many  recognize, 
every  time  they  speak  it,  read  it,  or  write  it, 
the  two  Greek  words  from  which  it  was 
derived,  namely,  lithos,  "a  atone,"  and 
grapho,  "I  write"?  And  so  with  theletters 
of  the  alphabet :  how  many,  when  lookinif 
at  the  letter  a,  rect^nize  in  it  the  Greek 
alplia,  and  then  remember  that  this  was 
derived  from  the  Hebrew  aleph,  meaning 
"ox  "7 
It  is  because  we  earnestly  wish  those  who 
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are  interested  in  practical  lettering  to  know 
more  than  merely  how  to  form  the  letters  that 
we  begin  with  a  brief  account  of  their  origin, 
not  attempting  to  deal  separately  with  each 
individual  letter,  but  to  tell  in  a  general  way 
of  the  various  stages  in  their  development, 
and  to  show  that  the  letters  now  used  are 
the  result  of  a  slow  and  gradual  growth  that 
began  thousands  of  years  aga 

Consider  for  a  moment  how  closely  the 
growth  of  the  alphabet  has  been  connected 
with  every  advance  in  the  general  intelli- 
gence of  man,  until  now  practically  every- 
thing that  is  known  is  written  down  in  one 
form  or  another,  and  that  so  plainly  and  by 
means  of  so  perfect  an  alphabet  that  the  child 
may  read  and  understand.  Compare  this 
condition  of  things  with  that  of  the  ancient 
Egyptians.  If  their  work  had  not  been  left 
in  the  form  of  imperishable  monuments  of 
stone — like  the  pyramids  and  obelisks— of 
metal  coins,  of  pottery,  and  so  forth,  we 
would  now  be  in  utter  ignorance  of  the  early 
forms  of  writing,  for  it  is  upon  them  that  we 
find  the  hieroglyphic  records  of  ancient  his- 
torical events.  Fortunately,  the  inscriptions 
upon  these  relics  of  antiquity  are  sufficient 
to  form  way-marks  through  the  centuries, 
and  to  tell  us  in  brief  the  history  of  those 
times. 

It  is  a  generally  accepted  &ct  that  writing 
began  with  rude  pictures  of  objects,  made 
for  the  purpose  of  conveying  sequences  of 
ideas,  and  hence  termed  ideographs.  The 
word  ideograph  is  derived  from  the  Greek 
idea,  which  means  the  same  as  it  does  in 
English,  and  grapho,  **I  write."  The  pic- 
tures used  gradually  became  mere  conven- 
tional signs,  and  finally  the  letters  of  an 
alphabet.  But  we  are  going  too  fast ;  the 
process  of  development  was  exceedingly  slow. 

In  speaking  of  the  writing  of  the  ancient 
Egyptians,  we  have  used  the  word  hiero- 
glyphic; this  is  derived  from  the  Greek  hieros, 
** sacred,"  and  gluphein,  "to  carve,"  and 
means  literally  **  sacred  carving  or  writing." 
The  Egyptians  used  hieroglyphics  to  repre- 
sent either  objects  or  sounds,  or  a  combina- 
tion of  both.  This  led,  as  will  be  shown,  to 
the  phonetic  alphabet  now  used.  The  word 
phonetic  is  derived  from  the  Greek  phonos^ 
"sound,"  and  means  "representing  articu- 
late sounds,  or  speech."  Here,  the  various 
signs  have  in  themselves  no  meaning  what- 
ever ;  they  merely  indicate  particular  artic- 
ulate sounds — the  number  of  possible 
combinations  of  them,  and  therefore  the 
number  of  words  that  it  is  possible  to  make 
with  them,  being  practically  infinite. 


At  the  present  time  there  is  one  great 
nation  that  has  never  advanced  beyond  the 
ideographic  period,  and  this  nation — the 
Chinese — instead  of  now  possessing  a  con- 
densed alphabet,  have,  by  gradually  adding 
character  to  character,  accumulated  a  stock 
of  over  40,000  different  and  independent 
characters,  each  representing  a  single  sense 
of  a  word.  To  show,  by  comparison,  the 
advantage  of  our  system :  A  boy  of  12  years 
in  an  American  school  reads  and  writes 
English  with  a  facility  that  would  take  a 
student  of  Chinese  twenty-five  years  to 
acquure. 

The  changes  that  gradually  transformed 
the  first  ideographs  to  the  letters  now  used 
were  of  course  very  gradual,  and  the  earliest 
of  them  we  know  nothing  of;  indeed,  we 
are  satisfied  to  carry  the  reader's  mind  no 
further  back  than  the  hieroglyphic  period 
of  the  Egyptians.  There  are  positively  no 
records,  either  in  the  form  of  inscriptions  on 
monuments  or  otherwise,  to  show  that  any 
development  of  the  ideographic  towards  the 
present  system  began  before  the  exodus  of 
the  Israelites  from  Egypt.  This  carries  us 
back  to  the  year  1491  B.C.— 3,390  years  ago— 
and  we  must  remember  that  prior  to  this 
was  the  hieroglyphic  period. 

We  are  indebted  to  the  Phoenicians — a 
people  that  occupied  a  narrow  strip  of 
country  northwest  of  Palestine,  bordering 
on  the  Mediterranean — for  the  marvelous 
developments  that  finally  led  to  the  alpha- 
bet of  today.  On  account  of  their  maritime 
knowledge,  the  Phoenicians  advanced  beyond 
the  arts  of  the  Egyptians,  and  gradually 
developed  from  ideographs  and  hieroglyphics 
certain  phonetic  signs  or  letters,  the  Qne 
system  drifting  almost  imperceptibly  into  the 
other. 

For  the  benefit  of  those  that  are  not 
familiar  with  ancient  history,  the  mention 
of  a  few  important  events  will  serve  to  make 
this  article  of  more  profit  and  interest. 
After  the  exodus  of  the  Israelites  in  1491  B.C., 
we  come  to  an  independent  alphabet  given 
by  the  Hebrews ;  this  was  followed  a  few 
centuries  later  by  the  Greek  alphabet,  as 
gradually  evolved  by  the  Phoenicians.  About 
540  B.  C.  the  empire  of  Babylon  was  estab- 
lished, and  between  that  time  and  the 
beginning  of  the  Christian  era  there  followed 
the  Medo-Persian,  Grecian,  and  Roman 
empires.  During  these  five  centuries  the 
policy  of  the  nations  was  aggressive,  as 
opx)08ed  to  the  tranquility  of  what  may  be 
termed  "hieroglyphic  Egypt,"  and  great 
changes  were  made  in  the  forms  of  writing. 
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Throngb  all  the  chsageB,  however,  the 
permeating  infiueoce  of  the  Hebrew  is  die- 
tmctly  traceable.  The  early  Hebr«w  char- 
acters were  rounded — quil*  different  from 
the  presentsquarecharactere — but  the  names 
of  the  letters  were  the  eame  as  they  are  now, 
each  letter  having  a  Btgnificant  meaning. 
Where  we,  in  onr  alphabet,  have  a,  b,  c,  d, 
the  Hebrews  have  aUph  (ox),  beth  (house), 
gimel  (camel),  daUth  (door);  the  similarity 
between  the  Hebrew  and  the  Greek  is  very 
noticeable  ;  thus,  in  Greek  we  have  for  the 
above,  alpha,  beta,  gamma,  delta;  but  these, 
unlike  Hebrew,  have  no  significant  meaning. 
It  would  beimpoBsibleinamagasinearticle 
like  this  to  show  by  means  of  illuBtiationa 
bow  various  ideojgraphs  or  hierc^lyphics 
were  gradually  changed  until  they  became 
letteraof  our  aJphabet.  Indeed,  it  is  not  pos- 
sible to  separate  and  definitely  trace  to  their 
origin  the  numerous  forms  of  writing  that 
have  existed,  people  who  claim  to  see  posi- 
tive identity  between  even  the  hieroglyphic 
and  the  Hebrew  characters  having  to  draw 
laigely  upon  their  imagination.  One  thing, 
however,  we  do  know  ;  the  great  change 
from  a  language  consisting  of  thoasanda  of 
independent  picture  words,  to  one  having  as 
a  complete  key  a  simple  alphabet  of  twenty- 
six  letters,  was  accomplished,  and  we,  with- 
out having  done  anything  but  take  what  was 
ready  prepared  for  us,  constantly  benefit  by 
it.  We  have  only  to  look  at  China  to  see  the 
fiital  consequences  of  clinging  to  the  ideo- 
graphic form.  And  in  this  connection  it  is 
interesting  to  note  in  how  many  ways  we  do 
even  now  make  use  of  ideographic  charac- 
ters; for  example,  |,  £.,  f,  fo,  =,  /,  +,  — , 
X,  -*-,  @,  are  idec^raphs ;  so  are  the  three 
balls  over  the  pawnbrokers,  the  striped  pole 
by  which  we  know  the  barber's  shop,  the 
Indian  outside  the  cigar  store ;  so  are  the 
flags  of  the  nations,  family  crests,  trade 
marks— all  of  them,  ideographs.  It  is  as  well 
therefore  to  hesitate,  before  we  smile  at  the 
ignorance  of  the  Egyptians  or  pity  their  ina- 
bilitj  to  write  in  a  manner  that  is  at  once 


intelligible  to  us.  Their  language  is  one  of 
words,  ours  is  one  of  letters ;  and  therein 
lies  the  secret  of  out  ability  to  flash  a  cable 
message  telling  those  in  the  western  hemi- 
sphere news  of  the  Orient,  bo  that  we  may 
read  of  an  event  in  the  morning  paper  at  an 
earlier  hour  in  the  solar  day  than  that  of  its 
actual  occurrence ;  it  is  these  letters  that 
make  it  possible  for  the  mere  tick  of  a  key 
and  sounder  to  be  translated  into  words  and 
sentences,  and  thus  into  a  message  that  the 
whole  world  may  partake  of  simultaneously. 
One  thing  every  one  should  guard  against, 
and  thatis,  looking  upon  words  as  mere  signs 
or  pictures,  and  forgetting  the  importance  of 
the  syllables  and  letters.  Every  word  has  a 
derivation,  a  history  ;  a  few  derivations  have 
been  given  here.  It  should  be  the  aim  of 
every  man  to  know  the  meaning  of  every 
word  he  uses  or  reads,  not  simply  "  by 
heart" — that  is,  frommemory — but  intelli- 
gently. Read  what  John  Ruskin  says  in  his 
famous  lecture  on  books  and  how  to  read 
them:  "And,  therefore,  flrat  of  all,  I  tell 
you,  earnestly  and  authoritatively  (I  Iiiow  I 
am  right  in  this),  you  must  get  into  the  habit 
of  looking  intensely  at  words,  and  assuring 
yourself  of  their  meaning,  syllable  by  sylla- 
ble—nay, letter  by  letter.  For  though  it  is 
only  by  reason  of  the  opposition  of  letters 
in  tbefunction  of  Higns,  to  sounds  in  function 
of  signs,  that  the  study  of  books  is  called 
'literature,'  and  that  a  man  versed  in  it  is 
called,  by  the  consent  of  nations,  a  man  of 
letters  instead  of  a  man  of  books  or  of 
words,  you  may  yet  connect  with  that  acci- 
dental nomenclature  this  real  principle — that 
you  might  read  all  the  hooks  in  the  British 
Museum  (if  you  could  live  long  enough), 
andremainan  utterly 'illiterate,' and  unedu- 
cated person  ;  but  that  if  you  read  ten  pages 
of  a  good  book,  letter  by  letter — that  is  to 
say,  with  real  accuracy — you  are  for  ever- 
more in  some  measure  an  educated  person. 
The  entire  difference  between  education  and 
non-education  (as  regards  the  mere  intel- 
lectual part  of  it)  consists  in  this  accuracy." 
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IT  IS  probably  safe  to  eay  that,  ae  an  edu- 
cator, no  machine   ever  invented   has 
equaled  the  bicycle.     Men,  women,  and 
even  children  have  become  amateur  mechan- 
ics on  a  small  scale  through  their  efforts  to 
effect  temporary  roadside  repairs  or  adjust 
the  bearings  of  their  wheels;    while   the 
brmer,  impressed  with  the  reports  or  the 
several  cyclists  who  daily  pass  his  houtse, 
has  finally  come  to  acknowlei^  that  even 
hit  method  of  reckoning  dis- 
tances does  not  produce 
such  uniform  results  as  the 
cyclometer. 


Of  t 
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dry  weather,  but  excellent  in  ordinary 
weather.  All  of  these  may  be  considered  as 
geological  details  that  are  of  interest  to  the 
wheelman  as  a  surveyor,  and  important  to 
him  as  a  tourist 

Unfortunately  for  the  traveler,  road  mape 
do  not,  as  a  rule,  give  all  this  information, 
and  far  too  often  they  lead  the  rider  off  the 
track  by  being  inaccurate  in  scale  and  dis- 
tance.   These  inaccuracies  are  due  to  erroTs 


lusands   of   bicyclists, 
whether  they  ride  for  recre- 
ation or  from    necessity, 
there  is  not  one  who  is  not 
Interested  in  the  distance 
he  travels,  and  in  the  grade 
and  material  of  the  road. 
To  that  estent,  therefore, 
all  may  be  said  to  become 
students  in  geography,  sur- 
veying, and  geology.     For 
long  rides  through  un- 
known territory,  road  maps 
and  explicit  directions  are 
necessary  ;   the  grade  and 
quality  of  the  road  will 
determine  the  time  required 
to  complete  the  journey, 
while  the  geological  char- 
acter of  the  districts  trav- 
eled will  materially  affect 
the  condition  of  the  roads 
during   extremely  dry  weather   and    after 
heavy  rains.     For  instance,  in  a  sandy  dis- 
trict, after  a  week  of  dry  weather,  bicy- 
cling is  decidedly  hard  work  ;  but  two  hours 
after  a  rain  the  same  roads  are  in  the  best  of 
condition.     On   the   other   hand,   a    clayey 
road  is  slippery,  soft,  and  often  unridable, 
immediately   after  a  rain,   but   remains   b^ 
hard  as  a  pavecnent  throughout  the  dry  sea- 
son.   Ordinary  loam  roads  lie  between  these, 
being  unridable  both  in  rainy  and  extremely 


of  different  surveyors  and  draftsmen  in  ma- 
king their  surveys  and  plotting  their  plans, 
and  can  be  easily  corrected  if  the  importance 
of  the  work  demands  it,  which,  as  a  rule,  it 
does  not.  Now,  every  man  who  rides  a 
bicycle,  and  has  attached  to  it  a  cyclometer 
that  registers  the  distance  traveled,  possesses 
suflicient  instruments  to  measure  and  lay 
out  a  map  of  the  country  over  which  he 
travels,  and  thus,  should  he  so  desire,  to 
make  a  surveyor  of  himself. 
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Trae,  thie  map  will  not  be  sufficieoUy 
accurate  to  serve aa  a  guideinlaying out  farm 
lande,  but  its  dietancee  expressed  from  town 
to  town  will  be  far  more  accurate  than  tbe 
traditione  preserved  among  the  fanners  them- 
selves. Fig.  1  is  a  map  of  a  portion  of 
Luzerne  County,  Pa. ;  it  was  made  trom  the 
United  States  Topc^rapfaical  Survey,  and  is 
as  accurate  as  ponible  in  every  respect. 
■Such  a  map,  although  it  costs  an  enormous 
sum  to  produce,  and  though  complete  in 
every  detail,  is  almost  useless  as  a  prac- 
tical road  map,  because  its  network  of  roads 
and  cross-roads  and  contour  lines  causes  as 
much  confusion  as  assistance.  Besides  this, 
there  is  no  way  of  telling  the  number  of 
miles  from  one  place  to  another  without 
considerable  scaling,  while  information  as 
to  the  quality  of  the  road  i8  entirely  lack- 
ing. The  chief  commendation  for  this  style 
of  map,  then,  is  its  accuracy.  In  Fig.  2 
is  shown  a  map  of  the  road  from  the  city  of 
Wilke8-BaiTe,Pa.,toBhawne9e  Lake, drawn 
from  notes  and  measurements  made  with  no 
other  inatraments  than  a  bicycle  and  a 
cyclometer.  A  comparison  of  this  road 
between  Wilkes-Barre  and  Dallas,  with  that 
shown  on  the  map  in  Fig.  1,  will  illustrate 
the  degree  of  accuracy  such  n  survey  may 
attain ;  and,  for  all  practical  purposes,  the 
map  shown  in  Fig,  2  is  just  as  good  and  in 
many  ways  better  than  the  government  sur- 
vey. Besides,  Fig,  2  is  more  up  to  date  than 
Fig.  1,  as  it  was  made  four  years  after  the 
government  survey,  and  could  as  a  matter  of 
(act  be  measured,  noted,  and  completed 
before  a  survey  such  as  shown  in  Fig.  1 
could  he  measured  around  the  first  square 

Now  let  us  consider  the  method  of  pro* 
cedure  by  which  the  bicyclist  may  become 
a  surveyor  and  thereby  able  to  convert  the 
results  of  each  trip  over  a  new  road  into  a 
piermanent  record  for  future  use.  In  the 
first  place,  a  word  about  the  cyclometer  and 
ita  value  as  a  surveying  instrument :  A 
cyclometer  Is  not  what  matliemati clans 
woold  call  an  instmment  of  precision,  like 
the  transit,  the  level,  or  even  the  surveyor's 
compass.  It  will  record  with  an  error  of 
abcmt  1  per  cent,  when  working  at  its  best, 
SDd  under  certain  cu'cumstances  the  error 
will  be  increased  to  3  per  cent.  This  error 
is  doe  to  the  relation  between  the  diameter 
of  the  bicycle  wheel  and  the  number  of 
revolutions  which  will  cause  the  cyclometer 
to  record  1  mile..  The  usual  cyclometer, 
deeigsed  for  a  2S-inch  wheel,  requires  720 
revolotions  of  the  wheel  of  the  bicycle  to 


cause  it  to  record  1  mile ;  but,  owing  to  the 
deflation  of  the  tire  and  the  weight  of  therider, 
the  wheel  may  be  but  27..')  inches  in  effective 
diameter,  and  the  cyclometer  will  record 
1.019  miles  for  each  miieridden,  or  101.9  miles 
for  each  100  miles  traveled.  In  addition 
to  this  error,  the  bicycle  actually  travels 
farther  than  the  true  lei^h  of  I  he  road 
itself,  owing  to  the  fact  that  the  rider  con- 
tinually crosaes  and  recrossee  the  road  in 


order  to  select  the  best  parts  for  cycling,  and 
this  error,  varying  as  it  does  according  to 
the  character  of  the  road,  will  amount  to 
about  2  or  :i  per  cent,  more.  Therefoiv, 
before  we  start  on  our  survey,  we  will  assume 
that  our  cyclometer  measurements  will  nil 
be  5  per  cent,  in  excess  of  the  atlual 
diatancea  Imveled.  If  the  bicycle  surveyor 
be  an  experienced  rider,  his  map  m.iy  be 
so  plotted  that  grades  and  conditions  of 
road  may  be  readily  expressed,  and  other 
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inforTDEition  never  found  on  the  most  accu- 
rate of  mapB  may  be  added  aa  a  guide  to  the 
future  traveler. 

The  method  pursued  in  this  work  is  some- 
what aimilar  to  that  followed  by  the  army 
in  making  military  surveys.  Odometers 
attached  to  the  wheels  of  wagons  or  other 
vehicles,  pedometers  carried  in  the  pockets  of 
marching  soldiers,  and  even  cyclometers  on 
bicycles  sre  used  at  the  present  time  to  make 
surveys  of  roads  and  territory  for  the  uee 
of  a  moving  army.  In  practical  work  the 
signal  corps  and  eurveyors  move  one  or  more 
days  in  advanceofthearmy,  survey  the  roada 
and  eurronnding  country,  leaving  with  or 
sending  to  the  commandingofficer  in  the  rear 
a  reconnaissance  map  of  same.  In  some 
instances  it  has  been  desirable  that  the  field 
telephone  and  telegraph,  laid  by  the  signal 
corps  as  they  march,  should  be  used  to  com- 
municate the  survey  notes  back  to  headquar- 
ters, where  a  preliminary  map  is  plotted. 
Thus,  in  military  surveying,  it  will  appear 
that  the  notes  must  be  extremely  simple,  and 
the  method  oftakingthem  rapid  and  positive. 
The  method  of  bicycle  surveying  here 
explained  is  simpler  than  even  military 
work,  as  from  the  former  is  eliminated 
entirely  the  use  of  surveying  instruments, 
such  as  the  compass,  sextant,  hand  level, 
etc.,  which  military  surveyors  depend  upon 
extensively.  The  notes  in  this  work  are 
simpler,  as  tbey  appertain  almost  exclusively 
to  road  surveying,  while  the  military  map 
must  show  other  details,  such  aa  ta.rm  lands, 
grain  fields,  orchards,  cattle  houses,  poultry 
yards,  etc.,  to  furnish  information  of  value 
to  foragera,  which  would  not  be  required  by 
the  tourist. 

The  next  detail  to  consider  is  the  note 
book.  This  should  be  long  and  narrow, 
with  two  parallel  lines  ruled  down  the 
center  of  the  page  to  represent  the  road. 
Stenographers'  note  books  serve  the  purpose 
admirably ;  these  are  about  4}  inches  wide 
and  8  inches  long,  and  are  ruled  across  the 
page  with  lines  about  h  inch  apart ;  the  two 
parallel  lines  down  the  center  of  each  page 
can  be  ruled  with  either  pencil  or  pen',  and 
the  book  is  then  ready  for  the  trip.  A 
piec6  of  board,  the  same  size  as  the  book, 
should  be  secured  to  the  handle  bars,  and 
th6  book  laid  on  and  bound  fast  with  rubber 
bands.  A  bicycle  watch  on  the  handle  bar 
la  alflo  a  great  convenience,  but  by  no  means 
a  necessity. 

The  arrangement  will  now  look  somewhat 
as  in  Fig,  3.  At  a  is  the  cyclometer,  the 
record  of  which  should  be  easily  read  by 


leaning  over  the  handle  bars ;  at  6  is  the 
note  book,  and  at  s  is  the  watch,  which  will 
act  as  a  check  on  the  cyclometer  and  grade 
notes.  Now,  we  will  assume  that  the 
bicycliat  is  out  on  a  trip  with  a  number  of 
other  enthusiasts,  and,  therefore,  will  be 
unable  to  stop  and  make  any  individual 
measurements  of  the  roads  and  landmarks 
which  he  pasaes.  All  notes  muat  be  made 
awheel,  and  information  recorded  without 
alackening  speed.  Before  he  starts,  the 
register  of  the  cyclometer  is  observed,-  and 
written  on  the  loweat  line  of  the  note  book 
and  ia  found  to  be  2,388.8  miles,  as  shown 


in  Fig.  4.  In  recordlnic  aubaequent  cyclom- 
eter readinga  it  will  not  be  necessary  to  note 
the  thousands  and  hundreds  of  railea,  except 
when  these  figures  change. 

The  surveyor  starts  out  through  the  main 
street  of  Wilkes-Barre,  and  aa  he  croseea 
the  river  he  notes  that  his  cyclometer  reads 
2,389,05  miles,  and  on  the  second  line  from 
the  l)ottom  he  marks  thia  record,  aa  shown 
in  Fig.  4,  and  at  the  same  time  draws  two 
wavy  lines  across  the  rood  to  indicate  that  It 
was  while  crossing  the  river  that  he  recorded 
thisreeding.  Soon  hearrivesattheKingston 
cross-roads,  and  there  turns  to  the  right ; 
his'cyclometer  reading  is  recorded  as  90.24, 
and,  branching  from  the  right  of  the  central 
column  of  his  note  book,  he  indicates  the 
road  he  takes  with  an  arrowhead  as  shown, 
while  on  the  left  be  shows  a  similar  cross- 
road with  no  arrow.  Observe,  also,  that  his 
note  book  doea  not  ahow  this  croes-road  as 


SURVEYING  WITH  BICYCLE  AND  CYCLOMETER, 


103 


branching  at  a  right  angle  from  the  road  he 
is  traveling,  but  is  drawn  according  to  his 
judgment,  at  about  the  angle  it  actually 
makes.  On  the  opposite  side  of  the  road,  on 
the  comer,  is  an  old  tavern,  and  he  marks  a 
rectangle  to  indicate  it  in  his  notes  as  shown. 
Village  streets  branch  from  the  main  road 
through  Kingston,  and  these  he  indicates  as 
he  passes  as  shown  in  the  notes  at  cyclometer 
readmgs  90.39  and  90.44.  At  90.99  he  arrives 
at  the  village  of  Dorrance,  takes  the  left 
branch,  and  rides  straightaway  to  91.86 — in 
the  village  of  Luzerne — where  he  takes  the 
left  branch  for  a  little  way  and  then  at  92.25 
the  road  itself  turns  slightly  to  the  right. 

This  indication  of  a  bend  in  the  road  is 
made   simply  by  drawing,  in  the  central 
column,  two  straight  lines,  intersecting  at 
about  the  angle  of  the  bend  of  the  road,  as 
shown  in  Fig.  4.    In  general  practice,  slight 
bends  in  either  direction  are  not  considered  ; 
bat,  where  a  bend  or  a  branch  of  the  road  \b 
but  a  trifle  less  or  a  trifle  more  than  a  right 
angle,  this  shortage  or  excess  should  be  indi- 
cated by  a  plus  or  minus  sign,  as  shown  on 
the  branches  at  Kingston  and  Dorrance  90.24 
and  90.99.    At  92.70  the  road  bends  to  the 
left,  and  at  92.80  it  turns  to  the  right,  while 
at  93  it  turns  at  right  angles  as  indicated. 
At  94.15  the  road  forks,  and  the  tourist  takes 
the  right  fork,  as  indicated  by  the  arrow. 
Soon  he  crosses  a  stream,  as  indicated  by 
the  wavy  line  at  94.58,  and  -j^  of  a  mile 
beyond  he  passes  through  Truckville,  and 
takes  the  right  fork  of  the  road  out  of  that 
village.    At  96.72  there  is  a  branch  road 
back  and  to  the  left,  which  the  rider  takes. 
At  97.93  there  is  a  Similar  branch  road  to  the 
left,  and  at  98.10  there  is  a  branch  road  to 
the  right  in  the  village  of  Dallas. 

We  have  only  considered  here  the  dis- 
tances and  the  roads,  while  on  the  left  of  the 
note  book  are  a  number  of  entries  of  land- 
marks that  give  additional  value  to  the 
directions  when  used  by  some  one  else  than 
the  original  surveyor.  The  cross-hatched 
line  at  92.25  indicates  that  there  is  a  railroad 
crossing  there.  At  Mill  Hollow  is  shown  a 
small  rectangle  to  the  right  of  the  road, 
while  marginal  notes  on  the  left  of  the  page 
indicate  what  stands  in  the  place  so  marked. 
The  time  of  arrival  at  and  departure  from 
different  places,  as  marked  on  the  left  of 
the  page,  is  also  of  value,  as  showing  the 
general  character  of  the  roads  traversed.  For 
instance,  fix)m  Wilkes-Barre  to  Kingston,  a 
distance  of  IJ  miles,  covered  in  7  minutes, 
indicates  a  good  piece  of  fairly  level  road, 
and  the  same  may  be  said  of  the  stretch 
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from  Kingston  to  Luzerne ;  but  the  distance 
from  Luzerne  to  Ice  Cave,  2i  miles,  required 
35  minutes,  which,  together  with  the  fact 
that  a  rest  of  15  minutes  was  taken  at  Ice 
Cave,  would  indicate  a  rough  road  traveled. 
The  circles  with  dots  in  the  center  indicate 
the  position  of  the  sun,  at  various  points  on 
the  road,  so  that,  with  the  notes  regard- 
ing the  time  of  arrival  at  different  stations, 
a  fair  idea  of  the  points  of  a  compass  may  be 
obtained.  At  the  start  the 
sun  was  directly  behind  and 
shining  down  the  street  at 
9:30  in  the  morning,  which 
would  indicate  that  the  road 
ran  northwest  and  southeast. 
From  Kingston  to  Luzerne  the 
sun  was  on  the  right,  while, 
before  taking  the  right  fork 
beyond  Truckville,  the  sun 
was  on  the  left.  At  Dallas, 
where  stop  was  made  for 
dinner  between  noon  and  1 
o* clock,  the  sun  was  in  the 
direction  shown  by  the  circle 
and  arrow,  which  may  be  con- 
sidered as  due  south.  Other 
details  of  the  notes  will  be  con- 
sidered during  the  explanation 
of  the  plotting  of  the  map. 

As  a  usual  thing  it  is  desir- 
able that  the  bicyclist  surveyor 
should  travel  homeward  by 
another  road,  so  as  to  continue 
his  notes  and  make  his  round 
trip  a  complete  survey  without 
repetition ;  but  we  will  not 
concern  ourselves  with  the 
return  trip  at  present,  but 
proceed  to  plot  our  map  from 
his  notes  here  given. 

A  scale  of  1  inch  to  the  mile 
is  a  good  size  for  practical 
purposes,  and  we  will  proceed 
on  this  scale  to  draw  a  map. 
It  is  apparent  from  our  notes 
that  the  road  from  Wilkes- 
Barre  to  Kingston,  IJ  miles 
in  length,  is  practically 
straight ;  therefore,  we  measure  off  IJ  inches 
on  our  drawing  paper  and  lay  off  this  piece 
of  road,  marking  in  small  numbers  the 
beginning  of  it  as  2,388.8  and  the  end  of 
it  90.24,  as  shown  in  Fig.  5.  Somewhat 
more  than  i  mile  out,  we  cross  the  Sus- 
quehanna River;  therefore,  at  89.05  we 
draw  the  river  crossing  the  road  at  right 
angles.  At  station  90.24  we  indicate  the 
road  branching  to  the  right  and  left,  and 


Fig.  5. 


continue  the  right  branch  until  it  measures 
3  miles  from  the  beginning.  This  takes  us 
to  the  village  of  Dorrance,  which  is  marked 
in  our  notes  as  90.99,  where  we  turn  to  the 
left  at  an  angle  slightly  in  excess  of  a  right 
angle,  as  indicated  by  the  plus  mark,  and 
plot  our  road  to  91.85;  here  the  road  forks 
to  the  left,  and  we  continue  through  Mill 
Hollow,  a  small  settlement  that  evidently 
takes  its  name  from  an  old  mill  on  the  right 
of  the  road,  as  indicated  by 
the  notes.  Here  the  road 
crosses  a  small  stream,  turns 
to  the  right,  and  at  station  93 
takes  a  sharp  turn  at  right 
angles  to  the  left,  which,  with 
a  subsequent  half  turn  to  the 
left,  and  two  half  turns  to  the 
right,  brings  us  to  another 
small  settlement  called  Ice 
Cave,  94.15.  About  2  miles 
from  here,  after  crossing  a 
small  creek,  we  arrive  at 
Truckville,  indicating  the 
creek  by  a  wavy  line,  and 
then  plot  the  road  to  Dallas. 
The  creek  may  now  be  con- 
7a  tinned  parallel  to  and  on  the 
right  side  of  the  road  and  up 
to  95.63,  where  it  crosses  the 
road  to  the  left  side,  but 
recrosses  and  returns  almost 
immediately.  When  the 
cross-road  at  Dallas  is  plotted, 
particular  attention  must  be 
given  to  its  direction,  as, 
according  to  the  indicated 
position  of  the  sun  in  the 
notes,  this  road  should  run 
north  and  south,  and  any 
errors  in  the  previous  lines 
should  here  be  corrected. 

The  rest  of  the  road  up  to 
the  lake  is  similarly  plotted 
and  the  road  around  the  lake 
sketched  in ;  then  the  lake 
itself  may  be  drawn,  as  the 
road  extends  along  its  border 
and  is  governed  largely  by  the 
outline  of  the  lake  itself.  Thus,  a  complete 
and  satisfactory  survey  of  the  road  may  be 
plotted  in  an  hour,  from  notes  which  were 
taken  without  the  slightest  loss  of  time  on 
the  trip.  Subsequent  trips  and  similar  sur- 
veys of  other  roads  in  the  vicinity,  when 
plotted,  will  be  found  to  fit  in  one  with 
another,  and  thereby  make  a  most  satis&c- 
tory  map,  as  shown  in  Fig.  2.  The  bicyclist 
is  rendered  more  observing  by  work  of  this 
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character,  he  sees  every  detail,  he  notes 
every  bend  in  the  road,  and  in  a  short  time 
he  unconsciously  searches  for  some  land- 
mark by  which  he  can  identify  a  certain 
piece  of  road,  either  for  his  own  or  some  one 
else's  use.  In  making  notes  on  a  trip,  it 
is  always  wise  to  assume  a  certain  definite 
angle  which  will  indicate  a  bend  in  the  road. 
Where  a  road  crosses  or  changes  its  direc- 
tion at  right  angles  to  the  course  pursued  by 
the  rider,  the  record  is  not  difficult ;  and 
even  where  the  deviation  or  crossing  is  at  an 
angle  of  45°,  there  is  little  chance  of  error ; 
but  for  angles  between  these  it  requires  a 
trained  eye  to  judge  them  with  accuracy,  and 
they  should  be  recorded  as  45°  or  90°  turns, 
according  to  which  they  are  nearer  to ;  but  a 
slight  deviation  from  a  right  angle  should  be 
indicated  where  such  exists,  and  a  plus  or 
minus  sign  marked,  in  order  that  the  figures 
may  plot  more  ratisfactorily.  Always  note 
everything  possible.  On  a  road  map,  a  land- 
mark is  often  more  important  than  roadbed 
or  distances.  At  every  cross-road,  fork,  or 
abrupt  turn,  identify  a  landmark.  This  may 
consist  of  an  **  old  tree,'*  a  **  church,"  a  **red 
bam,"  a  **  stone  mill,"  or  any  object  which 
may  in  a  few  words  be  described  as  a  monu- 
ment to  locate  a  particular  point  in  the  survey. 
Always  show  streams  of  water  when  they 
ran  parallel  to  or  across  the  road,  and  indi- 
cate which  way  they  fiow,  for  such  details 
give  information  as  to  the  grade.    Where  a 


road  is  through  a  thick  wood,  indicate  the 
fact,  as  such  a  road  is  seldom  ridable  after 
heavy  rains,  and  is  usually  in  good  condition 
when  other  roads  are  dry  and  sandy.  Be 
sure  to  show  springs,  water  troughs,  etc.,  as 
they  serve  as  resting  places  where  refresh- 
ments may  be  taken,  and  at  the  same  time  act 
as  landmarks  to  assure  the  traveler  that  he  is 
on  the  right  road  according  to  his  map  and 
directions.  The  complete  bicycle  survey  of 
this  road,  as  far  as  recorded  in  our  notes,  is 
shown  between  a  and  h  in  Fig.  2,  together 
with  other  surveys  made  of  neighboring 
roads.  Note  the  location  of  streams  and 
connections  from  streams  of  one  survey  to 
similar  ones  in  the  next,  thus  completing 
these  little  waterways  and  showing  the 
grades  of  the  locality.  All  of  this  may  seem 
a  great  deal  to  do  when  a  man  is  on  a  plea- 
sure trip,  and,  to  a  certain  extent,  it  is  ;  but 
it  gives  him  educational  as  well  as  recrea- 
tional benefits  from  the  trip,  and  he  is 
putting  his  efibrts  to  practical  use.  In  a  ride 
of  18  miles  it  certainly  will  not  require  much 
efibrt  to  make  two  or  three  note-book  entries 
each  mile,  when  the  book  is  strapped  in  front 
ready  to  receive  them,  and  yet  that  is  about 
what  the  entries  average  in  the  accompany- 
ing illustration.  Let  the  scheme  once  be 
tried,  and,  after  an  honest  efibrt  at  making  a 
bicycle  survey,  few  men  wDl  give  up  the 
work,  as  it  possesses  a  fascination  second 
only  to  bicycling  itself. 


IN  THE  ^A^ORKSHOP. 

{Continued  from  the  March,  1899,  Nurnber.) 
H.  Rolfe. 

Rembdibs  for  a  Slipping  Bblt — Care  and  Management  op  Belting — Hair  Versus  Flesh 
Side  of  Leather — Unsteady  Running — Taking  Up  for  Stretch. 


iiHTE  WERE  talking  the  other  day," 
YV  said  Tom  (continuing  the  conver- 
sation recorded  in  our  last),  "about 
wrought-iron  pulleys  whose  rims  were  in 
bad  shape.  I  should  think  that,  where  a 
rim  was  hollow  or  where  its  diameter  was 
greater  on  one  side  than  on  the  other,  the 
pulley  might  be  made  serviceable  by  gluing 
around  it  a  piece  of  leather,  of  such  width 
and  thickness  as  to  correct  the  error  in  the 
rim  itself;  after  the  glue  has  set,  the  leather 
coold  be  parejl  down  so, as  to  have  the 
jMX>per  profile." 


**  Well,"  said  Blunt,  "in  a  case  like  that, 
always  figure  the  cost  first ;  if  you  think  it 
will  pay,  why,  do  it ;  if  not,  get  another 
pulley.  Where  a  rim  is  exactly  the  right 
shape,  a  leather  covering,  to  increase  the 
driving  power,  is  all  well  and  good ;  other- 
wise, it's  a  botch  job  ;  and  as  a  general  rule 
the  most  economical  thing  to  do — in  the  long 
run — is  to  put  up  a  new  pulley.'* 

"  Yes,  sir,  I  guess  that's  so.  By  the  way, 
about  cleaning  and  caring  for  belts :  you 
promised  to  give  me  some  pointers  in  that 
direction." 
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**Well,  I'm  glad  to  see  you  haven't  for- 
gotten it,  for  there's  lamentable  waste  m 
some  shops  through  neglect  in  that  direction. 
A  belt,  after  being  in  use  for  a  time,  acquires 
a  hard,  smooth  surface.  Then,  naturaUy,  it 
begins  to  slip,  which  makes  the  surface  worse. 
Then  the  man  in  charge  tightens  it  up.  The 
improvement,  if  there  is  any,  is  only  tempo- 
rary ;  so,  very  soon,  more  tightening  is 
resorted  to.  But  this  tightening  of  the  belt 
means  more  pull  on  the  bearings — both  when 
working  and  also  when  running  on  the  loose 
pulley,  and  this  means  a  waste  of  power  and 
oil — an  especially  unnecessary  waste  when 
the  belt  is  on  the  loose  pulley  ;  it  would  be  a 
good  thing,  in  fact,  if  the  tension  could  then 
be  released  altogether." 

**  Why  not  make  the  loose  pulley  a  trifle 
smaller  in  diameter  than  the  fast  one?  " 

'*  Well,"  said  Blunt,  **  as  a  matter  of  fact, 
that  is  done  on  some  jobs.  You  will  find  an 
instance  on  the  traveling  crane  in  the  erect- 
ing shop.  The  belt  pulleys  for  traveling, 
cross-traversing,  and  hoisting  are  arranged 
in  that  way.  The  loose  pulleys  are  all  16 
inches  in  diameter ;  while  the  belt  is  on  one 
of  them,  it  is  comparatively  slack  ;  the  fast 
pulleys  are  16^  inches  in  diameter,  and  are 
beveled  down  on  the  inner  edge,  so  that  the 
belt  shifter  has  no  difficulty  in  sliding  the 
belt  on  to  the  larger  pulley,  where  it  inmie- 
diately  becomes  taut  enough  to  take  hold  of 
its  load." 

'*  But  don't  you  think  it's  a  bad  thing  for 
the  belt  itself  to  vary  the  strain  on  it  in  that 
way  ?  Wouldn't  it  last  longer  if  kept  at  the 
same  tension  all  the  time?  Take  the  case  of 
a  fiddle  string:  it  doesn't  do  to  let  that 
down  every  time  you  stop  playing.  I  hap- 
pen to  know  that,  because  my  brother,  who 
tortures  the  catgut  under  the  impression 
that  he's  making  music,  used  to  slack  his  E 
string  down  before  putting  the  instrument 
away  for  the  night,  and  soon  found  that  the 
next  time  he  played  he  was  sure  to  have 
trouble  trying  to  keep  that  string  up  to  con- 
cert pitch.  The  only  way  to  make  it  hold 
its  note  was  to  keep  it  right  up  to  pitch  all 
the  time." 

**That  may  be  so,"  said  Blunt,  "but  a 
fiddle  string  isn't  a  leather  belt ;  we  don't 
want  to  keep  a  belt  in  tune;  the  object  is  to 
make  it  laM  as  long  as  possible,  and  I'll  bet 
dollars  to  doughnuts  that  a  leather  belt  will 
last  longer  if  slacked  off  when  not  in  use. 
This  might  or  might  not  be  so  if  there  was 
merely  a  straight  pull  throughout  the  length 
of  the  belt ;  it  is  the  continual  bending  and 
unbending  around  the  pulley  that  wears  the 


belt  out,  and  the  less  the  pull  the  less  this 
bending  effect ;  in  any  case,  however,  there  is 
a  saving  in  oil,  and  less  wear  on  the  bearings. 
But  we  are  getting  away  from  the  subject 
I  was  speaking  of  the  very  bad  practice  of 
continually  tightening  up  a  belt  to  make  it 
do  its  work.  Now,  instead  of  doing  this,  you 
should  take  the  belt  Uself  in  hand,  and 
restore  its  proper  surface.  Any  belt,  after 
being  in  use  for  a  certain  length  of  time,  will 
get  smooth  and  hard.  Wait  till  shutting- 
down  time  on  Saturday  afternoon ;  then 
wash  the  belt  well.  Use  warm  water,  with 
a  little  soda,  and  let  it  soak  well  into  the 
surface  of  the  belt.  You'll  find  that  the  dirt 
and  stuff  will  come  off  readily  enough,  and 
leave  the  surface  of  the  belt  clean.  Let  it 
dry  thoroughly,  and  on  Monday  morning, 
before  starting  up  again,  give  it  a  good  coat 
of  dubbing.  Belts  that  run  in  warm  places, 
such  as  engine  rooms,  will  naturally  get  dry 
sooner  than  others,  and  will  be  all  the  bett^ 
for  a  coat  of  dubbing  every  three  or  four 
months.  Dubbing  to  a  dry  belt  is  like  water 
to  a  parched  soil. 

Sometiipes  you  are  bothered  with  oiZ  on  a 
belt ;  maybe  the  cup  on  a  loose  pulley  leaks 
and  lets  the  oil  down  the  arms  on  to  the 
rim ;  or  it  works  out  of  a  bearing  and  travels 
along  the  shaft  and  so  reaches  the  pulley. 
Dynamo  tenders  could  weep  with  you  on 
this  score.  A  dose  of  powdered  chalk  will 
mend  matters ;  don't  put  it  on  with  a  shovel, 
though  ;  keep  it  in  a  tin  can  that  has  half  a 
dozen  holes  punched  in  the  lid. 

"It  always  pays  to  look  after  belts, 
especially  those  that  have  continuous  hard 
work  to  do.  About  every  eight  or  nine 
months,  give  every  belt  a  coating  of  dubbing, 
and  then  put  on  two  or  three  coats  of  boiled 
linseed  oil.  The  dubbing  preserves  the 
leather,  and  keeps  it  soft  and  pliable ;  the 
oil  oxidizes  and  forms  a  gummy  sur&ce  on 
the  belt — a  sticky,  clammy  surface  which 
holds  on  to  the  pulley  in  great  shape.  You 
can  easily  picture  to  yourself  how  such  a 
surface  lies  down  upon  and  clings  to  the  foce 
of  the  pulley,  coming  in  close  contact  every- 
where, like  a  boy*  s  leather  sucker  on  a  brick.  * ' 

**  Talking  of  surfaces,  what  is  your  opinion, 
sir,  about  running  the  belt  with  its  hair  side 
against  the  pulley,  instead  of  the  flesh  side?" 

"Well,"  said  Blunt,  "it  always  seems  to 
me  wrong  to  run  the  hair,  or  grain,  side  next 
to  the  pulley.  It's  working  against  nature. 
If  you  take  a  piece  of  leather  and  bend  it 
first  one  way  and  then  the  other,  you  will 
find  that  it  bends  much  more  easily  when 
the  flesh  side  is  inwards,  and  it  is  perfectly 
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natural  that  it  should,  too,  for  that  ifi  how  it 
had  to  bend  when  it  was  on  the  cow.  No, 
I'm  talking  seriously.  Take  a  thin  strip  of 
leather,  and  stretch  it  forcibly ;  then  lay  it 
down  on  the  bench  and  watch  it ;  soon  you 
will  see  it  begin  to  curl  up  with  the  flesh 
side  inwards.  All  this  points  to  the  pro- 
priety of  running  the  flesh  side  next  the 
pulley,  so  that  the  continual  bending  shall 
be  in  the  direction  that  is  natural  to  the 
leather  itself.** 

*'  That  seems  plausible  enough,"  said  Tom, 
"butTve  heard  that  the  driving  power  is 
greatest  with  the  hair  side  next  the  pulley — 
as  much  as  30  per  cent,  more,  some  say.** 

**  Well,  perhaps  so,  but  I  can*t  see  where 
the  extra  holding  power  of  the  hair  side 
comee  in,  unless,  being  smoother  and  more 
even,  the  contact  is  more  perfect.  But  the 
tensile  strength  of  the  belt  is  reduced  by 
bending  it  against  the  grain.  Then  again, 
by  a  proper  use  of  dubbing  and  boiled 
linseed  oil,  as  already  explained,  the  flesh 
side  can  be  very  much  improved  ;  the  treat- 
ment *  kinder*  fills  up  the  cracks  and 
uneven  places,  and  produces  an  A-1  surface. 
Anyway,  whatever  else  you  may  do,  keep 
the  resin  keg  under  lock  and  key  and  have  a 
savage  dog  alongside  to  guard  it.** 

*'A11  right,  sir,**  said  Tom,  laughing  at 
his  foreman*  s  emphatic  utterance.  '^  By  the 
way,**  he  went  on,  **I  was  in  the  North 
works  the  other  night — ^they  were  working 
overtime — and  I  noticed  that  the  main  dri- 
ving belt  in  the  turnery  ran  very  unsteadily  ; 
the  slack  side  had  a  kind  of  wavy  motion, 
up  and  down.  What  do  you  suppose  caused 
it  to  run  like  that?*' 

"Well,**  said  Blunt,  "there  are,  in  the 
main,  two  things  that  will  cause  it:  the 
engine  doing  irregular  work ;  and  the  ofl'-take 
of  power  from  the  driven  shaft  being  uneven. 
We'll  take  the  engine  first :  If  one  side  of 
the  piston  is  getting  more  steam  than  the 
other,  impulses  will  be  generated  that  will 
give  the  flywheel  an  uneven  speed — ^unless 
the  wheel  \b  heavy  enough  to  counteract  the 
tendency — and  this  *  snatching*  action  will 
be  communicated  to  the  main  shaft,  and  so 
caiue  the  belt  to  undulate  on  the  slack  side, 
and  sometimes,  if  severe  enough,  on  the 
tight  side  too. 

"Then,  with  regard  to  the  driven  shaft, 
if  this  is  belted  up  to  a  machine  that  takes 
the  power  ofl*  at  successive  intervals  instead 
of  continuously — as,  for  instance,  when  dri- 
ving a  circular  cold  saw  where  the  saw  is  out 
of  tnie  and  cuts  during  only  a  part  of  each 


revolution — the  belt  will  soon  begin  to  undu- 
late, and  the  only  way  to  prevent  it  is  to 
true  up  the  saw.*' 

*^I  see.  But  with  regard  to  the  engine, 
why  is  one  end  of  the  cylinder  allowed  to 
do  more  work  than  the  other?  '* 

'  ^  It  shouldn't  be.  But  getting  more  eteam 
doe8n*t  necessarily  mean  doing  more  work, 
unless  it*s  the  front  end  of  the  cylinder  that 
gets  it.  You  see,  the  crank-side  of  the  piston 
.  has  less  efi*ective  area  than  the  front,  owing 
to  the  presence  of  the  piston  rod.  Now,  by 
an  unhappy  coincidence,  it  is  this  very  side 
that  gets  the  least  steam,  owing  to  the  fact 
that  the  action  of  the  connecting  and  eccen- 
tric rods  effects  an  earlier  cut-ofi^  at  the 
crank-end,  the  piston* s  motion  being  slower 
and  the  valve*  s  quicker  than  at  the  front 
end.  This  can  be,  and  of  course  is,  remedied 
by  the  valve  Better ;  in  fact  I  always  used  to 
give  a  little  more  steam  at  the  crank  end  to 
make  up  for  the  piston  rod*s  being  there — 
a  proceeding  doubly  necessary  in  a  vertical 
engine,  where  the  moving  parts  have  to  be 
lifted  every  time. 

*'  But  there  is  still  another  thing  that  will 
cause  a  belt  to  undulate,  and  that  is  an 
unbalanced  pulley.  A  pulley  should  be 
perfectly  balanced  before  it  is  put  up,  other- 
wise, in  attempting  to  rotate  around  its  own 
center  of  gravity,  it  will  cause  the  shaft  to 
wabble  and  the  belt  to  run  unsteadily.** 

"  How  about  the  stretch  of  belts,  sir  ?  Our 
belt  tender  says  that  it  doe8n*t  matter  who 
you  get  them  from,  they  all  need  frequent 
taking  up  for  the  first  month  or  two.** 

"Yes,**  said  Blunt,  "they're  all  alike  in 
that  respect.  A  leather  belt  that  won't 
stretch  is  about  as  great  a  rarity  as  an  all- 
wool  shirt  that  won't  shrink.  The  fact  is, 
the  only  way  to  stretch  a  belt  is  to  run  it  on 
pulleys  and  do  work  with  it ;  so,  whatever 
the  makers  may  say  about  the  belt  being 

*  non-stretchable,'  you  must  expect  to  have 
to  take  it  up  after  two  or  three  days'  run- 
ning, and  then  at  intervals  for  the  next  few 
months.  Link  belts  are  particularly  bad 
offenders  in  this  respect ;  you  see,  every  one 
of  the  numerous  pins  'sets'  a  little  in  its 
link,  under  the  pull,  the  aggregate  amount 
being  considerable.  In  an  80-foot  link  belt, 
you  will  be  lucky  if,  during  the  first  two 
weeks,  you  don't  have  to  take  out  at  least  a 
foot  of  stretch.  There's  one  thing,  though, 
it's  easier  to  shorten  a  link  belt  than  an  ordi- 
nary ODe,  which  again  goes  to  prove  that 

*  there's  a  bright  side  to  everything,'  even  to 
a  leather  belt." 


( To  be  Oontinurd. ) 


SLIDING  FRICTION. 


a.  H«rb«rt  I^oIIowb. 


A   CONSIDBRATION   ( 


■■  TiiR  Wbi.l-Known  Laws  Wfich  Govbbn  Kbhistanck  Due 
Friction — How  to  Ubb  a  Coefficiknt  ok  FfirtTinN. 


PRESS  together  the  palms  of  your  hands, 
then  try  to  slide  one  palm  over  the 
other.     You  find  that  before  sliding 
begins  you  have  to  overcome  a  resistance, 
and  that  the  more  forcibly  you  preae  them 


together  the  greater  the 


balled  up,"  Some  of  the  liguree  that  havf 
been  put  on  hoisting  mechanisms  are  traly 
wonderful  in  their  simplicity.  Here  ie  a 
favorite  way  of  calculating  the  lifting  capac- 
ity of  the  winch  shown  in  Fig.  I,     Neglect- 


every  one  knows,  this  resistance  is  called 
frietion.  To  distinguish  this  particular  kind 
of  friction  from  others — euch  aa  ToUing  fric- 
tion— it  is  called  $liding  friction. 

Tbe  purpose  of  this  article  ia  to  point  out 
in   a   practical  manner  the  influence  that      pounds 
sliding  friction  has  on  tbe  design 
and  efficiency  of  machinery-  n^ 

There  are  few  books  on  ma- 
chine design  that  do  not  describe 
some  kind  of  winch,  or  crab,  ae 
an  example  in  leverage.    Fig.  1 
is  taken  from  a  well-known  text- 
book in  which  it  is  explained 
thattheleverage  obtained  by  the 
combination  of  crank,  gears,  and 
dram  shown  is  150,  and  that, 
therefore,  "  neglecting  friction," 
a  force  of  10  pounds  applied  at 
the  crank  will  raise  a  load  of 
1,500  pounds  suspended  from  the 
hook.    Now  this  is  quite  true, 
and.  Be    an  example   of  what 
leverage  does  for  us  in  machin- 
ery, it  is  excellent.     Unfortu- 
nately, however,  many  beginners  ^^ 
find  this  part  of  their  studies  far                "  »."'",'" 
too  easy,  and  pass  over,  as  of 
but    slight   importance,    that   little  clause 
"ntglecling  friction."    Later  on,  they  read 
that  friction  varies  directly  as  the  pressure 
between,  and  is  independent  of  the  areas 
of,  the  surfaces  in  contact,  and  so  on — getting 
possibly  a  fair  idea  of  what  a  coeffijHeiU  of 
friction  is,  and  then  passing  on  to  other 

But  the  time  com^  when  the  young  stu- 
dent is  engaged  as  a  draftsman,  and  is  asked 
)  "put  some  figures"  on,  say,  a  hoisting 


is.    As     ing  friction,  10  pounds  at  the  crank-handle 


1,500  at  the  hook  ;   coefficient  of 
friction  for  Bl«el  on  cast  iron — taken  from  a 
table  in  one  of  the  note  books  aforesaid — .10  ; 
lose  by  friction,  I, .500  X  .10  =  150  pounds; 
actual  lifting  capacity,  1,500  —  150  =^  1,350 
whereas,    in   all    probability,    10 
pounds  at  the  crank-handle  will 
not  raise  morethan  1,000  pounds. 
But  we  shall  return  to  this  prob- 
lem later  ;  there  are  many  thinge 
we  must  understand  before  we 
can  hope  to  solve  the  problem 
correctly. 

First  of  all  it  is  necessary  to 
know  just  what  the  laws  alrotdy 
referred  to  mean  i  because, 
although  the  laws,  as  stated,  aic 
true,  they  are  frequently  misun- 
derstood and  misapplied.  Here, 
a  few  very  simple  experimeDte 
will  help :  In  Fig.  2,  a  is  acast- 
iron  block ;  p  is  a  cord,  by 
means  of  which,  and  through 
the  spring  balance  t,  the  block 
may  be  dragged  about  over  the 
^^  cait-iron  surface  m.    The  weight 

""  of  a  ia  10  pounds,  and  the  con- 

dition of  the  surfaces  in  contact 
is  suppiosed  to  be  such  that  a  force  of  1 
pound — as  indicated  by  the  spring  balance — 
is  just  enough  to  overcome  the  frictional 
resislance  and  thus  to  move  the  block  in  tbe 
direction  of  the  pull. 

In  Fig.  3,  there  is  the  same  apparatus,  but 
a  block  b,  also  weighing  10  pounds,  hoe  been 
placed  on  top  of  a  ;  it  is  now  found  that  a 
force  of  2  pounds  is  just  enough  to  move 
the  blocks.  Thus,  doubling  the  pressure 
between  the  surfaces  in  contact  doubles  the 


mechanism.  Then  he  refers  with  feelings  of  frictional  resistance.  In  Fig.  4,  another 
diffidence  to  his  Nystrom,  Haswelt,  Traut-  10-pound  block  has  been  added,  and,  as 
wine,  or  Kent,  for  a  coefficient  of  friction ;  indicated  by  the  spring  balance,  the  fric- 
and  then — to  use  a  little  slang,  he  gets  "  all      tional  resistance  then  becomes  3  pounds.    In 
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other  words,  trebling  the  pressure  between 
the  surfaces  trebles  the  frictional  resistance. 
This  direct  relation  between  the  pressure 
and  the  friction  is  the  meaning  of  the  first 
of  the  laws  under  consideration,  which  is : 
Friction  varies  directly  as  the  pressure  between 
the  surfaces  in  contact. 

The  second  law  is :  Friction  is  independent 
of  the  areas  of  the  surfaces  in  contact.  A  mis- 
apprehension of  what  this  law  means  has 
led  many  a  good  draftsman  into  trouble,  and 
the  reader  is  therefore  asked  to  follow  with 
care  what  is  said  about  it. 

When  describing  the  experiments  repre- 
sented in  Figs.  2,  3,  and  4,  no  mention  was 


Pig.  2. 


Pig.  3. 


Pio.  4. 

made  of  the  area  of  the  surfaces  in  contact ; 
this  was  because  the  point  then  under  con- 
sideration had  to  do  merely  with  pressure 
and  resistance.  Throughout  the  experi- 
ments, the  block  remained  resting  upon  its 
two  narrow  feet,  and  evidently  the  size  of 
these  feet  had  nothing  whatever  to  do  with 
the  three  results  obtained.  But  suppose  we 
torn  the  block  over,  so  that  it  rests  on  its 
tarfre  flat  surface,  as  in  Fig.  5 ;  what  then  ? 
Well,  if  the  smoothness  of  the  large  surface 
now  in  contact  with  m  is  exactly  the  same 
as  the  smoothness  of  the  two  feet,  the  force 
required  to  move  the  block  will  be  precisely 
the  same  as  it  was  before.  And  that  is  what 
the  second  law  means ;  but  we  have  not 
finished  with  it  yet.  Before  going  further, 
however,  something  had  better  be  said  about 
coefficients. 

A  coefficient  of  friction  is  the  ratio  between 
a  frictional  resistance  and  the  pressure  that 


causes  it.  Thus,  in  the  first  experiment  the 
resistance  is  1  pound ;  the  pressure  that 
causes  it  is  10  pounds,  and  the  coefficient 
is  tV  =  -10  ;  in  the  second  experiment  (the 
sur£Eu;es  in  contact  being  the  same,  the  coeffi- 
cient should  be  the  same),  the  resistance  is 
2  pounds ;  the  pressure  that  causes  it  is  20 
pounds,  and  the  coefficient  is  ,^=.10,  as 
before.  A  coefficient  is  used  in  the  following 
manner :  If  the  pressure  between  two  sur- 
faces is  500  pounds,  and  we  know  that  for 
those  surfaces  the  coefficient  of  friction  is 
.07,  we  ascertain  the  frictional  resistance  by 
multiplying  the  pressure  by  the  coefficient, 
and  we  get  500  X  07  =  35  pounds.      Coeffi- 


Pig.  5. 


Pig.  6. 


Pig.  7. 

cients  of  friction  are  found  by  experiment, 
and  cannot  be  determined  in  any  other  way. 
To  return,  now,  to  the  second  law:  An 
experiment  with  the  10-pound  blocks  h  and  c 
is  represented  in  Fig.  6 ;  the  pulling  cord  is 
attached  to  6,  and  c  is  placed  on  top  of  h ; 
but  c  is  restrained,  in  the  manner  shown,  so 
that  it  cannot  move  in  the  direction  of  the 
pull  on  b.  The  condition  of  the  surfaces 
in  contact  is  supposed  to  be  the  same  as 
before ;  the  coefficient  of  friction,  then,  is 
.10.  Bearing  the  second  law  in  mind,  what 
fractional  resistance  will  there  be?  Well,  it 
might  at  first  sight  be  supposed  that,  as  the 
total  pressure  on  m  is  20  pounds,  the  resistance 
would  be  20  X  .10  =  2  pounds.  But  the 
spring  balance  indicates  3  pounds ;  and  it  is 
right,  for  the  following  reason :  There  are 
two  distinct  and  separate  resistances,  because 
there  are  two  distinct  and  separate  pairs  of 
surfaces  in  contact,  namely,  bottom  surface 
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of  b  with  nif  and  top  surface  of  h  with  r. 
Between  the  first  of  these  pairs,  b  and  m, 
there  is  a  pressure  of  20  pounds ;  this  pres- 
sure produces  a  resistance  of  20  X  .10  =  2 
pounds.  Between  the  second  pair,  6  and  c, 
there  is  a  pressure  of  10  pounds,  which  pro- 
duces a  resistance  of  10  X  .  10  =  1  pound.  It 
is  the  sum  of  these  two  amounts  that  con- 
stitutes the  total  resistance,  and  this  equals 
2  -f  1  =  3  pounds,  which  agrees  with  the 
spring  balance.  In  Fig.  7  a  similar  but  still 
more  striking  experiment  is  illustrated. 
There  are  the  same  10-pouhd  blocks  b  and  c, 
both  of  which,  however,  are  prevented  from 
moving  in  the  direction  of  the  pull ;  between 
them  is  a  sheet  of  tin  dj  supposedly  so  thin 
as  to  have  no  appreciable  weight  The  coeffi- 
cient of  friction  is  again  taken  at  .10.  What 
force  will  it  require  to  slide  d  in  the  direction 


of  the  pull?  It  might  at  first  be  supi)oeed 
that,  as  the  pressure  between  b  and  c  is  but 
10  |>ound8,  the  resistance  would  be  10  X  .10 
=  1  pound ;  but  the  spring  balance  indicates 
2  pounds,  before  the  sheet  of  tin  begins  to 
move.  The  explanation  is  the  same  as 
before.  There  are  two  separate  pairs  of  sur- 
faces in  contact,  namely,  top  of  d  with  bottom 
of  c,  and  bottom  of  d  with  top  of  b.  Between 
each  of  these  pairs  there  is  a  pressure  of  10 
pounds,  thus  producing  two  separate  resist- 
ances of  1  pound  each,  or  a  total  resistance  of 
2  pounds. 

This  multiplication  of  the  pairs  of  surfaces 
in  contact  must  on  no  account  be  confused 
with  the  areas  of  the  surfaces  that  are  in 
contact ;  the  experiments  already  performed 
prove  that  they  are  two  very  diflTerent 
things. 


{To be  Concluded.) 
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Further  Applications  of  the  Principle  of  Rolling,  When  Making  Layouts  of  Curved 
Surfaces— The  Actual  Geometrical  Layout  of  a  Cardboard  Lamp  Shade. 


r  OBTAIN  the  layout  of  the  curved  sur- 
face of  the  cone  in  Fig.  7,  we  proceed 
in  a  manner  similar  to  that  already 
explained  in  connection  with  Fig.  5  ;  that  is, 
we  place  the  cone  so  that  the  diameter  a  6  is 
vertical,  and  imagine  it  rolled  until  the  other 
end  of  the  diameter  reaches  the  paper.  It  is 
evident  that,  while  rolling,  the  cone  describes 
part  of  a  circle  around  the  center  c ;  the 


Fig.  7. 

dimensions  of  the  surface  thus  rolled  over  are 
easily  obtained  ;  with  raflius  a  c  or  6  c,  draw 
upon  the  paper  a  circular  arc  6  a,  and  make 
the  length  of  it  equal  to  half  the  circumference 
of  the  base  of  the  cone  ;  then  draw  straight 
lines  from  the  ends  of  this  arc  to  the  center  c. 
The  surface  thus  outlined  is  the  layout  of 
one-half  of  the  curved  surface  of  the  cone, 
and  the  other  half  is  obtained  by  simply 
repeating  the  operation  on  the  opposite  side 
of  the  center  line  b  c. 


We  see  then  that,  so  long  as  we  have  to  do 
with  symmetrical  bodies  from  which  no 
parts  have  been  removed,  it  is  quite  easy 
to  make  all  necessary  constructions  and  cal- 
culations, and  thuH  to  obtain  layouts  of  their 
surfaces.  But  when  a  body  is  no  longer 
symmetrical,  when  certain  parts  of  it  have 
been  cut  away,  the  necessary  constructions 
seem  rather  difficult.  In  reality,  however, 
they  are  quite  as  simple — though,  it  is  true, 
a  little  more  extended  than  before — and  if 
the  principles  explained  in  reference  to 
Fig.  6  are  fully  understood,  no  serious  diffi- 
culty will  be  experienced. 

In  Fig.  8  we  have  an  example  of  this 
kind— a  cylindrical  pipe  from  which  certain 
partH  have  been  cut  away,  the  openings  left 
bein^  clearly  marked  a66|a,  and  a^b^b^a^ 
in  (r).  As  shown  at  (6),  the  distances 
aa^,  a^Otj  a^a^f  and  a,  a^  are  all  alike,  being 
each  equal  to  one-eighth  of  the  circumference 
of  the  pi j)e.  To  make  the  layout,  we  proceed 
at  first  as  if  the  pipe  were  complete,  and  find 
the  pointH  a  and  c  on  the  paper  which  the 
cylinder,  if  rolled,  would  mark  out.  Then 
we  draw  lines  Pa, c,,  a^r,,  etc.  at  distances 
apart  equal  to  thone  on  the  cylinder.     (The 
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nader  will  here  Dot«  that  whea,  in  what 
(bllowe,  a  measurement  or  string  of  meaaure- 
meDtx  ie  prefixed  b;  the  letter  P,  aa  in  the 
iatt  sentence,  it  means  "on  the  paper"; 
similarly,  when  a  measurement  is  prefixed 
by  A,  it  means  "on  the  body."    This  will 


H>Te  the  constant  repetition  of  explanatory 
claiuee. )     Keferring  to  Fig.  8  (a),  the  lines 
iii  and  6,6,,  being  in  line  with  each  other, 
constitute  porta  of  the  circle  b  b, ;  and  tbis 
drcle  will  roll  along  the  line  Pbb,  [c],  and 
the  intersections  of  this  line  with  Pac,  a,  e„ 
etc  locate  the  points  P  b,  b,,  b,,  etc. ,  and  thus 
iCivelhe  outlines  of  the  openings  Pab6,n,  and 
0, 6, 6,  a,,  completing  the  layout. 
In  F^.  9,at  (a)  and  (c),  are 
■hown  a  side  and  a  perspective 
Tiew  of  a  piece  of  pipe  that  is 
intended  to  be  joined  at  right 
angles  to  a  similiar  one.     It  is 
desired  to  outline  a  pattern  from 
which  a  pipe  of  this  form  and 
nze  may  be  made ;  to  do  this 
we  again    use   the    principles 
explained    with    reference    to 
^g.  6.   We  select  a  certain  num- 
ber of  equidistant  points  around 
the  slanting  end  b/„  and  find 
the  poeition  of  these  points  on 
the  plane  of  the    papet    over 
which  the  pipe  ie  supposed  to 
ndl ;  this  is  done  in  the  following 
manner:     Describe,  as  at  (6),  a 
drcle  representing  the  end  view  of  the  pipe  ; 
divide  this  into  any  convenient  number  of 
equal  parts — say  eight — and  project  the  pointe 
of  division   to    the   slanting   end   of    the 
cylinder,  as  shown  in  (b),  thus  obtaining  the 
lines  a/,  o,/,,  a,/,,  etc,  cutting  the  edge  6,/, 
at  certain  points  6c,  rf,Ci/i.    Proceeding  now 


aaiftbepipe  werecomplete:  If,  through  each 
of  these  points,  we  imagine  a  circle,  as  b  b„ 
cc„  etc.,  and  then  imagine  the  pipe  rolled 
over  the  paper  as  before,  these  circles  will 
imprint  on  the  paper  lines  b  b^,  re,,  etc.,  as 
shown  at  (c);  then  all  that  remains   to  be 
found  is  the  location  of 
tbe  points  in  question  on 
these  lines.     The  point 
A  b  in  (c)  can  lie  nowhere 
else  than  at  6  on  line  F  af; 
point  A  c„  being  the  point 
of    intersection    of    line 
A  a,/i  and  circle  ccj,  must 
also  he  the  point  of  inter- 
section of  P  o, /,  and  P  rr^, 
and  so  on ;  in  this  man- 
ner the  points  Pb  C|  d,  e,/, 
are  located.     The  curved 
line  passing  through  these 
points  completes  one-half 
of  tbe   required  layout; 
the  other  half  is  a  counter- 
part on  tbe  opposite  ude 
of  the  center  line. 
The  layout  of  the  curved  surCice  of  a  cone 
that  has  been  cnt  away  as  shown  in  Fig.  10 
at  (a)  and  (c),  is  obtained  in  a  similar  man- 
ner, and  it  should  not  be  neceeeary  to  repeat 
the  explanations.    It  is  perhaps  ae  well  to 
point    out,    however,   that    the    distances 
between  the  construction  circles,  as  between 
aOiandcf,,  in  (a),  must  be  measured  along  the 


slanting  surface,  and  not  along  the  axis ; 
the  reason  for  this  is  evident.  If  the  cone 
rests  with  line  be,  in  contact  with  the  paper, 
the  distances  along  this  line  only  should  be 
considered  ;  confusion  is  thus  avoided.  The 
distance  P  oe  between  the  circular  curves 
P  no,  and  re,  must  therefore  correspond 
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with  A  a^c^  of  (a)  and  not  with  <hCt'    In 
other  respects,  Fig.  10  is  self-explanatory. 

In  Fig.  11  is  shown  the  construction  by 
which  the  layout  of  the  curved  surface  of  a 
cone  with  a  slanting  base  is  obtained.  The 
reader  should  find  no  difficulty  in  following 
the  method  employed ;  the  only  practical 


Fig.  10. 

difference  between  this  and  the  layout  of  the 
pipe  of  Fig.  9  is  that  with  the  cone  the  con- 
struction circles  roll  along  circular  arcs  P  a  04 , 
etc.,  instead  of  along  straight  lines. 

So  far,  the  various  layouts  and  construc- 
tions described  have  been  Ulustrated  with  the 
aid  of  perspective  drawings,  the  idea  having 
been  to  represent  the  subject  in  a  manner 
intelligible  to  all.  To  those  who  are  not 
familiar  with  both  perspective  and  mechan- 
ical drawing,  it  may  not  be  quite  clear,  as 
yet,  how  an  actufd  constructive  drawing 
should  be  made ;  for  this  reason  it  is  deemed 
advisable  to  take  one  more  ex- 
ample, and  in  it  to  show  the 
whole  construction  as  it  would 
be  made  in  practice. 

Supposing  it  is  required  to 
construct  a  lamp  shade  of  tin  or 
paper,  and  of  the  form  shown  at 
(a).  Fig.  12.  We  consider  this 
shade  as  a  truncated  cone — that 
is,  as  a  cone  with  its  top  cut  off. 
It  will  be  noticed  that  the  base 
is  not  at  right  angles  to  the 
axis.  We  begin  by  drawing  a 
side  view  of  the  shade,  as  at 
(6),  indicating  by  dotted  lines 
the  outline  of  the  complete  cone, 
and  ascertaining  by  actual  measurement  the 
dimensions  that,  in  addition  to  those  given, 
are  required  to  make  the  layout. 

In  previous  examples  we  have  in  every 
case  drawn  a  complete  end  view  of  the  solid 
under  consideration ;  in  actual  constructive 
work  this  is  not  absolutely  necessary  ;    a 


half-end  view  is  sufficient,  its  sole  purpose 
being  to  enable  the  draftsman  to  locate,  by 
projection  upon  the  side  view,  lines  dividing 
the  surface  to  be  developed  into  the  required 
number  of  equal  or  proportional  parts.  In 
the  present  case,  then,  we  describe  a  semi- 
circle on  the  base  of  the  cone  and  divide 
it  into  the  required  number  of 
equal  parts — say  four — thus  ob- 
taining points  gigt9t'  By  the 
projection  of  these  points  to  the 
ba«©  99iJ  points  A^i^,^,  are 
located,  which  must  then  be 
connected  to  the  apex  a  by 
means  of  lines  ag^  ag^,  ag^. 
These  lines,  it  will  be  noticed, 
cut  the  edge  cg^  in  points  <ii ,  ^i, 
and  /s ;  in  order  to  locate  these 
points  on  the  layout  we  make 
use  of  circles  passing  through 
them,  namely  cc^^dd^^ee^y  ff^ . 
As,  at  the  commencement  of 
the  imaginary  process  of  roll- 
ing, the  cone  is  supposed  to  rest  on  the 
line  064^4,  the  correct  distances  between 
these  circles  must  be  measured  upon  this 
line.  The  actual  layout  is  shown  at  (c), 
Fig.  12,  and  it  is  made  in  the  following 
manner:  Draw  a  vertical  line  aa^ — a  line 
in  any  other  direction  would,  of  course, 
answer  the  purpose,  but  when  drawing  with 
instruments  it  is  best  to  make  a  center  line 
either  vertical  or  horizontal — and  set  ofl 
upon  it  the  length  of  the  side  A  ag^^  namely 
16  inches.  Then,  with  compasses,  describe 
the  arc  g^  a,  ;  this  arc,  being  the  path  of  the 


circle  A  ^^4,  marks  the  extreme  limit  of  the 
conical  surface.  As  the  cone  is  supposed  to 
have  made  half  a  revolution  by  the  time  the 
point  A  g  reaches  the  paper,  the  length 
P  gg4  must  equal  half  the  circvunference  of 

16  X  3.1416 


the   circle    A    gg^j  or 


=  25.13 
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inches ;  this  leogth,  then,  must  be  metiEured 
iiloDg  the  arc  Qta,,  thus  locating  the  point 
P  g  \  joining  a  g,  we  obtain  the  limitii^  edge. 
Now  divide  the  arc  P  gg,  into  the  same 
naimber  of  equal  parts  as  at  the  beginning 
we  divided  the  half  circle  ggt  in  view  (b), 
and  join  a  with  points  P  Qx  gt  gi  by  means  of 
straight  linee,  as  shown ;  these  lines  coire- 
epond  with  linea  sim- 
iUrly  named  in  view 
(4).     We    now    pro- 
ceed to  construct  the 
paths  of  the    circles 
A  66„  cci,  etc.    It  is 
evident  from  what  has 
■Iready  been  demon-  '" 

itrated  that  these  cir- 
cles will  all  roll  along 
circular  paths  around 
the  point  a  in  (c),  so 
that  it  is  only  necee- 
eary  to  draw  circular 
arcs  of  the  proper 
radii  with  point  a  ae 
center.  The  circle 
A  6  tj  will  roll  along  a 

drcular  arc  of  4  inches  _ 

radius,  which  arc, 

therefore,  iq  (e),  outlines  the  upper  edge 
Pbb,.  The  other  radii  maybe  taken  direct 
from  view  (6),  and  thus  the  area  P  cc,,  ddt, 
it,,f/„  in  view  (c),  obtained. 

We  have  now  done  all  that  is  necessary  to 
enable  us  to  outline  one-half  of  the  lamp- 
shade layout ;  thus,  point  A  c,  being  located 
in  line  A  ag,  and  also  upon  the  circle  Ace, 


[see  view  (6)],  must  lie  on  corresponding 
lines  in  view  (c),  and  must  therefore  be  the 
point  where   these  lines  intersect,  namely 
P  c  ;  point  A  d,  in  (a)  is  on  the  circle  dd^ 
where   it   is  intersected  by  the  line  ag, ; 
therefore,  on  the  layout  it  is  the  point  of 
intersection  of  the  corresponding  circalar 
arc  dd,  and  the  line  opi,  in  other  words, 
atd| ;  inasimilar man- 
ner, the  two  remain- 
ing points  «,  and  /,  are 
located.     The  curved 
line   passing  through 
these  points,  namely 
the    line    ed,e,f,g,, 
completes  the  layout 
of  one-half  of  the 
shade,  and  when  this 


the 


other  side  of  the  cen- 
ter lineaa,,  the  com- 
plete layout  has  been 

Other    examples 
might  be   given,  to 
show  that  the  princi- 
,„  pies  laid  down  in  the 

first  part  of  this  article 
are  applicable  in  a  general  way,  but  enough 
has  perhaps  been  said  to  prove  that  the 
man  who  thoroughly  grasps  the  idea  of  unroll- 
ing the  surface  to  be  developed  is  in  a 
position  to  make  any  ordinary  workshop 
layout ;  a  little  knowledge  of  geometry  is, 
of  course,  necessary,  but  this  can  be  readily 
acquired. 
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IT  IS  a  well-known  fact  that  Nature  does 
not  furnish  us  with  pure  water.  The 
pure  article  can  be  obtained  only  by 
distillation.  But  distilied  water  is  absolutely 
unknown  to  most  people,  and  would  not  be 
relished  even  if  generally  supplied,  for  the 
reason  that  the  constant  use  of  water  con- 
tainiDg  iron,  time,  and  other  minerals,  as 
well  as  vegetable  and  animal  matter,  in 
suspension  and  solution,  has  so  accustomed 
oar  palates  to  the  taste  of  ordinary  impure 


drinking   water   that,   in   comparison,  the 
pure  water  would  seem  flat  and  insipid. 

It  is  perhaps  hardly  necessary  to  state  that 
no  water  can  be  purer  ttian  the  source  from 
which  it  flows,  and  that  there  is  a  vast  dif- 
ference between  the  clear  cold  spring  or 
Artesian-well  water  and  the  discolored 
liquid,  eallfd  water,  that  is  either  pumped, 
or  falls  by  gravity,  from  some  lake  or  stream 
— itself  in  many  cases  the  trunk  line  for  the 
sewage  of  cities  and  villages  thereon,  and 
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heavily  charged  with  animal  and  vegetable 
matter  and  germs  of  all  kinds  ;  or,  what  is 
little  better,  and  often  worse,  water  from 
dug  or  shallow  wells  or  water  holes— worse, 
because  such  water  is  stagnant  and  therefore 
not  as  well  aerated  as  that  which  flows  from 
lake  or  stream.  Either  kind,  however,  is 
apt  to  be  warm  in  summer — ^unless  ice,  which 
is  generally  impure,  is  used  to  cool  it — and 
discolored  at  all  times — unless  filtered,  which 
seldom  removes  the  harmful  impurities. 

The  subject  of  water  supply  is  so  broad 
and  far  reaching,  and  so  vitally  affects  every- 
thing and  every  condition  on  this  planet, 
that  it  can  be  classed  with,  or  at  any  rate 
ranked  as  next  in  importance  to,  the  sun 
and  the  atmosphere  ;  and  it  would  be  pos- 
sible to  write  volumes  upon  it.  But  our 
friend  the  editor  draws  the  line  at  a  few 
thousand  words  and  also  asks  that  this 
article  be  confined  to  one  branch  of  the 
subject — namely,  the  Artesian  well.  Even 
this  branch,  however,  if  treated  in  detail, 
would  fill  The  Mechanic  Arts  Magazine 
several  times  over,  so  we  will  endeavor  to 
be  as  concise  as  possible. 

The  Artesian  well,  which  derives  its  name 
from  the  province  of  Artois,  in  France,  was 
used  in  both  Mexico  and  China,  centuries 
ago ;  indeed,  it  is  known  that  the  Aztecs  of 
Mexico  devised  systems  of  water  supply  that 
in  some  respects  rival  any  now  in  existence. 

Some  Artesian  wells  flowy  that  is,  deliver 
the  water  to  and  above  the  surface,  while 
others  deliver  to  within  a  few  feet  of  the  sur- 
face ;  but  all,  when  properly  made,  furnish 
a  good  supply  of  far  better  water  than 
the  majority  of  mankind  is  familiar  with, 
and  effectually  shut  off  all  surface  water. 
A  study  of  the  death  rate  statistics  of  the 
large  cities  of  this  or  any  other  land  discovers 
a  large  proportion  of  deaths  directly  trace- 
able to  the  drinking  of  water  that  is  unfit  for 
either  man  or  live  stock,  even  though  it  ix 
drawn  from  a  nickelplated  faucet,  and  even 
though  it  is  filtered  and  iced  before  beiug 
drunk. 

The  appearance  and  taste  of  water  tell  us 
very  little  about  it ;  so  we  have  to  trust  to 
the  good  faith  of  the  great  water  companies. 
There  will,  we  hope,  come  a  time  when  the 
golden  rule  will  prevail,  when  we  shall  cease 
to  **do"  others  because  we  fear  they  are 
endeavoring  to  **do"  us,  when  every  man 
will  understand  the  laws  of  health,  and 
when  every  American  citizen  will  think  for 
himself,  vote  for  himself,  be  intelligent, 
healthy,  and  free,  and  cease  to  be  in  any  way 
a  slave.    Then,  and  not  until  then,  will  we 


get  cheap  and  good  water,  and  every  other 
good  thing  we  need. 

The  drilled  hole  which  constitutes  the 
Artesian  well  is  the  same,  and  is  made  with 
practically  the  same  machinery  and  tools, 
whether  it  is  drilled  for  water,  oil,  or  mineral, 
or  merely  as  a  test  hole  for  the  foundation  of 
a  building.  The  only  real  difference  is  in 
the  size  and  strength  of  the  outfit,  or  **  rig,'* 
as  the  well-contractor's  plant  is  called.  At 
the  present  time  a  test  hole  is  being  drilled 
in  Pittsburg,  Pa.,  which  is  to  be  10,000  feet 
deep.  Do  you  realize  what  that  means? 
For  a  distance  of  nearly  two  miles  a  hole  is 
to  be  driven  through  earth  and  rock  !  Think 
of  the  temperature  that  workmen  would 
have  to  endure,  and  the  cost  and  trouble  of 
making  such  a  hole  by  ordinary  digging  and 
blasting ! 

There  are  many  first-class  Artesian  wells 
that  are  only  from  25  to  75  feet  deep ;  for 
many  parts  of  this  country  50  to  60  feet 
would  be  a  very  fair  average.  Such  wells 
are  completed  in  from  1  to  10  days,  and  cost 
from  $25  to  $200,  according  to  the  formation 
to  be  drilled  through.  A  fair  average  cost 
for  wells  to  supply  from  100  to  500  people 
would  be  from  $100  to  $150.  Think  of  going 
on  from  year  to  year  paying  the  water  rent 
you  do,  when  your  whole  neighborhood, 
farm,  or  factory  could  be  supplied  free — 
once  the  small  first  cost  of  the  well  itself  is 
paid  for — with  nature's  best  and  purest 
brew.  Or,  if  you  are  a  farmer  or  live  in  an 
out-of-the-way  village,  think  of  the  unneces- 
sary suffering  and  loss  the  lack  of  a  plentiful 
water  supply  costs  you  yearly. 

This  good  water — not  surface  water — is  to 
be  found  at  a  depth  of  probably  less  than 
100  feet  below  the  surface  of  your  land. 
"Yes,"  I  hear  some  of  you  say,  **but  we 
will  have  to  pump  it ! "  Did  you  ever  get 
something  for  nothing?  You  want  water  on 
the  upper  floors  of  your  buildings.  Right 
you  are.  An  up-to-date  man  should  have 
modern  conveniences ;  we  improve  by 
adopting  improvements.  The  water  com- 
pany you  now  patronize  has  either  to  punap 
the  water  for  you,  or  to  locate  its  reservoirs 
at  such  an  elevation — often  several  miles 
from  the  center  of  distribution — that  the 
"head,"  or  pressure,  obtained  is  sufficient 
to  raise  the  water  the  desired  height.  But 
the  men  who  constitute  the  water  company 
are  not  in  business  for  their  health  alone, 
nor  from  any  personal  interest  in  your  health, 
and,  considering  the  quality  of  the  water 
they  supply,  they  make  you  pay  more  than 
your  share  of  the  cost  of  constructing  and 
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inauitamiiig  the  pnmpmg  plant  or  reeervoira 
Slid  pipe  lines.    Why  not  get  back  to  first 
principles  and  do  for  yourself— bf  meims  of 
the  Arteuftn  well — what  you  have  hitherto 
been  Iiiring  some  one  else  to  do  for  you? 
Yon  can  do  it  both  better  and  more  cheaply. 
And  if,  after  you  personally,  or  t^^^her 
with  yuur  neighbors, 
have  had  an  Artesian 
well   drilled,  it   does 
not  deUver  the  water 
high  enough  for  you, 
put  up  s  windmill  to 
do  the  pamping ;  or, 
if  you  prefer  it,  use  a 
gasoline  engine  or 
any  one  of  the  sev- 
eral pmnping  engines 
that  are  to  be  found 
on  the  market. 

"Will  the  water 
■Iways  be  cold  and 
soft? "  For  average 
depths,  the  tetiipem- 
tnre  the  year  round 
will  be  about  45°  Pah- 
renheit,  and  you  will 
save  the  ice  bill,  and 
be  saved  from  the  ice 
impurities.  If  you 
kre  a  farmer,  packer, 
brewer,  hotel  owner, 
ahipper  of  milk,  or  a 
member  of  any  one  of 
the  many  trades  where 
good  cool  water  is  an 
einendal,  this  point 
alone  will  pay  you 
hundrede  of  dollars 
yearly.  As  to  soft- 
nees,  if  it  does  not 
conae  from  lime  or 
Bimilar  rock,  it  will  be 
as  soft  as  you  could 
wieh.  Comparatively 
few  Arteeian  wells  are 
hard ;  but,  if  you  live 
in  a  limestone  coun- 
try, most  of  the  water  Pn 
you  get  will  be  hard, 
no  noatter  what  source  of  supply  you  may 

In  Eiiany  parts  of  the  world,  flowing  wells 
are  aore  at  depths  of  from  50  to  500  feet. 
In  other  sections.  Artesian  wells  that  flow 
over  the  top  with  any  great  presBure  are 
nre,  though  nearly  all  sections  have  some 
examples.    But  a  good  supply  tliat  will  rise 


to  within  a  reasonable  distance  of  the  top  is 
now  an  assured  fact  the  world  over. 

If  you  have  an  old  dug  well  that  goes  dry 
at  limes  or  famishes  a  poor  supply  of  poor 
wat«r,  have  a  6-incb  iron  pipe  put  in  the  ' 
bottom,  and  drill  down  until  you  shut  off 
the  surface  water  and  get  a  supply  that  is  fit 
to  drink.     Most  dry 
welb  are  simply  catch- 
basins    for    surface 
water  and  other  im- 
purities, including  rats, 
cats,  and  so  forth.    A 
few  dollars  piud  to  the 
chemist  for  an  analysie 
of  your  water  supply 
will  be  well  invested 
and  may  save  the  time 
and  expense  of  a 
flineral. 

Af  any  Artesian  wells 
are  in  use  today  on 
the  Sahara  desert. 

Oil  and  gas  wells  are 
^m  500  to  4,000  feet 
deep,  and  cost  from  ^ 
to  (10  per  foot.  There 
is  an  Artedan  well  in 
Seneca  Coanty,  N.  Y., 
that  flows  1,000,000 
gallons  of  water  aday. 
Several  in  Dakota  and 
other  sections  flow 
4-inch  to  8-inch 
streams  with  a  surface  ■ 
pressure  of  150  pounds 
per  square  inch,  and 
furnish  power  to  elec- 
tric-light and  power 
stations,  etc.,  and  the 
water  is  used  for  culi- 
nary purpcees  and  also 
for  irrigation. 

In  one  town  in  Ida- 
ho, hot  Artesian  water 
is  piped  through  the 
streets  and  used  for 
warming  the  build- 
ings. Thereisawellin 
J  California   so  capped 

that  the  water  flows 
from  it  in  the  form  of  an  umbrella  40  feet  in 
diameter.  Tlie  writer  was  present  at  the 
drilling  of  a  well  in  Fifth  Avenue,  New  York 
City,  that  cuts  through  2,400  feet  of  solid 
rock,  and  supplies  700  people  with  water 
for  all  purposes.  In  our  new  territory,  the 
Hawaiian  Islands,  irrigation  by  Artesian 
weils   is   now    quite    common,   and   in   the 
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borough  of  Brooklyn,  N.  Y.,  more  than 
1,000,000  people  are  supplied  with  a  total  of 
50,000,000  gallons  a  day  from  Art«8ian  wells. 
Many  small  cities  and  villages  have  water 
works  that  are  supplied  exclusively  by 
Artesian  wells.  California  has  over  2,500 
flowing  wells,  each  of  which  irrigatco  on  an 
average  1  square  mile  of  land,  or  640  acree. 
In  the  same  eUte  there  is  one  nian  who 
owns  42  such  wells.  He  bought  desert  land 
for|l  an  acre,  drilled  wells,  planted  oranges, 
raiaine,  and  other  fruit,  irrigated  the  land, 
and  now  sells  it  at  from  $200  to  $500  per 
acre.  Did  it  ever  before  occur  to  you  what 
a  blessing  the  Artesian  well  is  to  humanity  ? 
The  Mormon  Church,  in  Utah,  have  over 
2,000  of  these  wells,  700  of  which  flow.  In 
Nevsda,  at  altitudes  of  Irom  0,000  to  10,000 
feet  above  the  sea,  there  are  07  wello,  each 
of  which  flows  from  60,000  to  100,000  gallons 
doily.  New  York  City  has  hundreds  of 
them,  and  it  is  estimated  that  they  save 
81,000,000  in  water  rents  yearly. 

While  the  Artesian  well,  in  its  crude  form, 
was  made  centuries  ago,  it  is  only  during 
the  past  twenty-five  years  that,  by  reason  of 
improvements  in  the  mann&cture  of  iron 
and  steel  pipes  and  machinery,  it  has  become 
a  prominent  factor  in  the  civiliEation  of  the 
world.     The  fint  oil  well  in  the  United 
SUtes   was  drilled  in  1859  near  Titosville,    . 
Pa.,  by  Colonel  £.  S.  Drake.    Since  then, 
well    drilling    and    the    manufacture    of 
machinery  and  pipe  for  it 
has  been  a  large  and  grow- 
ing industry. 

Those  who  have  never 
made  a  study  of  geolc^ 
can  learn  much  from  a 
practical  study  of  Artesian 
well-drilling,  and  not  only 
about  water  supply,  but 
about  other  riches  that 
Nature  has  in  store  under 
our  feet — riches  that  man 
by  his  skill  and  intelligence 
is  eo  rapidly  developing. 

Regarding  the  manner  of 

drilling, and  themachinery 

and  lools  used  in  tbe  pro- 

Fiu.  2.  duction    of  the    Artesian 

well,  something  will  now  be 

said.     In  most  parte  of  the  world  there  are 

from  a  few  feet  to  several  thousand  feet  of 

earth  on  top  of  the  various  strata  of  rock. 

This  earth  also  lies  in  layers,  or  strata,  of 

varying   thicknesses.      Many   of  the   best 

wells    find   their  supply  in  water  gravel ; 

others  find  theirs  in  rock.     The  drilling 


machine,  as  shown  in  Fig.  I,  is  placed  o\tsi 
the  spot  where  the  well  will  be  meet  con- 
venient. It  will  be  readily  understood  that 
drilling  a  bole  through,  it  may  be,  several 
thousand  feet  of  earth  and  rock  is  a  very 
different  thing  from  drilling  through  a  piece 
of  wood  or  iron.    In  the  tatter  case  the  drill 


is  caused  to  rotate  and  the  wood  or  metal  is 
removed  by  a  sharp  cutting  edge.  In  drill- 
ing into  the  earth  the  form  of  tbe  tool  and 
the  manner  in  which  it  is  operated  depend 
largely  upon  the  formation  to  be  drilled 
through  ;  but  for  artesian  wells  the  perattsive 
method  is  almost  invariably  employed.  In 
this,  the  drilling  tool,  or  bit,  hangs  from  a 
hawser-laid  rope  1  inch  to  2  inches  in  diam- 
eter (see  Fig.  2)  and  is  alternately  raised 
and  let  &11,  eo  as  to  strike  a  series  of  sharp 
blows,  and  the  hole  drilled  is  lined  with 
steel  or  iron  pipe.  To  cause  the  flat  bit  (see 
Fig.  5)  to  drill  a  round  hole,  the  rope  is 
twisted  from  right  to  left  and  from  left  to 
right,  a  dozen  or  more  turns  each  way  ;  as  it 
gradually  untwists,  it  rotates  the  bit  step  by 
step,  so  that  the  bottom  of  the  hole,  while 
drilling  is  in  progress,. is  somewhat  as  shown 
in  Fig.  3,  in  which  the  direction  of  rotation 
is  indii'ated  by  the  arrows  d  and  e.  To  hold 
tbe  bit,  to  help  gnide  it,  to  add  to  the  force 
of  its  blows,  and  to  release  it  when  from  any 
cause  it  gets  stuck  in  the  hole,  there  are 
strung  above  it  certain  tools  which,  with  the 
bit,  are  known  as  the  "string"  ;  this  con- 
sists of  rope  socket,  Jars,  sinker  bar,  and  bit, 
put  together  in  the  order  named.  In  Fig.  4 
is  shown  a  good  form  of  rop<  torkft,  by  which 
the  rope  is  very  securely  gripped  ;  in  another 
kind  the  rope  is  held  by  rivets  passing  through 
it.  The  j(ir«  are  shown  in  Fig.  6 ;  they  are  not 
usually  put  on  until  rock  is  reached ;  their 
duty  is  to  prevent  Iocs  of  the  tools  when 
from  any  cause  they  become  wedged  in  the 
hole ;  the  two  parte,  a  and  h  in  the  fl^^ure. 
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ue  linked  h^ether  like  the  linke  of  a  chain  ; 
if  the  bit  becomes  jammed,  a  few  inches  of 
rope  are  let  oS  the  reel,  caueing  the  jare  to 
hat^  loose  ;  when  the  engine  ie  etarted,  tbe 
two  parts  come  t<^ether  with  a  "jar,"  hence 
the  Dame  of  the  tool,  and  quickly  free  the 
bit.  Sometimes  a  loose  piece  of  rock  will  fall 
in  from  the  aide  of  the  hole,  and  thua  wedge 
the  tools ;  or,  a  newly-dressed  bit — slightl; 
larger  than  Uie  worn  one  it  replaced — gets 
jammed ;  the  jara  will  then  fr«e  the  tools 
where  a  steady  poll  would  often  completely 
Eail.  This  points  to  tbe  advisability  of  not 
nsing  a  bit  too  long.  The  sinker  bar  (see 
Pig.  7)  is  added  fbr  holes  that  are  more 
than  a  few  hundred  feet  deep,  the  additional 
weight  being  then  neccesary  because  the  very 
long  column  of  water  through  which  the 
tools  have  to  drop  retards  their  speed  and 
redacee  the  force  of  the  blows.  Every  so 
often,  as  drilling  progresses,  it  is  necessary  to 
clean  out  the  bote ;  for  this  purpose  the  sand 
pnmp(»eeFig.  S)isuBed.  The  string  of  tools 
being  hauled  out,  the  pump  Is  lowered  until 
it  strikes  the  bottom  of  the  hole ;  in  the  act  of 
Striking,  the  pipe  falls  around  the  projecting 
end  and  raises  tbe  valve,  and  some  drillings 
enter  the  pipe  ;  this  operation  is  repeated  by 
simply  lifting  and  dropping  the  pump  until 
fnll,  when  it  ie  taken  out  and  emptied  ;  on 
its  way  out  of  the  well,  the  weight  of  the 
contents  keeps  tbe  valve  closed  ;  when  It 
reaches  the  top,  a  man  detaches  it  and 
carries  it  to  a  convenient  place  for  emptying, 
where  he  sets  it  on 
end— valve  do  wn— 
and  allows  the 
weight  of  the  pipe 
to  open  the  valve 
and  the  contents  to 
discharge  t  h  e  m  - 
selves. 

alternate  drilling, 
driving,  and  sand 
pumping,  length 
after  length  of  pipe 
is  forced  into  the 
earth,  until  the  re- 
quired amount  and 
quality  of  water  is 
found,  or  until  bed 
rock  is  reached. 
The  pipe  used  is 
from  4  inches  to 
24  iDcbes  in  diameter— 6-inch  being  the 
best  size  for  ordinary  water  wells.  This 
pipe,  either  of  iron  or  steel,  is  made  in  IS-  to 
20-foot  lengths.     The  several  lengths   are 
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screwed  te^ther  as  they  are  driven  into  the 
earth.  It  is  made  in  various  weights,  the 
manuiacturers  furnishing  whatever  weight 
is  ordered  ;  S-inch  pipe  weighs  from  10  to  30 
pounds  a  foot,  according  to  its  thickness. 
Water  is  poured  into  the  pipe  as  drilling  and 


driving  progress,  and  the  drill,  which  weighs 
from  300  to  4,000  pounds,  is  raised  by  the 
engine,  and  allowed  to  drop,  30  to  80  times  a 
minute.  The  drill  crushes  and  grinds  earth 
and  rock  into  powder,  of  which  the  water 
makes  mud  and  slush,  which  is  periodically 
pumped  out  by  the  ^and  pump,  as  already 
fully  described.  As  the  hole  is  deepened, 
more  pipe  is  screwed  on  and  driven,  either 
by  a  driving  maul  weighing  several  hundred 
pounds  or  by  the  string  of  tools.  If  the 
latter  method  is  adopted,  the  tools  are  let 
down  into  the  pipe  for  a  few  feet,  and  a 
clamp  screwed  to  them  so  as  to  strike  on  a 
drive  cap  on  top  of  the  pipe ;  as  the  tools 
are  very  heavy,  and  are  raised  and  dropped 
many  times  a  minute,  they  drive  the  pipe 
very  rapidly,  sometimes  at  the  rate  of  from 
25  to  100  feet  a  day,  depending  on  the  forma- 
tion driven  through. 

There  is  a  heavy  steel  shoe  on  the  bottom 
length  of  pipe  to  prevent  stones  and  boulders 
from  crushing  it  in.  Sometimes  the  drill 
works  ahead  of  the  pipe  and  makes  a  hole 
for  it  to  follow  in — that  is,  if  the  formation 
will  stand  up;  at  other  times  the  pipe  is 
driven  first  and  afterwards  drilled  out ;  tbe 
driller  must  use  his  judgment  about  this  and 
many  other  matters. 

If  satisfactory  water  is  not  found  before 
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rock  is  reached,  the  pipe  is  driven  hard  to 
make  a  tight  joint  with  the  rock  and  thus 
shut  off  surface  water,  and  the  drilling  is 
continued  in  the  rock,  and  no  more  pipe 
used,  the  rock  forming  the  wall  of  the  well, 
if  the  latter  is  not  more  than  a  few  hundred 
feet  deep.  The  water  thus  obtained  is  from 
the  veins  or  seams  in  the  rock. 

Each  driller  carries  with  him  a  complete 
blacksmith  outfit,  and  he  usually  has  plenty 
of  use  for  it  The  string  of  tools  is  from  15 
to  50  feet  long,  and  weighs,  as  already  men- 
tioned, from  300  to  4,000  pounds  ;  the  vari- 
ous tools  are  screwed  together  so  well  that  it 
is  very  seldom  they  come  unscrewed  in 
the  hole. 

When  a  bit  wears,  say,  ^  to  i  of  an  inch 
smaller,  the  tools  are  drawn  out  of  the  well 
by  the  engine,  and  the  bit  is  unscrewed  by 
heavy  tool  wrenches  that  weigh  from  50  to 
several  hundred  pounds  each  ;  another  bit, 
which,  while  the  drilling  has  been  going  on, 
the  blacksmith  has  dressed  to  full  size  and 
proper  shape,  is  put  on,  the  hole  sand- 
pumped,  the  tools  lowered  back  into  posi- 


tion, and  the  drilling  continued.  The  hole 
'  should  be  kept  as  nearly  as  possible  the 
same  diameter  from  top  to  bottom,  and  per- 
fectly straight  and  plumb. 

When  the  proper  quality  and  quantity  of 
water  is  found,  the  well  is  tested  by  means 
of  the  sand  pump  or  by  a  power  or  steam 
pump  or  ejector ;  then,  if  all  is  satisfactory, 
it  only  remains  to  place  the  necessary  pump- 
ing apparatus,  that  is,  in  case  the  well  does 
not  flow. 

The  speed  of  drilling  varies  from  a  few 
inches  to  sometimes  50  or  more  feet  a  day, 
according  to  the  nature  and  hardness  of  the 
formation. 

In  conclusion,  it  is  only  just  to  say  that  for 
the  illustrations  accompanying  this  article 
the  writer  is  indebted  to  the  Keystone  Driller 
Co.,  Beaver  Falls,  Pa.,  who  are  probably  the 
best  known  manufacturers  of  well  machin- 
ery. To  any  one  who  wishes  to  more  fully 
investigate  this  subject,  the  company  would 
no  doubt  send  their  catalogue,  which  con- 
tains some  important  as  well  as  interesting 
details. 
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BEFORE  the  days  of  steam  power,  when 
a  warship  attacking  a  fort  was  more  or 
less  at  the  mercy  of  winds  and  currents, 
experience  proved  that  one  gun 
ashore  was  more  effective  than 
many  afloat.  But  the  introduc- 
tion of  the  screw  propeller,  fol- 
lowed later  by  that  of  armor- 
plating  and  big  guns  mounted 
on  speedy  vessels,  wrought 
great  and  radical  changes  in 
this  direction,  for  it  left  a  hostile 
fleet  free,  under  cover  of  dark- 
ness or  fog,  to  move  swiftly  past 
^]ioTe  batteries,  and  anchor 
securely  in  positions  from  where 
their  fire  could  destroy  the  adja- 
cent city  or  compel  the  pay- 
ment of  an  enormous  ransom. 
Furthermore,  the  enemy's  ships — under 
better  control,  less  vulnerable,  and  pos- 
sessed of  much  higher  speed  than  formerly 
— were  to  be  encountered    by  guns  more 


Fig. 


unwieldy  and,  in  most  of  the  harbors,  due 
to  the  naturally  contracted  sites  available  for 
shore  batteries,  much  smaller  in  numbers 
than  those  afloat.  The  defense 
thus  found  itself  at  a  great  dis- 
advantage, and  as  a  conse- 
quence the  attention  of  military 
engineers  was  urgently  directed 
to  the  devising  of  some  means  of 
holding  the  enemy  under  fire 
and  depriving  him  of  the  com- 
parative immunity  resulting? 
from  high  speed,  and  so  restor- 
ing to  the  defense  its  lost 
superiority. 

This  vitally  important  object 
has  been  accomplished  by  the 
modern  submarine  mine,  the 
destructive  power  of  which  has 
made  it  an  essential  auxiliary  of  the  land 
gun.  In  a  judicious  system  of  harbor 
defense  the^e  mines  are  indeed  indispensable, 
for,  while  the  guns  are  necessarj-  to  develop 
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the  fait  power  of  the  minee,  the  latter  are  no 
leee  eesential  as  a  protection  for  the  guns. 
TbnB,     submarine     mines     are     invariably 
defended  by  heavy  guna  placed  in  batteries 
secure  against  landing  parties ;  othervise, 
the  enemy's  small    boats  could  creep    for 
them  or  else  clear  a  passage  through  them 
by  exploding  so-called  countermines- 
Submarine  mines  were  extensively  used  by 
the  Confederates  during  the  Civil  War,  and 
Germany  made  good  use  of  them  during  the 
Franco-Prussian  war  in  keeping  the  French 
fleet   from   bombarding   her  ports.     Since 
those  times,  however,  and  especially  recently, 
great  improvements  have  been  made  in  the 
mechanisms   employed,  and  the  introduc- 
tion of  high  explosives,  such  as  dynamite 
and  guncotton, 
instead  of  gun- 
powder,  has 
immensely  in- 
creased their 
power  and   de- 
Btructive  range. 
The   simplest 
form  of  mine  is 
represented    i  n 
Fig.  I ;    this    is 
the  coniact  mnw. 
It  consists  main- 
ly  of  an   m>n 
case  c  which  is  ■ 
coimect«d  by  a 
cable  b  to    the 
sinker  «,  the  lat- 
ter being  of  su  Hi - 
cient  weight  to 
hold  the    mine 
in   place.      The 
case  r;  In  which 
the   explosive  Kir;.  2.— Exci.O'inN  ok  *  (iKD 

charge  is  stored, 

is  provided  with  a  number  of  project- 
ing points  p,  each  of  which  is  armed  with 
a  firing  pin.  If  any  one  of  these  tiring  pins 
is  struck  by  a  passing  vessel,  it  will  be  driven 
in,  exploding  a  percussion  cap  and  causing 
•  the  charge  to  buret.  The  distance  below  the 
surface  of  the  wat«r  at  which  the  mine  is 
suspended  must  be  so  arranged  that  it  is  not 
too  near  the  surface  when  the  tide  is  low, 
nor  at  too  great  a  depth  when  the  tide  is 
high.  An  immersion  of  at  least  8  feet  is 
oeceswry  to  cause  the  charge  to  explode 
with  sntBcient  force  to  destroy  a  modern 
battle-ebip ;  hence  this  should  be  the  depth 
of  the  mine  at  low  water.  If  the  difference 
between  high  tide  and  low  tide  is  very  great, 
it  may  not  be  possible  to  make  the  contact 


mine  effective  for  all  conditions ;  this  is  a 
defect,  to  remedy  which  numerous  devices 
have  been  suggested,  the  main  idea  being  to 
antomatically  increase  or  diminish  the  length 
of  the  attached  cable  as  the  tide  rises  and 
falls,  thus  keeping  the  mine  at  a  constant 
distance  below  the  surface. 

In  its  simple  form,  the  contact  mine  is 
dangerous  to  friend  as  well  as  to  foe,  and,  if 
it  gets  adrift,  it  may  sink  a  harmless  mer- 
chant ship ;  the  only  reasons  for  its  use, 
then,  are  its  simplicity  and  the  fiict  that  It 
can  be  improvised  at  short  notice.     It  is 
evident  that  the  efficiency  of  this  mine  will 
be  greatly  reduced  by  a  strong  current,  for  it 
may  be  forced  down  so  far  as  to  be  rendered 
useleatt.    Where  the  currents  are  rapid,  there- 
fore, and  in  nar- 
r  o  w    channels. 
these  mines  are 
usually     placed 
on  the  bottom, 
and   are  then 
called  ffrinmil 

which    we  will 
describe  lat^r. 

Nowadays, 
electricity  is  the 
chief  igniting 
agent  used  in 
submarine  war- 
fare, because  it 
enables  the  ob- 
structed chan- 
nels to  be  safely 
traversed  by 
friendly  vessels. 
The  elei-tro-con- 
tactn; 
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eral  principles  as  the  contact  mine,  but 
some  of  the  weaknesses  of  the  latter  are 
absent.  When  one  of  the  firing  pins  is 
driven  in,  instead  of  exploding  a  percussion 
cap,  it  simply  closes  a  break  in  an  electric 
circuit  that  passes  through  the  charge,  and 
this  does  not  necessarily  explode  the  chorKe, 
for  the  following  reason :  There  is  an  electric 
cable  leading  from  the  chaise  to  the  sinker, 
or  an<:h[ir,  and  thenre  Ui  a  station  on  shore  ; 
at  this  station  there  is  another  break  in  the 
circuit,  and,  unless  this  latter  break  has 
previously  In.-en  closed,  the  driving  in  of  the 
firing  pin  will  not  explode  the  mine.  Herein 
is  an  element  of  safety  to  friendly  ships. 
When  no  enemy  is  in  sijiht,  and  friendly 
ships  are  passin)!  in  and  out,  the  break  at 
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the  ehoi«  station  is  left  open,  ho  that  if  a 
mine  IB  struck  it  will  not  explode.  Thus,  a 
vessel  chased  by  an  enemy's  cruiser  cowld 
paaa  over  the  mines  with  absolute  safety, 
while  to  the  pursuer  they  would  at  once 
become  deadly  engines  of  destruction.  In 
these  mines  the  firing  pins  are  fitt«d  with 
springs,  wiiich  cause  them  to  return  to  their 
proper  poeitionsiD  case  they  are  accidentally 


driven  in.  In  addition  to  this  ingenious  con- 
trivance, many  devices  have  been  invented 
and  adopted  which  add  to  the  efficiency  of 
the  mines,  and  most  of  them  ore  perfect  little 
marvels  of  ingenuity  and  delicate  mechanism. 

But  there  is  an  improvement  on  both  the 
contact  and  the  electro-contact  mines,  which 
is  now  u<ied  whenever  the  conditions  make 
it  possible.  This  is  the  observation  mine- 
Here,  the  mine  and  the  firing  mechanism 
are  in  separate  cases  ;  there  is  a  contact  buoy 
containing  the  tiring  pins,  which  is  placed  a 
few  feet  below  the  surface  of  the  water  and 
connected  by  a  cable  to  the  mine  itself, 
which  is  several  feet  below  the  buoy,  the 
whole  l>eing  attached  to  an  anchor.  An 
electric  cable  connects  the  mine  with  the 
shore  station  and  there  are,  for  each  mine, 
two  distinct  and  separate  electric  circuits, 
one  for  signaling  and  the  other  for  firing. 
Whenever  a  firing  pin  of  the  contact  buoy  is 
touched,  the  signaling  circuit  is  closed,  and 
this  either  rings  a  bell  or  displays  an  electric 
light  at  the  shore  station.  Under  each  bell 
or  signal  light,  whichever  it  may  be,  is  a  key 
for  closing  the  corresponding  firing  circuit. 

When  one  of  the  bells  rings,  the  observer 
at  the  keyboard  in  the  shore  station  knows 
that  the  buoy  above  the  corresponding 
mine  has  been  struck,  and  he  immedi- 
ately touches  the  key  below  that  bell  and 
thus  closes  the  firing  circuit  and  causes  the 
mine  to  explode.  The  shore  station  should 
be  underground,  and  large  enough  to  allow 
the  operator  to  be  comfortably  seated  within 


easy  reach  of  the  firing  battery  and  key.  If 
possible,  the  station  should  be  hidden  from 
view  with  bushes  or  whatever  vegetation 
may  grow  around  ;  if  in  barren  ground,  ihe 
roof  should  be  painted  as  nearly  as  possible 
the  same  color  as  the  surrounding  soil. 
These  precautions  are  very  important,  since 
a  single  well-aimed  shell  from  an  enemy  that 
discovers  the  station  will  render  a  whole 
mine  field  useless. 

Observation  mines  are  usually  placed  in 
groups  of  from  four  to  seven,  as  shown  in 
Fig.  a.  The  groufis  are  placed  in  two  or 
more  lines,  so  that  a  ship  which  happens  to 
pasaMiwCTi  the  groups  of  one  line  will  surely 
pass  (/ivT  the  mines  in  the  next  line ;  and 
the  mines  are  anchored  at  a  sufficient  dis- 
tance apart  to  prevent  the  shock  from  the 
explosion  of  one  from  causing  the  adjoininit 
mine  to  explode. 

When  the  depth  of  water  is  considerable, 
or  the  current  very  swift,  the  mines  hitherto 
described  cannot  be  used,  and  the  ground 
mine  is  resorted  to.  This  mine  simply  rests 
on  the  bottom,  and  mnst  be  quite  heavy  ; 
and  the  greater  the  depth  of  the  water,  Uie 
greater  amount  of  explosives  will  have  to  be 
used.  For  instance,  a  depth  of  &')  feet  will 
call  for  a  charge  of  1,200  pounds  of  gun- 
cotton — equivalent  in  explosive  power  to 
about  4,800  pounds  of  ordinary  powder. 

The  method  of  firing  a  ground  mine  is 
very  simple  and  ingenious.  Two  observers 
are  usually  employed  to  determine  when  the 
hostile  ship  is  directly  over  the  mine.    The 


two  shore  stations,  o  and  o'  in  Fig.  4,  and 
the  mine  m  are  all  in  the  some  electrical 
drcuit,  being  connected  by  a  cable  in  which 
are  two  circuit  breaks,  one  at  each  station. 
These  two  breaks  must  be  closed  simul- 
taneously, or  the  mine  will  not  explode. 
Each  observer  has  a  telescope  fixed  on  a 
vertical  pivot  which  permits  it  to  swing 
toward  any  point  on  the  horizon,  and 
each   telescope   is  so  arranged  that  when 
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poioting  directly  towards  the  mine  the  break 
•t  the  electrical  circuit  at  that  statioo  will  be 
doeed.  The  obeervera,  therefore,  simply 
keep  their  tetescopee  pointing  toward  the 
advancing  ebip  \  then,  if  the  enemy  passes 
over  the  mine,  both  telescopes  will  at  the 
same  instant  be  pointing  toward  him  and 
also  toward  the  mine  ;  this  will  cause  both 
breaks  in  the  firing  circuits  to  be  simul- 
taneously closed,  and  tbe  mine  will  explode 
under  the  ship.  This  would  be  the  case 
with  the  ship  at  b  in  Fig.  4,  provided  she 
keeps  her  course,  while  the  ships  at  a  and  c 
will  not  pass  over  the  mine.  With  ships  a 
and  c,  then,  the  two  circuit  breaks  will  never 
be  clomd  at  the  same  time,  and  the  mine 
will  not  be  exploded.    This  very  simple  but 


location  of  each  mine,  and  in  addition  put 
down  the  number  corresponding  to  it.  This 
complied  with,  a  boat  was  rowed  in  a  circle 
around  the  spot  where  each  mine  had  dis- 
appeared, to  indicate  its  zone  of  destnic- 
tiveness,  and  the  man  in  the  tower,  watching 
the  moving  image  of  the  boat,  traced  a  cor- 
responding little  circle  Upon  the  table.  In 
this  manner  a  picture,  or  map,  of  the  harbor 
was  obtained,  upon  which  were  small  num- 
bered circlea  indicating  the  location  and 
numl>er  of  each  mine.  Inside  the  tower 
and  within  easy  reach  of  the  observer  were 
electrical  wires  leading  to  the  several  mines. 
During  an  attack,  the  duty  of  the  observer 
was  to  watch  the  approaching  fleet  as 
reflected  on  the  camera  table,  and,  as  soon 


ingenions  system  prevents  a  valuable  ground 
mine  from  being  needlessly  exploded. 

During  the  defense  of  Venice  in  1859, 
ground  mines  exclnsively  were  used.  The 
Aostrians,  who  at  the  time  had  possession  of 
the  city,  decided  to  plant  mines  in  the  har- 
bor and  in  tbe  channel  leading  to  it,  to  pre- 
vent tbe  Italian  fleet  from  entering ;  their 
method  of  exploding  the  mines  is  illustrated 
in  Fig.  5.  A  camera  obscnra  was  placed  at 
a  convenient  spot  overlooking  the  harbor,  in 
fucb  a  position  that  the  mirror  m  reflected 
tbe  view  throtigh  the  lens  e  e'  upon  a  large 
white  table  T;  in  this  manner  every  move- 
ment of  any  vessel  in  the  harbor  was  ren- 
dered plainly  visible  to  the  officer  within. 

The  mines  were  now  sunk,  while  an 
obiterver  in  the  camera  tower  made  a.  pencil 
mark,  indicating  upon  the  table  the  exact 


as  he  saw  a  vessel  come  within  one  of  the 
little  circles,  to  at  once  explode  the  corre- 
sponding mine  by  closing  the  circuit  in  the 
wire  leading  to  it.  Of  course,  this  optical 
system  could  be  used  in  the  daytime  only, 
unless  at  night  the  harbor  was  well  illumin- 
ated with  electric  light. 

In  many  forts  that  guard  the  entrance  to  a 
harbor,  tlie  guns  are  monnted  in  such  a 
manner  that  they  cannot  be  trained  upon 
the  inner  harbor,  so  that  a  ship  that  has 
succeeded  in  penetrating  to  this  inner  har- 
bor would  be  practically  free  to  use  ber  guns, 
and  cause  what  damage  she  wished  upon  the 
rear  and  flanks  of  the  forts.  Such  harbors 
are  generally  supplied  with  ground  mines 
containing  enormous  charges  of  explosives, 
for  the  purpose  of  reducing  the  intruder  to 
fragments. 
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The  explosives  now  most  commonly  ased 
in  submarine  mines  are  guncotton,  dynamite, 
and  explosive  gelatine.  These  are  superior 
to  gunpowder,  not  only  because  their 
destructive  power  is,  weight  for  weight,  from 
four  to  six  times  as  great,  but  because  they 
are  not  seriously  affected  by  moisture;  in 
other  words,  a  leak  in  the  case  containing 
the  charge  will  not  render  it  useless,  as  it 
would  if  gunpowder  were  used.  The  pres- 
sure necessary  to  blow  a  hole  through  the 
bottom  of  a  modem  battle-ship  has  been 
estimated  to  be  from  6,000  to  10,000  pounds 
per  square  inch. 

To  find  the  approximate  distance  at  which 
a  given  charge  of  high  explosive  will  be  fatal 
to  a  ship's  bottom,  the  rough  rule  is  to  divide 
the  weight  of  the  charge  in  pounds  by  10 ; 
this  gives  the  distance  in  feet  at  which  the 
charge  will  destroy  a  double  bottom — sup- 
posing the  charge  to  be  well  immersed. 
Thus,  500  pounds  of,  say,  explosive  gelatine 
would  prove  fatal  at  a  distance  of  about  50 
feet.  In  practice,  however,  this  distance  is 
considered  the  maximum,  and  a  less  range  is 
expected. 

Even  where  the  explosion  of  the  mine  fails 
to  blow  a  hole  through  the  ship's  bottom, 
the  shock  may  cause  serious  damage  by 
throwing  delicate  machinery  out  of  action, 
injuring  electrical  appliances,  or  stopping 
the  ship's  enginef>,  thus  placing  her  in  a 
position  of  much  danger.  Again,  the  tre- 
mendous concussion  may  cause  the  detona- 
tion of  high  explosives  within  the  ship, 
resulting  in  her  complete  destruction. 

It  is  an  interesting  fact  that  every  explo- 
sive is  most  sensitive  to  one  particular  kind 
of  shock  or  vibration  ;  that  is  to  say,  a 
shock  or  vibration  that  will  cause  the  explo- 
sion of  one  charge  will  not  necessarily  cause 
the  explosion  of  any  other ;  but  if  that 
explosive  is  subjected  to  that  shock — even 
though  comparatively  light — it  will  be  very 
liable  to  explode.  It  is  therefore  of  para- 
mount importance,  on  board  a  man-o*-war, 
to  store  the  high  explosives  where  they  will 
be  free  from  shocks  or  violent  vibrations  ; 


and  it  is  equally  important  that  the  defend- 
ers cause  such  violent  vibrations  as  to  render 
the  invader  harmless. 

In  connection  with  the  history  of  sub- 
marine mines,  there  are  many  records  of 
bravery  and  heroism .  During  the  Civil  War, 
the  Confederates  were  particularly  clever  in 
the  use  of  mines  for  obstructing  channels 
and  rivers  ;  and  during  the  struggle  no  less 
than  twenty-five  ships  of  war  fell  prey  to 
them,  in  addition  to  the  many  that  were 
more  or  less  injured  by  them.  How  Admiral 
Porter  took  his  squadron  safely  through  a 
field  of  mines  by  the  adoption  of  a  clever 
ruse  is  a  matter  of  history  so  well  known  as 
to  need  but  passing  mention.  The  admiral 
well  knew  that  the  river  was  ''planted," 
but  the  exact  location  of  the  mines  he,  of 
course,  did  not  know.  So  he  built  a  dummy 
monitor,  of  wood,  taking  great  pains  to  make 
it  look  as  much  like  a  real  monitor  as  possi- 
ble. This  done,  he  ordered  the  whole  squad- 
ron to  advance  in  single  column,  with  the 
dummy  at  its  head..  As  soon  as  the  impro- 
vised craft  reached  the  mines,  the  latter  were 
exploded  and  the  dummy  blown  to  pieces, 
while  the  rest  of  the  squadron  passed  on 
without  the  least  injury. 

In  our  recent  war  with  Spain,  Admiral 
Dewey,  in  command  of  the  Asiatic  squadron 
of  the  Ignited  States  Navy,  made  himself 
fiEunous  by  running  over  a  mine  field  and 
attacking  the  Spanish  warships  at  their 
anchorage  in  Manila  Bay.  Truly  this  was  a 
risky  undertaking,  to  enter  a  comparatively 
unknown  harbor  that  he  knew  to  be  planted 
with  mines,  and  it  proved  the  admiral's 
fighting  quality ;  for,  however  brave  a  man 
may  be,  he  may  be  excused  for  thinking 
twice  before  engaging  with  an  enemy  that 
he  cannot  see.  Sailors  have  a  great  and 
natural  respect  for  submarine  mines,  and 
usually  give  them  as  wide  a  berth  as  possible. 
A  t  Manila,  judging  by  the  mines  that  were 
exploded  in  the  wake  of  the  squadron,  Dewey 
evidently  caught  the  Spanish  operators 
''napping"  at  their  shore  stations,  and  in 
this  no  one  will  deny  that  he  was  fortunate. 
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Stkp  III :  Frying  ;  Choice  of  Fat  ;  Preparation  of  the  Food  Materials. 


FRYING,  of  which  there  are  two  distinct 
kinds,  is  cooking  in  hot  fat.  There  is 
deep-fat  frying,  the  name  of  which 
explains  itself,  and  mviHng^  or  frying  in  a 
small  quantity  of  fat  in  a  shallow  pan.  For 
more  than  one  good  reason,  people  would  be 
wiser  if  they  did  not  eat  fried  food  at  all. 
In  the  first  place,  it  is  very  indigestible  ;  in 
the  second  place,  it  fills  the  kitchen  with  a 
most  disagreeable  odor — the  smell  of  smoking 
fat — and  if  the  house  is  a  small  one  the. smell 
will  find  its  way  into  the  living  rooms,  and 
is  of  such  a  penetrating  kind  that  it  is  very 
difficult  to  get  rid  of.  For  this  second  reason, 
then,  people  who  live  in  small  houses  should 
eat  fried  foods  as  little  as  possible,  and  if  the 
mistress  of  the  house  does  her  own  cooking 
she  should  put  on  the  oldest  cotton  dress 
she  possesses,  and  tie  her  hair  up  in  a  thick 
cloth,  so  as  to  exclude  the  fumes  of  the  smo- 
king fat.  What  is  more  unpleasant  than  to 
enter  a  house  that  smells  of  the  frying  pan, 
to  be  greeted  by  a  lady  whose  hair  and 
clothing  is  redolent  of  smoking  fat!  The 
fact  that  fried  food  is  indigestible  will,  we 
fear,  never  stop  an  American  from  eating  it, 
and,  as  food  properly  fried  is  much  less  indi- 
gestible than  food  badly  fried,  there  is  good 
reason  why  the  housewife  should  know  what 
there  is  to  know  about  the  art  of  doing  it 
well. 

We  will  begin  with  deep-fat  frying.  Many 
people  imagine  that  the  fat  in  the  frying  pan 
boils,  because,  when  hot  enough  to  cook 
in,  it  bubbles.  This  is  a  mistake ;  fat  does 
not  boil  until  it  reaches  a  temperature  of 
between  550°  and  600°  Fahrenheit ;  whereas 
the  proper  temperature  to  do  frying  in  is 
about  385°.  It  is  true  that  at  the  latter  tem- 
perature the  fat  bubbles,  but  this  is  caused 
by  the  water  in  it  evaporating. 

When  a  food  material  is  immersed  in  hot 
fieit,  the  result  is  similar  to  that  explained  in 
previcms  articles  in  connection  with  boiling 
and  roasting — the  albumen  on  the  outside  is 
hardened,  and  thus  the  juices  in  the  food 
are  retained.  The  secret  of  successful  deep- 
fot  frying  is  to  have  the  fat  hot,  and  to  have 
plen^  of  it. 
Articles  to  be  fried  should  first  be  dried. 


then  dusted  over  with  flour.  This  prevents 
any  water  that  the  food  contains  from 
escaping  into  and  lowering  the  temperature 
of  the  fat,  in  which  event  the  food  will 
soak  up  the  &t  and  become  not  only  very 
greasy  and  unpalatable  but  also  exceedingly 
unwholesome. 

Fish,  meat,  croquettes,  and  fish  balls 
should  be  rolled  in  either  flour  or  bread 
crumbs,  then  in  egg^  and  again  in  the  bread 
crumbs ;  when  plunged  into  the  &t,  the 
albumen  in  the  ^;g  immediately  hardens, 
and,  with  the  crumbs,  forms  a  crust  that 
effectually  prevents  the  fat  from  soaking  in. 

A  mixture  of  pure  lard  and  beef-suet  drip- 
ping is  very  good  for  frying  purposes,  but 
the  lard  alone  is  preferable.  Suet  from  lamb 
or  mutton  should  not  be  used,  as  it  has  a 
very  strong  taste  and  odor.  Olive  oil  is  best, 
but  as  this  is  very  expensive  it  is  rarely 
used.  A  product  of  the  cotton  seed,  called 
cottoletie,  is  much  used  down  South,  and,  if 
fresh,  is  very  good,  though  many  people 
object  to  it  because  of  its  peculiar  odor. 

An  iron  kettle  with  a  good  lip  or  spout. for 
pouring  is  best  to  heat  the  fat  in.  Put  about 
2  pounds  of  fat  into  this  kettle,  and  let  it 
heat  until  it  smokes.  Then  test  the  heat  by 
dropping  in  a  small  piece  of  bread ;  if  it 
browns  while  you  count  30  seconds,  the  fat 
is  hot  enough  to  cook  raw  potatoes,  dough- 
nuts, fritters,  etc.  For  cooking  croquettes, 
fish  balls,  or  anything  made  of  food  that  has 
been  cooked  before,  the  fat  must  be  hotter  ; 
for  these  the  bread  must  brown  in  20  seconds. 

The  articles  to  be  fried  should  be  placed 
in  a  frying  basket — a  wire  basket  made 
specially  for  the  purpose.  Never  drop  the 
articles  into  the  fat  singly,  as  it  is  then  impos- 
sible to  get  them  all  out  at  the  right  time ; 
and  do  not  put  too  many  in  the  basket  at 
one  time,  or  the  fat  will  be  cooled  so  much 
that  instead  of  being  cooked  the  food  will 
soak  up  the  fat  and  be  spoiled.  Have  upon 
the  stove,  at  your  side,  a  large  dripping  pan 
with  several  sheets  of  unglazed  paper  in  it, 
upon  which  to  drain  the  food  after  cooking. 
Taking  hold  of  the  handle,  plunge  the  basket 
into  the  hot  fat — letting  it  become  entirely 
immersed — and    keep    it    there    until    the 
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articles  are  done ;  then,  raising  the  basket, 
hold  it  over  the  kettle  until  the  adhering  fat 
has  dripped  off ;  then  empty  into  the  drip- 
ping pan.  Do  not  allow  the  separate  articles 
to  touch  one  another  while  on  the  paper, 
and  you  will  find  that  much  of  the  fat  remain- 
ing on  them  is  absorbed. 

Before  the  fat  is  put  away,  after  use,  it 
should  be  clarified.  Take  a  large  potato  and 
cut  it  into  slices  about  half  an  inch  thick, 
and,  after  the  fat  has  cooled  a  very  little, 
drop  them  into  it  and  set  aside  where  it  will 
not  be  disturbed  until  quite  cool ;  then, 
before  it  has  begun  to  solidify,  pour  off  into  a 
crock  or  pail  kept  for  the  purpose,  and  it 
will  be  found  that  all  the  particles  of  food, 
fiour,  crumbs,  etc.  that  had  escaped  into  the 


&t  have  settled  to  the  bottom  with  the  potato 
chips.  This  fat  can  be  used  many  times  if 
care  is  taken  in  the  clarifying  of  it 

In  saut^ing,  a  very  small  quantity  of  £at  i£ 
used — enough  merely  to  well  cover  the  bot- 
tom of  the  pan.  Hash,  fish  steaks,  potatoes, 
small  steaks  of  veal  or  pork,  omelets,  eggs, 
etc.  should  be  saut^ed.  The  pan  should  be 
heated,  and  a  heaping  tablespoonfiil  of  fat 
melted  in  it ;  then  the  food  material,  after 
being  prepared  as  already  described  in  con- 
nection with  deep-fat  frying,  put  in  and 
quickly  browned,  first  on  one  side,  then  on 
the  other.  Cakes  of  all  kinds  that  are  cooked 
on  the  griddle  are,  in  reality,  fried,  though 
no  more  fat  is  used  than  is  needed  to  pre- 
vent them  from  sticking  to  the  griddle. 
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Transformed  Africa. — part  ii. 


THE  study  of  the  history  of  any  country 
will  show  that  its  development  is  closely 
connected  with  its  natural  physical  con- 
ditions, its  position,  and  its  configuration — 
in  short,  with  its  geography.  And  a  glance 
at  the  geography  of  Africa,  as  revealed  by 
modern  explorers,  explains  the  surprising 
fact  that  the  interior  of  this  great  continent, 
lying  in  the  pathway  of  ocean  travel  and 
within  sight  of  Europe,  should  have  remained 
a  sealed  book  until  the  nineteenth  century 
had  left  youth  behind.  Egypt,  it  is  true, 
was  in  the  forefront  of  ancient  civilization, 
and  northern  Africa  shared  in  the  vicissitudes 
of  early  European  history  as  a  part  of  the 
European  system,  washed  as  it  is  by  the 
waters  of  the  Mediterranean,  the  "Great 
Sea,"  once  the  highway  of  commerce  for  the 
civilized  world.  But  Egypt  is  only  a  narrow 
belt,  intersected  by  the  Nile ;  and  northern 
Africa  was  cut  off,  as  it  is  today,  for  all  prac- 
tical purposes,  from  the  rest  of  the  continent 
by  the  impassable  barrier  of  the  Sahara. 

Elsewhere  than  in  the  north,  African  geog- 
raphy is  peculiar,  and  of  a  character  calcu- 
lated to  discourage  the  explorer  who  seeks 
new  lands  for  settlement  by  civilized  men. 
It  is  estimated  that  a  full  half  of  the 
continent  is  occupied  by  deserts,  and  by 
infertile  lands  approximating  to  the  desert 
character.  Around  the  coasts,  where  good 
harbors  are  few  and  far  between,  lies  a  belt 


of  lowland  from  100  to  300  miles  in  width, 
where  malarial  fevers  of  all  kinds  prevail ;  in 
some  parts  the  white  man  is  a  sure  prey  to 
tropical  disease.   From  this  low  belt  the  land 
rises  steeply  in  a  succession  of  terraces  to  the 
central  plateau,  which  in  the  south  and  east 
attains  a  great  elevation  ;  far  less  than  that  of 
central  Asia,  but  quite  high  enough  to  be  a 
hindrance  to  the  migration  of  newcomers, 
which  naturally  follows  the  lines  of  least 
resistance.    In  most  regions  of  the  world  the 
rivers  form  natural  highways  by  which  a 
country  can  be  entered  and  explored ;  but 
African  rivers  are  rendered  impassable  by 
rapids  as  they  descend  from  the  elevated 
plateau  to  the  lowlands  of  the  coast.    What 
wonder,  then,  that  the  traveler  who  found 
himself  barred  from  access  to  the  interior, 
turned  his  back  on  Africa  and  sought  more 
hospitable  lands? 

The  configuration  of  Africa  is  thus  the  key 
to  its  history ;  for  the  inaccessibility  of  its 
highlands  and  its  unhealthy  coast,  combined 
with  its  tropical  situation,  have  contributed 
to  the  late  settlement  of  European  colonists. 
But  these  obstacles  are  no  longer  efifectual 
hindrances  ;  and  under  the  impetus  of  a  need 
for  colonial  expansion  on  the  one  hand,  and 
of  political  rivalry  on  the  other,  European 
influences  have  now  taken  firm  root. 

Our  maps  show  that  seven  European 
powers  have  claimed  a  share  in  Africa  ;  but. 
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for  the  present,  little  interest  attaches  to  five 
of  these.  Germany's  occupation  is  very 
recent,  and  has  been  attended  by  no  striking 
incidents;  while  Spain  and  Italy,  in  their 
small  coastal  territories,  chiefly  lowland,  are 
inert  and  unprogressive.  Portugal  has  a  long 
coast  line,  but  she  has  neither  the  wealth 
nor  (apparently)  the  energy  necessary  for 
the  development  of  the  healthier  **  hinter- 
land '^  in  which  colonies  might  be  planted — 
notwithstanding  the  hopeful  and  ambitious 
utterances  of  her  statesmen  respecting  the 
future.  Her  ports  of  Beira  and  Delagoa  Bay 
on  the  east  coast  are  mainly  used  by  foreign 
nations  for  their  own  commercial  purposes. 
The  day  may  come  when  these  countries  will 
give  a  better 
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account  of  their 
stewardship ;  if 
they  fail  to  do 
this,  their  inher- 
itance will  prob- 
ably beabsorbed 
by  those  who 
prove  them- 
selves more 
capable  admin- 
istrators. The 
Kongo  State, 
under  Belgian 
control,  occu- 
pies the  fertile 
basin  of  the 
second  largest 
river  system 
in  the  world, 
once  the  bed  of 
an  inland  sea. 
It  is  still  in  the 
initial  stages  of 
development, 
bat  steady 
progress  may 
be  expected, 
now  that  a  rail- 
way has  connected  the  coastal  lowlands  with 
the  Kongo  River  above  the  rapids  which 
render  it  unnavigable  as  it  descends  from 
the  interior  plateau  to  the  Atlantic  through 
a  channel  from  four  to  eight  miles  in  width. 
The  fature  of  the  Kongo  State  may  be  great ; 
but  for  the  present  the  British  and  French 
possessions  are  of  more  general  interest. 

The  sphere  of  Great  Britain  lies  mainly  in 
South  and  East  Africa,  and  includes  the 
g^reater  portion  of  the  subtropical  lands  which 
are  favorably  situated  for  European  settle- 
ment. It  is  fortunate  for  Great  Britain  that 
her   occupation  began  thus  at  the  south, 


whence  the  natural  line  of  expansion  was 
along  the  elevated  axis  of  the  continent,  whose 
general  direction  is  northeast,  towards  the 
shores  of  the  Red  Sea.  Commencing  with  a 
modest  colony  at  the  Cape  of  Good  Hope, 
which  was  ceded  by  the  Dutch  in  1814,  her 
boundaries  gradually  extended  by  ordinary 
processes  of  growth,  including  Natal  and 
Zululand  on  the  coast,  and  Bechuanaland  on 
the  north.  As  was  suggested  in  a  previous 
article,  the  sudden  appearance  of  Grermany  on 
the  stage  of  African  affairs  in  1884  hastened 
the  apportionment  of  such  parts  of  the  con- 
tinent as  were  not  already  under  European 
influence,  and  Great  Britain's  African  frontier 
was  pushed  rapidly  forward.    Although  the 

great  acquisi- 


tion, known  as 
Rhodesia  or 
Charterland,  has 
only  recently 
come  under  her 
flag,  a  railway 
already  pene- 
trates many 
miles  into  the 
heart  of  the 
country,  which 
five  years  ago 
was  under  the 
rule  of  barbar- 
ous tribes.  Its 
boundaries  skirt 
the  western 
shores  of  Nyas- 
sa,  one  of  the 
lakes  which 
form  so  remark- 
able a  feature  of 
East  Africa,  and 
touch  the  south- 
em  point  of  the 
long,  narrow 
Lake  Tangan- 
yika, on  which 
navigation  is  free  to  all  nations.  Two  hundred 
miles  beyond  the  northern  point  of  this  lake, 
lies  Uganda,  a  district  of  British  East  Africa, 
bordering  on  the  great  Victoria  Nyanza,  the 
source  of  the  White  Nile  and  second  only  to 
Lake  Superior  among  inland  fresh-water  seas. 
Thence  along  the  Nile  the  British  power 
predominates  without  interruption  through 
the  Sudan,  the  scene  of  Lord  Kitchener's 
recent  overthrow  of  the  Dervish  forces,  and 
through  Egypt,  which  is  virtually  under  a 
British  protectorate.  (See  Home  Study 
Magazine,  December,  1898,  page  526. ) 
A  British  railway   **  from    Cairo  to   the 
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Cape"  was  regarded  not  long  ago  by  sen- 
sible people  as  an  extravagant  fancy,  con- 
ceived in  the  brain  of  an  enthusiast.  Large 
sections  of  such  a  railway,  however,  already 
exist  in  North  and  South  Africa,  and  a  space 
of  only  500  miles  in  the  center  of  the  con- 
tinent separates  the  British  territories  in 
which  it  can  be  constructed,  when  commer- 
cial necessities  or  the  protection  of  the  coun- 
try demand  it.  The  surfSace  of  this  wide 
belt  of  land  varies  greatly.  There  are  desert 
spaces  in  the  south  and  west ;  infertile  lands 
where  cattle  raising  is  the  only  profitable 
agricultural  industry  ;  mining  districts  await- 
ing development ;  the  fiamous  diamond  fields 
of  Kimberley  ;  lowlands  in  river  basins  and 
on  the  coast,  where  the  prolific  soil  breeds 
malarial  disease ;  but  the  greater  portion, 
south  of  the  Sudan,  is  on  a  plateau  of  mod- 
erate elevation,  sufficiently  watered,  where 
the  climate  permits  white  races  to  make  a 
permanent  home  and  produce  the  neces- 
saries of  life. 

Quite  dififerent  are  the  British  settlements 
in  West  Africa.  These  lie  in  the  basin  of 
the  river  Niger,  where  the  climate  is  tropi- 
cal, and  the  elevation  above  the  sea  is  com- 
paratively low.  This  region  has  so  often 
proved  fatal  to  Europeans  that  it  has  earned 
the  name  of  *'the  White  Man's  Grave.*' 
Yet  here  are  officials,  traders,  and  mission- 
aries ;  and  so  important  are  the  commercial 
possibilities  of  the  country  that  Great  Britain 
and  France  hold  firmly  to  the  shares  which 
each  has  respectively  acquired ;  and  Ger- 
many has  claimed  and  secured  a  section  for 
future  development. 

The  French  sphere  lies  in  the  north  of 
Africa,  where,  beyond  the  coastal  r^on  of 
Senegal,  the  fertile  and  populous  basin  of  the 
upper  Niger,  and  the  province  known  as  the 
French  Kongo,  her  power  predominates  over 
two  million  square  miles  of— sand  and  desert. 
Algeria,  on  the  Mediterranean  coast,  was 
won  by  forty  years  of  fighting  with  Arab 
tribes,  and  has  now  an  orderly  government ; 
but,  notwithstanding  the  beauty  and  charm 
of  the  maritime  portion,  the  desert  charac- 
ter of  the  "hinterland"  forbids  profitable 
expansion.  Nor,  even  were  the  country 
fitter  for  settlement  by  Europeans,  are  the 
French  successful  colonizers.  Their  brilliant 
imagination,  enterprise,  and  courage  fit  them 
better  for  conquest  than  for  commerce  or 
colonization,  as  is  demonstrated  by  the 
history  of  the  past.  They  are  enthusiastic 
explorers,  and  dream  of  future  control  of  the 
northern  half  of  the  continent,  from  Senegal 
to  the  Red  Sea,  including  the  basin  of  Lake 


Chad  at  the  south  of  the  desert,  and  the 
upper  part  of  the  Nile  valley.  Suggestions 
have  been  made  for  moderating  the  climate 
of  the  waste  region,  and  for  promoting  com- 
merce by  providing  it  with  water  communi- 
cations. The  Sahara  was  once  the  bed  of  a 
salt  lake ;  and  it  is  proposed  to  reopen  the 
connections  with  the  Mediterranean  which 
Nature  has  gradually  closed,  and  thus  trans- 
form a  part  of  the  desert  into  an  arm  or  inlet 
of  the  sea.  This  sounds  chimerical ;  but 
what  may  not  the  twentieth  century  see? 
Meanwhile,  with  praiseworthy  skill  and 
industry,  efforts  are  being  made  to  redeem  in 
part  the  desert  barrenness ;  oases  are  culti- 
vated, and  are  even  created  by  boring  for 
water  which  is  generally  found  near  the  sur- 
face, by  planting  palm  trees,  and  by  encour- 
aging vegetation.  Yet  France  has  no  sur- 
plus population  to  provide  for ;  and  the 
most  ardent  colonizers  could  not  settle  in 
such  a  region  of  tropical  heat  and  aridity. 
A  few  roving  explorers,  and  the  necessary 
military  and  civil  officials,  constitute  the 
white  population  of  the  quarter  of  Africa 
over  which  the  tricolor  floats,  except  in  the 
maritime  provinces  of  Algeria  and  Tunis. 

The  degree  of  authority  exercised  over 
these  vast  European  possessions  differs  as 
much  as  does  the  character  of  the  soil. 
There  are  regularly  organized  colonies  with 
representative  governments  ;  there  are  crown 
colonies,  with  a  less  degree  of  independence ; 
there  are  chartered  companies,  which  are  in 
fact  colonies  in  process  of  formation  ;  there 
are  protectorates ;  military  posts ;  native 
states,  and  "  spheres  of  influence  "  ;  and  the 
administration  of  law  and  justice  varies  in 
each  of  these.  In  forming  a  judgment  of 
their  internal  condition  and  management, 
they  should  not  be  compared  with  countries 
inhabited  for  generations  by  races  with  whom 
law  and  order  are  traditionary  and  heredi- 
tary, but  with  the  state  of  things  which 
existed  in  Africa  fifty  years  ago.  And  it 
should  be  remembered  that  the  whites  are 
as  yet  but  a  small  minority  of  the.  popula- 
tion, even  in  the  older  settlements.  Rough 
and  ready  as  the  methods  of  administration 
may  be  in  districts  where  white  men  are 
still  pioneers,  the  standard  of  justice — as 
Christianity  and  civilization  demand  that  it 
should  be — is  incomparably  higher  than  the 
tyranny  of  force  exercised  by  the  native 
tribes  when  their  power  was  unbroken.  No 
less  a  result  could  justify  the  experiments 
which  are  now  being  tried  on  so  laiige  a  scale 
and  with  such  keen  competition  by  Euro- 
pean nations  in  Africa. 
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OBAR-TOOTH  LAYING  OUT  SCHEME. 

Harland  TiUtU,  Battle  Orcrk.  Mich. 

The  f<)Llowin(j  method  of  laying  out 
tooth  profiles,  without  employing  the  odonto- 
graphy is  usefii]  to  draftsmen,  but  is  intended 
especially  for  patternmakers,  because  they 
require — what  they  are  generally  without — 
the  means  of  obtaining  the  theoretical  profile 


Fig.  1. 

with  accuracy.  It  is  almost  impossible  to 
make  an  accurate  layout  by  means  of  inter- 
secting lines  as  used  in  the  drafting  room, 
but,  by  applying  the  simple  principles  on 
which  the  tooth  outlines  are  based,  great 
accuracy  can  be  obtained. 

Taking,  first,  the  cycloidal  teeth,  we  all 
know  that  the  profile  consists  of  two  curves 
— the  face  and  the  flank — ^the  first  of  which 
is  the  path  of  a  point  in  a  circle  rolling  on 
the  outside  of  the  pitch  line  of  the  gear,  and 
the  second  the  path  of  a  point  in  the  same 
circle  while  rolling  on  the  irmde  of  the  pitch 
line.  It  is  usually  advisable  to  make  gears 
on  the  interchangeable  system,  that  is,  so 
that  any  gear  will  run  with  any  other  of  the 

same  pitch ;  this  is 
accomplished  by  using 
the  same  rolling  circle 
for  all  gears  of  the 
same  pitch,  and  it  is 
customary  to  make  the 
diameter  of  this  circle  equal  to  the  radius  of 
the  smallest  pinion  in  the  set,  the  result 
being  radial  flanks  for  this  pinion,  which 
costom  has  decided  shall  have  twelve  teeth. 
Now,  suppose  we  wish  to  make  a  pattern 
of  a  gear  of  certain  circular  pitch  :  First  find 
the  diameter  of  the  rolling  circle,  then  turn 
up  a  wooden  disk  as  at  i2.  Fig.  1,  of  exactly 
this  diameter ;  let  into  the  edge  of  it,  as  at  ^, 
a  triangular  piece  of  sheet  steel,  one  point  of 
which  has  been  carefully  sharpened  so  as  to 
extend  about  y  J^  of  an  inch  below  the  under 


Fio.  2. 


surface  of  the  disk.  Then  make  two  sheet- 
zinc  templets  a  and  b.  Fig.  2,  one  (a)  to  fit 
the  inside  of  the  pitch  line,  and  the  other  (6) 
to  tit  the  outside.  Now  fasten  to  the  draw- 
ing board  a  square  piece  of  sheet  zinc,  and 
scribe  upon  it  a  portion  PP,  Fig.  3,  of  the 
pitch  circle  of  the  gear.     Brad  down  templet 
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Fig.  3. 
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(I,  as  in  Fig.  3,  so  that  the  curved  edge  coin- 
cides exactly  with  the  pitch  line ;  then, 
using  the  rolling  circle,  that  is  the  wooden 
disk,  **roll  out"  the  face  ml  of  the  tooth  ; 
this  operation  is  clearly  indicated  in  Figs.  1 
and  3.  Remove  templet  a,  and  on  the  other 
side  of  the  pitch  line  PP,  fasten  templet  //, 


Fig.  4. 

as  in  Fig.  4  ;  then,  using  disk  Rj  and  taking 
care  to  start  with  the  scribing  point, 
exactly  at  m,  roll  in  the  opposite  direction 
and  thus  obtain  the  flank  mn.  Now  draw 
the  addendum  and  root  arcs  I  .c  and  ny, 
Fig.  o,  and  through  the  center  of  the  tooth 
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draw  8t  towards  the  center  of  the  pitch 
circle.  Remove  the  square  piece  of  zinc, 
Fig.  5,  file  out  the  profile  ynmlx,  and  fasten, 
as  in  Fig.  6,  to  a  straightedge  that  is  long 
enough  to  reach  beyond  the  gear  center ;  do 
this  in  such  a  manner  that  one  edge  com- 
cides  exactly  with  the  center  Une  st  of  the 
tooth.  Stick  a  needle  into  the  center  of  the 
gear ;  cut  a  notch  n  into  the  straightedge  at 
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a  distance  from  the  pitch 
line  on  the  templet  exactly 
equal  to  the  pitch  radius  of 
the  gear.  Space  the  pattern 
blank,  and  lay  off  the  tooth 
thicknesses  all  around  ;  then, 
placing  the  notch  n  against 
the  needle,  scribe  the  out- 
lines of  one  side  of  all  the  teeth  ;  reverse  the 
templet  and  scribe  the  other  sides. 

For  involute  teeth  the  templet  is  used  in  a 
precisely  similar  manner  ;  but,  to  obtain  its 
outline,  instead  of  using  a  rolling  circle,  use 
a  portion  of  a  disk  the  same  diameter  as  the 
base  circle  determined  in  the  usual  manner ; 
attach  to  this  a  piece  of  spring  steel  so  that 
it  can  be  unwrapped  from  it,  and  with  a 
needle  clamped  thereto,  scribe  the  true 
involute  profile.  Then  cut  out,  attach  to  a 
straightedge,  and  use  as  before. 

A  BOXWOOD  WRITING  STICK. 


Alpha^  Cincinnati,  Ohio. 

Some  years  ago,  when  first  employed  as 
draftsman  in  a  large  establishment  in  the 
east,  I  was  told  that  it  was  the  custom  in 

THE  CHINESE  iVRITING 
STICK  ^.  ^„_ 

^"""^     ^       >9  PEN  THAT 
WRITES  UKEA  PENCIL. 

that  office  to  use  the  Chinese  writing  stick, 
instead  of  an  ordinary  pen,  for  printing  all 
letters  and  figures  on  drawings.  The  idea 
was  new  to  me,  but  I  soon  got  accustomed 


to  the  stick ;  in  fact,  I  came  to  prefer  it  to 
any  pen  I  had  ever  tried.  Since  then  I  have 
wondered  why  it  is  not  in  general  use,  for  it  is 
certainly  unequaled  for  some  classes  of  work, 
particularly  if,  as  in  the  office  referred  to, 
drawings  are  made  and  inked  in  on  bond 
paper  and  blueprinted  direct  instead  of  from 
tracings.  The  illustration  clearly  shows  the 
form  of  the  stick  ;  it  is  made  of  boxwood,  a 
little  slimmer  than  an  ordinary  pencil.  To 
make,  you  sharpen  the  end  carefully,  flatten 
off  one  side,  and  hollow  this  out  with  your 
pocketknife,  letting  the  bole  at  the  deepest 
part  go  just  about  through.  Towards  the 
point,  for  }  inch  or  so,  the  hollow  is  simply 
a  groove  for  the  ink  to  flow  down.  The 
writing  on  the  sketch  was  done  with  the 
stick  I  use  for  ordinary  lettering;  I  have 
three,  one  for  each  weight  of  letter  and 
figure  I  use. 

TO    DRILL  GLASS. 


F.,W.S.,Mafma,N.Y. 

In  The  Mechanic  Abts  Magazine,  March 
1899,  Answers  to  Inquiries,  No.  49,  you 
describe  a  very  excellent  way  to  drill  glass. 
The  following  is  another  way  which  I  have 
used  myself  and  know  to  be  all  right :  Use 
a  common  flat  drill,  tempered  very  hard  by 
cooling  in  salt  water;  put  a  block  of  soft 
wood  under  the  glass,  and  drill  with  faiily 
light  pressure ;  lubricate  freely  witli  turpen- 
tine in  which  camphor  gum  has  been  dis- 
solved.   

COMPLBTB  SET  OP  PHOTOGRAPHIC  SCALES 
AND  WEIGHTS  POR  TEN  CENTS. 


Kodaker. 


The  ACCOMPANYING  figure  is  an  exact  repre- 
sentation of  a  set  of  scales  and  weights  that 
I  made  one  morning  not  long  ago,  and  that 
cost  me  in  cash  just  3  cents ;  as  I  made  use 
of  some  things  that  I  found  about  the  house, 
I  put  the  actual  cost  down  at  10  cents.  I 
use  it  in  my  dark  room  for  weighing  out  so 
many  grains  of  this  and  so  many  grams  of 
that,  when  preparing  the  solutions.  The 
smaller  weights  are  accurate  to  t^^  of  a  grain, 
and  a  weight  of  ^  of  a  grain  distinctly  disturbs 
the  balance  of  the  scales.  So  much  for  the 
accuracy  of  the  rig.  I  made  it  in  the  follow- 
ing manner :  I  happened  to  have  a  piece  of 
t-inch  poplar,  about  12  inches  square;  out 
of  it  I  sawed  the  three-legged-piece  a.  Hold- 
ing this  horizontal,  I  balanced  it  on  the  point 
of  needle  6,  then  pushed  the  needle  through ; 
from  the  opposite  side,  and  as  close  as  possi- 
ble to  needle  6,  I  pushed  through  another 
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needle  c.  I  then  threaded  the  needles  with 
dlk  threade  d  and  e,  and  tied  the  ends  to 
burpins  /,  bent  as  abown  \  banging  these 
over  a  wooden  rod  g  (whittled  ont  of  a  piece 
of  wood  from  the  cellar)  I  supported  the 
whole  on  two  4-inch  cnt  nails  h.  It  was  a 
problem  bow  to  bang  the  thing  up  without 
driving  these  nails  into  and  thus  disfiguring 
the  wall ;  but  this  was  aoon  solved.  I  filed 
a  notch  behind  the  head  of  each  nail,  and, 
after  driving  four  pins  I  obliquely  and  down- 
wards into  the  plaster  wall,  as  shown,  I  made 
the  nails  perform  the  office  of  struts,  so  that 
they  merely  press  against  the  wall,  the  silk 
threads  j  and  k  'ixaag  in  tension  and  Itept 


For  the  weights  I  bought  2  ounces  (care- 
fully weighed)  of  tinned  wire  about  i^  of  on 
inch  in  diameter,  for  which  I  paid  3  cents. 
This  I  took  into  the  yard  t)ehind  the  house, 
straightened  out,  and  doubled  over  a  wire 
nail  driven  into  the  fence ;  I  then  cnt  it  in 
two,  getting  in  this  manner  two  separate 
1-ounce  weights,  one  of  which  I  coiled  up. 
The  other  I  again  doubled  on  itself  and  cnt 
in  two,  thus  getting  two  j-ounce  wdghta, 
one  of  which  I  coiled  up  as  before.  I  went 
on  in  this  way  until  I  got  down  to  two 
16-grain  pieces,  each  about  11}  inches  long ; 
one  of  these  I  twist«d  up  to  be  used  as  one 
of  the  we^hts ;  the  other  length  I  divided, 
taking  oae-fifteenth  of  it  for  the  1-grain 
weight,  two-fifteenths  for  the  2^^in,  and 
so  on.  As  a  holder  for  the  weights,  I  took 
an  old  cardboard  letter-paper  box  »,  and  cut 
it  down  aa  shown,  so  as  to  get  at  the  various 
weights  easily.  As  a  support  for  the  weight 
pan  n  I  used  the  lid  of  the  above  box  cut 
up  and  built  into  a  triat^ular  firame  r  and 
pinned  to  the  wall  as  shown. 

The  scales  are  quite  steady,  and,  being  sus- 
pended by  four  threads,  aa  rigid  as  one  could 

THB  SIMPLEST  OF  SECTION   L.INSRS. 

Harm  Bible,  Deniw,  Col. 

In  The  Mechanic  Abts  Maoazinb,  Febru- 
ary, 1899,  in  an  article  entitled  "Drafting 
for  the  Patent  Office,"  Mr.  Palmedo  says 
that,  BO  fiir,  no  machine  hoe  been  invented 
that  usefully  facilitates  the  work  of  section 
lining — Chat  the  beet  section  liner  is  a  trained 
eye  and  a  skilful  hand.  In  the  main  Mr. 
Palmedo  may  be  right,  but  there  are  some 
men  that,  however  much  they  practice,  never 


™^  slipping  by  the  notches  aforesaid.    For 

\t}®  pans,  1  took  two  pie  dishes  n  and  p, 

"*^ueij  three  holes  in  each  with  the  point  of 

'  Pocket-knife  blade,  threaded  them,  and 

,  ^"8  them  over  the  notches  in  o,  afterwards 

r***l'iiig  J-inch  lengths  of  match-wood  m  to  - 

^P  the  pans  swinging  freely.    A  white      become  expert  at  this  work,  and  to  them  I 

**^  ',  neatly  graduated  and  pasted  to  the      can    recommend    the    exceedingly    simple 

°^Pet  leg  of  a,   completed  the  scales.     I      device   illustrated    here,    I  can  operate  it 

r^iced  them  by  sticking  pieces  of  card-     just  aa  fast  aa  it  is  possible  to  handle  the 

"■^fd  to  the  back  of  a  until  the  upper  1^      ruling  pen,  know  that  my  spaces  are  equal, 

'''  approximately  vertical.  it  saves  my  eyea  from  undue  strain  when 
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there  is  any  considerable  amoant  of  eecUon 
lining  to  be  done,  and  it  coetB  next  to  noth- 
ing. Referring  to  the  sketch,  T  ie  part  of 
the  T  square  ;  >V  is  the  device,  made  of  any 
suitable  hard  wood  (I  prefer  white  holly)  or 
celluloid.  Each  edge  of  the  device  gives  two 
epacinga ;  thus,  when  held  as  shown,  the 
point  of  the  triangle  enters  the  notch  at  a ; 
when  A'  is  turned  over  end  for  end,  the 
square  edge  of  the  triangle  butts  against  a 
and  the  spacing  is  reduced.  The  opening 
in  the  other  edge  of  S  is  nmile  a  different 
length,  so  that,  in  all,  the  one  device  gives 
four  fixed  spacings.  To  hold,  let  the  thumb 
of  the  left  hand  rest  on  the  T  square  and  place 
the  index  finger  on  S,  and  the  next  two 
Angers  on  the  triangle.  To  operate,  press 
down  on  the  triangle  and  push  H  to  the 
right  till  it  strikes  at  a  ;  draw  line ;  press  on 
S  and  push  triangle  ahead  ;  draw  line,  and 

A  HBLP  IN  SCREW  CUTTING. 

iiugi  A.  iFanoii.  BiMi.  m-. 

I  HAVE  Koi'N'i)  that  the  following  method 
of  cutting  a  screw  thread  in  the  lathe  pre- 
vents dragging  on  the  right-hand  edge  of  the 
tool,  and  makes  it  an  easy  matter  to  adjust 
the  feed.  Turn  the  compound  rest,  as  in  the 
figure,  at  an  angle  of  30°;  set  the  tool  exactly 
right  for  cutting  the  thread,  and  run  the 


is  finished.  By  this  method,  one  chalk  mark 
— the  one  on  A — is  all  you  have  to  make ;  it 
is  easy  to  get  the  feed  required  in  direction 
of  arrow  b,  and  the  tool  does  all  the  cutting 
with  its  left  edge,  and  so  dragging  is  pre- 

AN  INBXPBNSIVB  DRAPTINO  TABLB. 

B'm.  r.  Kinfi.  fij/rartw.  A'.  1'. 

Bbinu  a  student  in  mechanical  drawing, 
but  unable  to  aSbrd  a  draftsman's  table,  1 
built  one  which  serves  the  purpose  tip-top. 
It  is  a  rig  that  anybody  could  put  together, 
so  1  send  it  as  a  contribution  to  Good 
Schemes,  hoping  that  others  will  be  glad  of 
the  idea.  I  took 
a  2'6"X2"Xi" 
strip  of  pine— a  in 
Figs.  1  and  2 — and 
nailed  it  to  the  wall 
about  3  feet  from 
the  floor.  To  this 
I  attached  s  pair  of 
2-inch  hinges,  and 
swung  the  table 
from  them,  as 
shown.  The  table 
is  simply  a  2'  6" 
X2'0"Xi"  board, 
to  the  under  eide 
ofwhich  I  fastened 
a  toothed  rack  hav- 
ing six  teeth  of  about  1}  inches  pitch.  This 
rack,  together  with  the  adjusting  leg  i>,  which 
is  simply  a  stick  of  pine  hinged  to  block  c 
fiutened  to  the  floor,  enables  the  draftsman 


point  of  it  up  until  it  just  touche»<  the  piece 
C  that  you  are  going  to  thread  ;  then  put  a 
chalk  mark  on  the  lower  feed-handle  A. 
Run  the  carriage  back  ready  to  start  the 
thread,  and  give  the  compound  feed-handle 
B  a  slight  turn,  feeding  the  tool  in  direction 
of  arrow  6,  until  you  get  the  proper  cut ;  then 
drop  in  the  feed-nut.  When  the  tool  reaches 
the  end  of  the  thread,  run  it  out  in  direction 
of  arrow  a  by  means  of  the  lower  handle  A, 
run  carriage  back  for  another  cut,  give  B 
another  slight  turn,  and  so  on  till  the  thread 
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to  vary  the  angle  of  the  table  at  will.  When 
not  in  use  the  table  is  folded  down  agiunst 
the  wall,  as  shown  dotted  in  Fig.  1,  with 
the  leg  b  leaning  against  it,  thus  taking  up 

very  little  space. 
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V  NEW  DRILL  CHUCK. 


Operate,  eubetantisl  and  dorable,  giving 
strength  where  Deceaeary. 

"  We  make  for  it  the  following  claimB : 

"  1.  The  grip  to  hold  a  drill  ie  uneqnaled 
by  any  chuck  upon  the  market. 

"2.  The  construction  iesosimple  that  any 
person  can  put  It  t<^;^ther  in  one  minute. 

"3.  The  simplicity  of  construction  and 
arrangement  of  parts  cansea  the  least  wear, 
making  it  the  most  durable. 

"i.  It  is  the  only  chuck  ever  made  in 
which  all  parts  are  exposed  to  view,  so  that 
any  irr^ularity  can  be  seen  at  once, 

"5.  It  can  be  thoroughly  cleaned  in  one- 
fourth  the  time  of  any  other  chuck. 

"6.  All  unnecessary  material  is  removed, 
leaving  the  strength  where  required  and 
making  it  from  one-third  to  one-half  lighter 
than  any  other  chuck  made. 

"7.  It  is  the  only  chuck  that  is  easily 
cleaned,  being  so  open  that  the  dirt  will  not 
stay  in,  and  can  be  blown  or  brushed  out 
without  removing  the  parts. 

"8.  It  is  perfectly  balanced  and  made  in 
all  eizee — large  and  small. 

"9.  It  is  the  only  chuck  that  is  strong  and 
powerful,  equally  adapted  for  either  light, 
Bwift,  or  heavy  work." 

hand-power  model  dynamos. 
Tub    Elbridgb    Elbithical    Mfg.    Ci>., 
Elbridge,  N.  Y.,  inform  us  that  they  have 
lately  put  on  the  market  an  improved  Model 
dynamo,  one  for  direct,  and  one  for  both 
direct  and  alternating,  currents.    With  this 
little  dynamo,   water   may  be  decomposed, 
incandescent  lamps  lighted,  permanent  mag- 
nets charged,  small  motore  driven,  and  a 
multitude  of  interesting  experiments  per- 
formed.    It  may  also  be  used  as  a  motor  on 
any  current  of  proper  voltage,  thus  fumiBh- 
ing  power  to  run  light  machinery,  sucb  as 
sewing  machines,  fans,  etc.    It  was  designed 
especially  for  the  use  of  schools  and  students 
of  electricity,  and  to  them  is  invaluable, 
since  it  gives  the  whole  theory  of  the  modern 
■hoes  becaose  our  forefathers  did.    It  oper-      dynamo  and  follows  in  construction  every 
nee  qaickly  with  the  thumb  and  fioger  until      detail  found  in  large  generators.     It  is  made 
dosed  on  drill ;  then  a  wr«nch  is  used  to      for  actual  use,  all  parts  being  of  the  beet 
tight«n.    There  is  no   projection  to  catch      material   and    put    together    in    the   most 
anytbii^,  and  the  flat,  open  body  will  not      substantial  manner.      The  armature  core  is 
prevent  it  from  drilling  a  round  hole,  but     laminated  and  wound  with  double-covered 
make*  it  easy  to  clean,  light  to  handle  and      wire  ;  its  shaft  is  ma<le  of  steel  and  runs  in 


The  iixi'sraATioNB  on  this  page  represent 
tbe  National  drill  chuck,  manufactured  by 
the    Oneida  National  Chuck  Co.,   Oneida, 
N.  Y.    The  makers  state  in  their  catalogue  : 
"In  placing  the  National  skeleton  drill 
chuck  upon  the  market  it  ia  necessary  that 
its  workings  and  con- 
stniction  should    be 
thoroughly  under- 
stood, as  its  new  and 
novel  appearance  will 
attract  the  eye  of  every 
machinist,  and  we  are 
aware  that  it  will  be 
closely  scmtinixed  by 
all  interested   in   the 
advancement  and  im- 
provement of  tools. 

"The  construction 

of  this  drill  chuck 

should  commend  itself 

to  all.    The  flat  body 

and  open  construction  are  just  the  opposite 

of  all  other  chucks  made ;  therefore,  do  not 

be  prejodiced  because  in  bringing  it  out  we 

did  not  copy  after  others.    This  is  original, 

u  we  do  not  believe  in  wearing  wooden 


TRADE  NOTES. 


brass  bearing.  The  commotator  baa  16 
bars,  ample  braah  contact,  and  will  wear  for 
yeara.  All  machines  are  shunt- wound  anleas 
other  wise  ordered. 

TWO  USEFUL  TOOLS. 

E.  G.  Smith,  Columbia,  Pa.,  is  making 
what  to  the  machinlet  should  prove  two 
very  useful  tools — the  "Which  Way"  level, 
and  the  "  Columbia  "  caliper.  The  level,  as 
will  be  seen  from  the  accompanying  full-size 
illustration,  is  designed  to  t«ll  you  immedi- 
ately "which  way"  your  work  is  out  of  level. 
Under  an  accurately  ([round  and  polished 
glaes  cover  there  is  a  bubble  of  air  in  liquid  ; 


upon  a  perfectly  level  surface 
this  bubble  floats  in  the  cen- 
ter of  the  disk,  as  shown ; 
when  resting  upon  a  surface  that  is  out  of 
level,  the  bubble  will  move  towards  the  cir- 
cumference of  the  disk,  always  traveling 
towards  the  highest  part  of  the  surface,  and 
thus  indicating  which  way  the  work  is  odL 
The  caliper  t^lls  you  the  eize  of  the  work, 
and  also  how  much  too  large  or  too  small. 
It  reads  both  inside  and  outside  measure- 
ments without  mental  calculation,  and  is 
graduated  to  IStha  of  an  inch,  with  a  vernier 
to  read  to  32da,  Mths,  and  12SthB. 

BOOKS  AND  CATALOGUES. 

First  Lemsonh  in  Lin-bab  Pebspbctive.  By 
Freileric  K.  Honev.  Ph.  B.  Size, 9 in.  X  12  in. ; 
cloth  cover.  Published  bv  CharleaScribner's 
Sons,  New  York,    Price,  80  cents. 

This  book  consists  of  twenty  complete 
lessons  in  linear  perspective.  The  first  ten 
lessons  were  published  separately  some 
months  ago  and  reviewed  in  the  July,  1898, 
number  of  this  magazine.  The  additional 
lessons  that  c(>mplete  the  work  comprise  the 
drawing  in  perspective  and  in  various  posi- 
tions of  prisms,  pyramids,  cylinders,  the 
Greek  and  the  Latin  cross,  flights  of  steps, 
hexagonal  and  fluted  columns,  groined 
arches,  and  &  room  furnished  and  hung 
with  pictures.  There  is  also  a  lesson  on 
geometry  as  applied  to  perspective.  The 
hook  contains,  in  all,  thirty-eight  full-sized 


plates,  all  most  excellently  done.  In  bis 
descriptions  Mr.  Honey  is  as  thorough  as 
the  English  language  will  permit  him  to  be, 
and  he  does  not  allow  a  single  point  to  pasi 
unexplained,  for  which  reasons  the  book  is 
worthy  of  great  popularity  with  beginners, 
and  should  prove  of  much  practical  use  to 
teacliera  also. 

Onb  op  thb  most  complete  tool  catalogues 
issued  is  that  of  Montgomery  &  Co.,  105 
Fulton  street.  New  York.  The  book  con- 
tains over  500  pageB,  is  profiisely  illustrated, 
and  gives  ftill  particulars  of  the  numerous 
tools  and  devices  that  have  been  most  called 
for  in  the  course  of  the  firm's  busineea.  All 
of  tools,  machinery,  and  supplies,  in 
whatever  branch  of  the  mechanical  trades 
they  may  be  engaged,  should  have  a  copy. 

The  CABBORUNmiu  Co.,  Niagara  Falls, 
N.  Y.,  have  handed  us  their  No.  2,  1888, 
catalogue  ;  size,  6j  in.  X  8  in.  ;  60  pages. 
The  first  part  of  this  book  is  devoted  to  an 
exceedingly  interesting  historical  account  of 
the  early  methods  of  manufacturing  carbo- 
rundum, which  lead  up  to  the  Acheson  pro- 
cess as  now  used.  This  process  is  fully 
described,  and  is  illustrated  with  reproduc- 
tions of  photographs  taken  in  the  above 
company's  works.  The  chapter  includes 
information  regarding  the  properties  and 
uses  of  carborundum,  especially  as  compared 
with  those  of  emery,  and  the  results  obtained 
from  a  number  of  actual  service  teste  are 
given.  The  remainder  of  the  book  is  a 
price  list  of  various  carborundum  wheels 
and  tools,  with  sectional  dimensioned  draw- 
ing of  a  great  variety  of  special  forms  of 
wheels. 

Theo.  Aldkl  &  Co.,  63  Fifth  Ave.,  New 
York,  N.  Y.,  tell  us  that  they  have  jtiat  pub- 
lished two  books  by  Professor  Hawkins, 
entitled  "Hawkins'  New  Cutechism  of  Elec- 
tricity" and  "Hawkins'  New  Cat«chiBm  of 
the  Steam  Engine."  Price,  $2,00  each.  Pro- 
fessor Hawkins'  works  are  so  well  known 
among  engineers  that  any  review  by  ue  is 
unnecessary,  the  books  being  up  to  his  usual 
standard.  Audel  &  Co.  make  a  specialty  of 
selling  their  publications  on  easy  payments, 
thus  placing  them  within  tlie  reach  of  all. 
Any  one  wishing  to  inform  himself  aboot 
the  practical  management  of  steam  plants, 
and  the  practical  applications  of  electricity, 
will  do  well  to  obtain  copies  of  the  above 
works. 
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Note.— ^dcbrM  qH  leUers  containing  quetUoM  to  be 
mmoered  in  this  department  to  The  Mechanic  Abtb 
Maoazikb,  Seranton^  Pa, 

1.  Put  this  address  both  on  the  envelope  and  at  the 
head  qf  the  letter. 

f .  Only  questions  qf  general  interest  to  our  readers 
wm  be  answered. 

5.  No  questions  vrill  be  answered  by  mail. 

i.  Drawings  or  sketches  accompanying  questions  should 
be  made  on  a  separate  sheet  qf  paper,  and  should  be 
draym  as  dearly  as  possible. 

6.  The  names  and  addresses  qf  the  writers  must 
SiCeompany  the  letters,  or  no  attention  will  be  paid  to  them. 
Unless  otherwise  requested^  we  will  publish  only  theinitials 
omd  address  qf  the  writer. 

6.  Reference  to  inquiries  previously  answered  should 
give  date  qf  issue  and  number  qf  question. 

7.  Any  book  not  out  of  print  and  for  sale  by  regular 
dealers  may  be  ordered  through  the  Magaxine. 


(81)  Herewith  I  send  you  a  sample  of  tracing 
linen  that  will  not  take  the  inlc.  What  is  the  matter 
with  it.  and  what  shall  I  do  to  it  to  make  it  work  ? 

J.  A.,  San  Francisco,  Cal. 
Ans.— We  have  tested  the  linen  and  find  that  it 
cakes  ink  perfectly.    Perhaps  there  is  something 
wrong  with  the  ink  you  are  using. 

» 
*  * 

(82)  To  settle  two  arguments,  kindly  answer  the 
following :  (a)  Does  illuminating  gas  ever  freeze  in 
the  pipes?  (6)  Is  it  possible  for  a  person  to  "  scull " 
a  boat  without  the  aid  of  an  oarlocK  of  some  descrip- 
tion? F.  H.  L.,  Scranton,  Pa. 

Ans.— (a)  Illuminating-gas  pipes  become  filled  with 
troiea  vapors  which  form  part  of  the  gas,  and  the  gas 
pipes  are  then  said  to  be  flrozen.  Of  course,  the 
gas  itself  does  not  freeze  in  the  pipes,  but  the 
vapors  accompanying  the  gas  condense  and  freeze. 
Unsnccessflil  attempts  have  been  made  to  remove  the 
moisture  by  preliminary  A'eezing  in  tanks.  Another 
process  is  to  dry  by  sulphuric  acid,  which  is  efficacious 
as  far  as  the  water  is  concerned,  but  extreme  cold, 
even  with  such  process,  has  been  known  to  close  up 
the  pipes  with  frozen  benzol.  It  would  appear  that 
the  best  plan  for  preventing  the  freezing  of  gas  pipes 
is  for  the  gas  companies  to  inject  alcoholic  vapor 
into  the  gas  at  the  works.  This  apparently  prevents 
the  freezing  both  of  the  water  and  the  benzol.  "  The 
effect  of  this  alcohol  vapor,"  says  a  renowned  Ger- 
man scientist,  "is  shown  in  the  fact  that  if.  by  the 
action  of  the  cold,  separations  of  water  and  benzol 
occur,  the  alcohol  vapor  carried  along  also  separates, 
whereby  the  freezing  point  of  these  separated  con- 
densations of  water  and  benzol  is  forced  down  so 
much  that  they  will  not  congeal  even  at  our  lowest 
temperatures  in  the  winter.  They  remain  in  liquid 
condition,  and  thereby  can  fi'eely  flow  back  in  the 
main  conduits,  where  they  collect  in  the  condensing 
pots."  (b)  There  are  two  meanings  to  the  word 
seuU;  in  other  words,  there  are  two  ways  of  sculling 
*  boat.  In  one,  the  oarsman  stands  up,  and,  with 
one  oar  used  over  the  stern,  propels  the  boat  by 
imparting  to  the  oar  a  twisting  motion  from  side  to 
side,  as  if  in  imitation  of  the  action  of  a  screw.  In  the 
other,  two  long  spoon-bladed  oars,  or  sculls,  are  used, 
and  the  sculler  sits  upon  a  seat  near  the  center  of  the 
boat,  and  rows  with  both  hands  at  once,  resting  the 


oars  in  oarlocks,  which  are  usually  ou trigged.  The 
sculler's  seat  may  or  may  not  be  a  sliding  one.  In 
sculling  with  one  oar  over  the  stem,  the  oarlock  is 
an  assistance,  but  is  not  absolutely  necessary. 

*  * 

(83)  (a)  What  is  "cavalier"  perspective,  as  men- 
tioned in  The  Mechanic  Arts  Magazine.  February, 
1899.  article  entitled  "Drafting  for  the  Patent 
Office"?  If  a  full  answer  to  this  question  would 
occupv  too  much  space,  kindly  refer  me  to  a  book  on 
the  subject.  (6)  Also,  give  me  the  names  and  prices  of 
good  works  on  the  following  subjects :  mill  engineer- 
ing, bridge  engineering,  and  mining  engineering.  I 
have  no  objection  to  advanced  mathematics  in  any 
of  these  works.  J.  A.  P.,  Providence,  R.  I. 

Ans. — (a)  Cavalier  perspective  is  one  of  various 
methods  of  making  a  perspective  representation  of 
an  object  by  means  of  parallel  projection,  as  against 
polar  projection,  used  for  true  perspective.  The 
methods  referred  to  all  consist  in  drawing  the  out- 
lines of  the  object  parallel  respectively  to  three  axes 
X,  y,  t,  assumed  in  the  plane  of  the  drawing,  and 
representing  the  angu- 
lar parallel  projection 
of  three  orthogonal 
axes  imagined  within 
the  body  to  be  drawn. 
The  number  of  such 
imaginable  projec- 
tions is  very  great, 
but,  in  practice  cer- 
tain distinct  ones  are 
used,  one  of  which  is 
the  so-called  cavalier 
perspective.  In  this, 
the  angle  between  x 
and  y  is  90^ ;  the  other  two  angles  are  each  135^,  and 
the  scales  employed  for  the  axes  are  relatively  as 
X  :  y  :  z  =  1  :  1  :  ^.  (6)  Rankine,  "Machinery  and 
Mill  Work,"  $5.00;  "The  Practical  American  MUl- 
wright  and  Miller,"  by  David  Craik,  $3.50;  "Theory 
and  Practice  in  the  Designing  of  Modem  Framed 
Stmctures,"  by  Johnson,  Bryan,  and  Tumeauve, 
$10.00.  There  is  no  complete  publication  in  mining 
engineering.  Geo.  G.  Andre's  "  Practical  Treatise  on 
Coal  Mining"  (2  vols.  $15.00).  and  G.  C.  Greenwell's 
"Coal  Mining"  ($6.00)  are  standard  works,  but  are 
decidedly  English.  The  foregoing  works  can  be 
obtained  through  The  Technical  Supply  Co.,  Scran- 
ton, Pa. 

»  * 

(84)  (a)  Please  tell  me  how  to  calculate  the 
amount  of  water  necessary  to  condense  the  steam 
from  any  engine,  the  condenser  being  either  jet  or 
surface.  (6)  How  much  power  can  1  get  fh)m  an 
impulse  waterwheel  52  incnes  in  diameter,  fitted  with 
Pelton  buckets,  under  the  following  conditions: 
diameter  of  jet,  i  inch ;  water  pressure,  80  pounds, 
from  the  street  main  through  a  i-inch  pipe  150  feet 
long ;  number  of  revolutions  per  minute.  250. 

J.  T.  M.,  New  Albany,  Ind. 
Ans.— (a)  A  very  simple  rule  for  calculating  the 
amount  of  condensing  water,  with  as  great  a  degree 
of  accuracy  as  is  usually  required,  is  the  following : 
Divide  1,000  by  the  difference  between  110  and  the 
temperature  of  the  condensing  water;  multiply  the 
weight  of  steam  to  be  condensed  by  this  quotient, 
and  the  result  will  be  the  weight  of  the  condensing 
water  required.    (6)  Owing  to  frictional  losses,  you 
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thu  a  ■mAll  rnclion  of  m 
r,  possibly  ^  horsepower^  from  the  w&tf 
would  flov  through  the  1-lnch  pipe  under  com 
yoQ  have  n»med.  II  would  be  Impoulble  U 
■peed  of  ZliO  reroluUoni  per  mlnuLe  with  a  ! 
wheel  mlDg  the  water  from  the  (-Itiph  pipe. 


{VA}  Kindly  itaDw  how  b 
la  diameter,  made  of  |-1n 
layout  made  by  the  rlghtan 


Ilium 

K.  q.,  I 


perpendicular)  dnwn  fTOm  Iij.  It  will  be  readily 
■een  thai  the  Irregular  curve  ABC  may  be  produced 
by  tracing  through  the  diagonally  opposite  comen 
of  (be  tmall  rectangle*  thus  formed.  The  carved 
line  ^  BC  is  Che  correct  pattern  for  tbe  "cut"  of  the 
elbow ;  and.  ai  matters  relating  to  Ibe  length  of 
throat  required  are  optional  with  the  mechanic,  it 
will  lie  seen  how  th»e  lenglhj  may  be  changed 
I  allectlng  Ihe  angle  of  tb 


"layout,"  or  pattern 
deTclopment.  for  any  object,  It  Is  Decenary  flrat  (o 
pioduce  a  correct  repreaeutatlon  or  drawing  of  the 
object  Id  one  or  more  podtlooa:  or,  Che  same  resulti 
may  aometlmea  be  obtained  by  the  use  of  various 
sections  taken  on  different  planes.  The  object  In 
qacation  Is  a  four-pieced  aqiiare  elbow,  and.  tiefore 


may  b 


wlthou 


■lock  by  reversing  the  patterns  for  the  s( 
shown  in  Fig.  2,  the  curve  being  the  same  lu  eacn 
esse.  In  large  elbows  of  the  site  meutloned  In  tbe 
question,  It  will  be  found  practicable  U>  make  up  tbe 
blank  ftom  two  or  more  sheeu  of  metal,  allowing 
the  seams  to  be  to  tbe  posltloa  shown  by  tbe  dotted 
lines  In  the  central  portion  of  the  figure.  The  dotted 
lines  at  each  side  of  the  blank  represent  the  stock 


proceeding  to  describe  the  pattern.  It  will  be  well  to 
illustrate  a  simple  method  of  Bndlog  the  line  of 
Intersection,  or  tbe  miter  line.  ThismethodlB  appli- 
cable to  elbows  havinganynumberof  pieces,  and,  by 
Blight  modification,  to  elbows  of  dltrerent  angles. 
In  Fig.  1  the  angle  a  be  is  drawn  by  the  use  of  tbe 
T  square  and  4.V  triangle;  with  a  radius  nearly 
equal  (o  at,  and  with  b  as  center,  describe  the  arc 
ef;  this  arc  li  then  divided,  by  spacing,  into  p  nnm- 
bet  of  parts— onr  letf  (*an  Wm-  number  requiml  <n  thr 
Awraf  ettoin— and  a  line  drawn  from  h  through  the 
division  in  the  i 


number  of  equal  parts,  and  draw  perpendlculara  to 
a  b  from  each  of  these  points,  continuing  them  until 
they  cut  the  line  ba.  Extend  the  line  ab  indirectly 
d,  starting  as  near  A  as  Is  convenient. 


D  each  of  ihcse  points 
rpendlcuhirs.  as  shown.  Now,  with  the  T 
irojecl  each  Intersc-lion  of  the  line  6  d,  with 
i  drawn  from  tbe  half  section,  on  to  the 


added  for  laps,  which  Is  of  course  a  matter  of  choice 
with  Ihe  mechanic.  While  the  same  methods  of 
development  are  made  In  all  elbows  of  the  class 
mentioned,  there  is.  in  tbls  particular  case,  an 
element  that  would  aifeot  Che  practical  working  of 
the  method,  and  tbat  Is,  the  thicknen  of  the  metal 

times  the  thickness  of  the  material  used  to  thelength 
actually  needed  for  the  circumference  of  the  dealred 
circle,  In  order  to  bring  the  diameter  to  tbe  correct 
slse  when  tbe  work  is  formed  up.  Now,  IC  Is  obvious 
Chat,  If  we  add  seven  Clmes  the  thickness  of  the 
metal  Iwhlcb  would  be  2)  Inches  in  tbe  present  case) 
to  one  end  of  our  pattern  sheet.  It  will  not  be  correct. 
as  Ibis  extra  stock  should  be  distributed  through  the 
entire  circumference  of  our  elbow,  and  the  pattern 
should  also  partake  of  this  increase.  To  make  allow- 
ance for  this  properly  of  the  material,  the  following 
method  may  be  used:  On  Ihe  line  H  Fig.  1,  add  the 
measurement  required  for  the  extra  thickness  of  the 
stock,  at  Jit;  wltharadlusequal  toft,  and  wlthlai 
center,  describe  an  arc  cutting  tbe  perpendicular 
extended  from  C:  (TOm  this  point  of  Inteisectlon 
draw  a  line  to  the  point  i.  and  extend  the  dotted 

equal  to  I  A.  and  continue  through  each  perpen- 
dicular in  like  manner.  Tbe  curve  A'B-C  may 
then  be  produced,  wblch  will  be  the  correct  pattern 
for  the  elbow  required.  Fig.  3  shows  Che  usnal 
method  of  laying  off  edges  for  elbows  made  of 
henvy  metal,  tbe  stretching  for  the  flanges  being 
done  while  the  metal  Is  hot.  The  rivets  are  alao  ael 
while  hot,  and  are  placed  to  one  side  of  Ihe  inter- 
section line,  giving  the  work  a  flnished  appearance. 


e  half      receive 


'hen  denlgntng  tin 


xplain  the  method  of  procedure 
founilatlon  toran  anvil  that  Is  to 
f  a  falling  weight  or  steam  ham- 


carry  a  static  load  of  4, 
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(5)  If  a  water-senrice  pipe  from  atreet  main  to  front 
cellar  wall  is  |  inch  in  <uameter,  and  is  enlarged  to 
1  inch  diameter  inside  of  cellar,  carried  thus  for  50 
feet  t6  rear  of  building,  then  continued  with  the 
same  diameter  to  the  third  floor,  branches  being 
taken  off  for  fixtures  at  each  floor,  all  1  inch  in 
diameter,  how  much  more  water  can  be  obtained 
than  if  |-inch  piping  were  used  throughout  the 
house?  Assume  any  convenient  water  pressure  and 
total  length  of  piping.  X. 

Ans.  — (a)   A   rational  solution   of  this  problem 
involves  the  use  of  a  number  of  factors  whose  values 
cannot  be  determined  with  sufficient  accuracy  to 
make  the  results  of  much  practical  value;   it  is, 
therefore,  customary  to  depend  on  simple  formulas 
based  on  practical  ex perience.    The  following  formu- 
las for  calculating  the  weight  of  foundation  to  be 
used  under  the  anvil  block,  and  the  probable  pres- 
sures on  the  earth  under  the  foundations,  are  given 
by  a  good  authority : 
Let  O  =  weight  of  the  falling  parts  of  the  hammer ; 
H  «  height  of  fkll,  in  feet ; 
ir  —  weight  of  material  in  foundation ; 
P  =  total  pressure  on  earth  under  foundations. 
Then,  for  a  simple  falling  weight— for  example,  a 
steam  hammer  in  which  steam  does  not  act  above 
the  piston  to  increase  the  force  of  the  blow— 

H'-l.SiTG. 
for  hammers  used  in  forging  iron  ;  and 

for  hammers  used  in  forging  steel.  For  steam  ham- 
mers in  which  live  steam  acts  above  the  piston,  so  as 
to  increase  the  force  of  the  blow,  make  the  weight  of 
the  foundation  30  per  cent,  greater  than  the  value 
obtained  by  the  above  formulas.  The  total  pressure 
on  the  earth  on  which  the  foundation  rests  is  given  by 

P''90H-\-W  to  IS  GH+W, 
for  hammers  used  for  forging  small  billets ; 

P  -  18  0 -ff -H  ir  to  28  G  if  +  H', 
for  hammers  used  for  welding  piles  of  bars  Into 
blooms:  and 

P- 28 G'if+ U' to  38  (?fi^+ ir, 
for  hammers  used  for  forging  steel.  (6)  There  is  so 
much  uncertainty  regarding  the  frictional  losses  in 
the  different  pipes  and  fittings  of  such  a  system  that 
we  cannot  make  an  estimate  of  the  gain  in  flow 
that  would  have  any  practical  value. 

* 

I  want  to  know  how  to  build  an  oven  that 
11  dry  bricks  quickly.  The  bricks  are  made  of 
sawdust  and  coal  mixcKl  together  and  pressed  into 
7"X4"X8"  blocks,  perforated  with  a  number  of 
holes.  When  pressed,  each  brick  contains  about 
4  ounces  of  water,  which  has  to  be  dried  out.  The 
oven  I  am  now  using  is  about  40  feet  long,  4  feet 
wide,  and  5  feet  high,  and  will  hold  about  4,000 
bricks.  It  is  built  of  brick,  and  is  heated  with 
fifteen  l|-inch  steam-pipe  coils.  The  bricks  are 
placed  on  thin  boards  on  **  buggies"  similar  to  those 
used  in  brickyards ;  but  it  takes  2  days  to  do  the 
drying.  If  you  can  tell  me  of  some  kind  of  oven 
that  will  hold  from  400  to  500  bricks,  and  dry  them 
quickly,  I  shall  appreciate  it  very  much. 

N.  M.  D.,  Mt.  Oliver,  Pa. 
Ai<8.— You  will  understand  that  heat  is  not  the 
dryer ;  heat  only  helps  the  air  to  absorb  moisture 
from  the  bricks.  The  air  is  the  real  drying  agent, 
and  when  the  air  is  nearly  saturated  with  vapor  by 
abaorbihg  the  moisture  from  the  bricks,  you  must 
remove  this  air  trom  the  kiln  and  replace  it  with 
more  dry  air ;  otherwise,  the  air  in  the  kiln ,  although 
hot,  will  not  dry  the  bricks.  What  you  need  is  an 
arrangement  for  circulating  very  dry  air  through 
the  kiln.  This  can  be  accomplished  by  having  a 
slatted  floor,  and  a  space  of  about  2  or  8  feet  under 
the  floor,  and  a  number  of  steam  pipes  in  the  space. 
Then  you  require  an  opening  to  allow  fresh  air  to 
enter  the  space  under  the  steam  pipes  and  another 
hole  in  the  ceiling  to  allow  the  moisture-laden  air  to 


will  d 


escape  up  through  a  ventilating  shaft  in  the  roof. 

Thus  you  will  have  a  constant  stream  of  hot,  dry  air 

passing  up  through  the  bricks.   Place  a  damper  in  the 

vent  stack  and  you  can  control  the  current  easily. 

* 
*  « 

(88)  On  an  incandescent-lighting  circuit,  run  on 
the  three-wire  system,  will  both  the  ammeters  give 
the  same  reading  when  there  are  more  lights  on  one 
side  than  on  the  other?  For  instance,  if  there  are 
two  hundred  16-candlepower  lamps  on  one  side, 
and  one  hundred  on  the  other,  wiil  one  ammeter 
show  about  100  amperes,  and  the  other  about  50,  or 
will  they  both  show  about  75  amperes? 

C.  F.  I.,  Scranton,  Miss. 
Ans.- The  two  ammeters,  being  placed  in  the 
outer  conductors,  will  raster  independently  of  each 
other  the  current  passing  through  those  conduct- 
ors. In  the  case  above  mentioned,  therefore,  the 
ammeters  would  indicate  100  am[>eres  and  50 
am[>eres,  respectively. 

(89)  (a)  To  settle  an  argument,  kindly  answer  the 
following  question  :  Is  the  over  stroke  of  a  locomo- 
tive eufflne  more  powerftil  than  the  under  stroke? 
By  this  I  mean,  can  a  heavier  load  be  started  when 
the  crank-pin  is  vertically  abotn:  the  axle  than  when 
it  is  vertically  under  the  same?  (6)  Would  air  at  a 
temperature  of  80°  become  cold  enough  to  freeze 
water,  if  it  were  driven  by  an  air  pump  at  a  high 
rate  of  speed  ?  R.  E.  P.,  Brown's  Valley,  Minn. 

Ans.— Let 

P  =  total  pressure  on  piston ; 

T  =  tractive  force ; 

R  =  radius  of  driver ; 

r  =  radius  of  crank ; 

B  ~  angle  of  the  connecting-rod  when 

the  crankpin  is  at  c  above  the  axle. 
p 
Then, ^  =  pull  s  exerted   by  the  connecting- 
rod  on  the  crankpin.    Taking  moments  about  the 
center  o  of  the  axle,  the  moment  of  «  is 

p 
»  X  »•  cos  B  =  — -  X  r  cos  tf  =  Pr, 
cos* 

and  the  moment  of  the  rail  pull  TiBTR.    The  other 
forces  acting  on  the  driver  and  axle  are  the  weight 


supported  and  the  reaction  of  the  frames.  Evi- 
dently, however,  the  lines  of  action  of  these  forces 
pass  through  the  center  o,  and  they  have  therefore 
no  moment  about  o.    We  have,  then, 

Pr 
Pr,  or  r-     J. 


TR 


Now,  when  the  crankpin  is  at  c',  s' 


cosO 


moment  of  i*'  Is        «  X  r  cos  6 
coaB 


P  r,  and  T  ^ 


,  the 

Pr 
R' 

as  before.  The  rail  pull  Tis  just  equal  and  opposite 
to  the  drawbar  pull,  since  these  two  forces  are  the 
only  horizontal  external  forces  acting  on  the  loco- 
motive. It  follows,  therefore,  that  the  same  load  can 
be  started,  whether  the  pin  is  vertically  above  or 
below  the  axle.  (6)  No;  the  temperature  of  the  air 
would  be  increased. 

*  * 

(90)  With  reference  to  the  gasoline  engine  illus- 
trated in  Home  Stidy  Magazine,  January.  1899, 
article  entitled  "The  Gasoline  Engine,"  kindly 
answer  the  following  questions:    (a)  Would  it  be 
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ANSWERS  TO  INQUlRim. 

re^lfttc  the  apeed  b;  the  Bvetled  gel&Une  over  >  water  batb :  uid.  when 
penlam  to  the  nwdlB  melted,  dilute  gmduslly  with  hot  water  DDtIi  tb« 
■be'a'rfflcnli  on'acold  S«''>1'>*  ^i"  ^^  ooii«l«tency  of  Ihld  crekm.  .Warm 
wJth  cTltiii^er  hesd  Y  tbCKluaon  wblcli  the  print  Is  to  be  mounted,  and 
'  the  Risollneevapora-  coat  It  with  the  wariD  gelatine  pule;  (hen.  when 
le  ratio  between  the  glan  li  cool,  aqueeie  the  wet  print  into  contact  with 
the  gelatine  lUrface  and  leave  to  drr.  (b)  We  know 
of  no  book  devoted  eieluaiiely  to  the  colortog  of 
photographs  on  glau. 


-(a) 


..,  Ulch 


■ome  f<>Tmi  of  gaaand  gMoUne  engtnu.  In 
caae  the  load  li  praatlcallr  eonelant  and  near  the 
full  capacKr  of  the  engine,  the  regulation  of  the  gas 
jnpply  alone,  leaving  the  air  iupply  con«tanl.  I> 
probably  the  beat  method  that  can  be  adopted.  If 
the  load  varie)  thro'igh  a  wide  range,  however,  the 
gae  might  be  cut  otr  entirely  at  ligbt  loada.  and  a 
Conatdeiable  fluclnatlon  in  «peed  would  remit;  In 
tbli  caae  it  is  considered  better  practice  to  regulate 
theflowoftbemlilureof  gai  and  air.  a«  Is  done  In 
the  engine  under  con il deration.  (A)  We  believe 
there  Is  gome  special  method  of  itartlng  the  engine 
onder  these  clrcumBtances.  See  Home  9tuiiy  Maoa- 
iiNE.  Februarr,  iSSg,  article  entitled  "Oae  Engines." 
it)  We  are  unable  to  And  any  In  forma  lion  oit  tbls 
point.  The  fallowing  staleitient,  quoted  from  a 
recently  published  book,  may  be  of  interest  to  you : 
"The  vapnrofcommerelal  gasoline  at  £0°  F.  is  equal 
to  130  volumes  of  the  liquid."  [d)  Several  patents 
have  been  Inued  to  the  makers  of  this  engine,  and 
they  probably  cover  all  novel  features. 


connecting-rod  A.  cionhead  from  arm  d.  to  position 
shown  by  the  center  line  Ikl  Arm  Ccarriea  a  nni- 
formly  dlitrlbuted  load  or  5,500  pounds;  arm  b  le 
seven  times  as  long  aa  arm  C. 

a  E.  S..  White  Plains,  N.  Y. 
ANs.— A  general  solution  of  this  problem  would  be 
of  no  practical  use  to  you,  because  you  evidently  do 
not  understand  the  etfect  of  frictlonal  leslBtances 
upon  the  efficiency  of  mschlnery.  In  another  part  of 
thli  number  you  will  find  the  llrat  part  of  an  article 
entitled  "Sliding  Friction";  read  and  thoroughly 
andentand  Ibis,  and  then  study  the  aecond  part 
when  it  appears  In  the  May  number ;  yaa  will  then 
be  in  a  position  to  solve  Che  above  problem. 

(92)  (a)  Please  tell  me  how  to  make  a  paiite  suit- 
able for  mounting  a  gelattne  photographic  print  face 
down  on  glass.  (i>  Can  you  tell  me  of  a  book  on  the 
coloring  and  mounllng  of  photographs  on  glass? 

F.  S.  [).,  Berkley.  Mass. 

ANs.— (a)  Use  a  thio  solution  of  plain  gelatine. 
Soak  the  gelatine  In  cold  water  over  night,  and.  after 
pouring  oS' the  surplus  water  In  the  morning,  warm 


(M)  Enclosed  find  cards  of  engine  of  which  ] 
have  lately  been  given  charge,  la)  What  la  the 
k. — . r  .t  J  engine?    (S)  Tell  me  all  jou  can 


siphoned  over  Into  it  from  the  boiler;  but  It  ia  the 

--Blher  the  water  Is  high  or  low.    Can  It  be 

I  the  piston  rings,  or  what  do  y 


Se  troul._.      

steam  piping  Is  S  Inches  in  dlan 


entloned   t 


u  think  is 


,  Torrlngton.  Conn. 
ANS.— (a)  The  horsepower,  calculated  fMm  the 
data  given  on  the  card.  Is  185.2  1.  H.  P,  Are  yon  sure 
you  have  given  the  correct  scale  for  the  indicator 
spring;  We  have  never  before  heard  of  a  spring 
having  that  scale,  (b)  The  general  performance  of 
the  engine,  as  Indicated  by  the  cards,  la  [airly  good. 
andltlsprobsble  you  will  Bnd  Itdimculttomakeaoy 
change  that  will  Improve  the  working  of  the  engine 
toany  great  extent.  Themoataerloua  faults  ahown  by 
the  diagrams  are  the  following;  The  steam  line  falls 
considerably  before  cut-off  tieglna,  showing  that  the 
steam  is  throttled  :  the  cause  may  be  that  the  steam 
pipe  Is  too  long,  or  there  may  be  some  obatrucHon. 
such  as  a  number  of  bends  In  the  pipe,  a  partly 
opened  valve,  or  restricted  steam  ports.  Cut-offtake* 
place  later  on  the  head  than  on  the  crank-end ;  the 
result  Is  that  about  ^^  horsepower  more  work  Is  done 
Inlhehead  than  In  the  crank-end.  [«)  Itlaprobable 
that  the  noise  Is  caused  by  the  piston  rings.  It  often 
happens  that,  when  the  rings  enter  the  connlerbore. 
the  pressure  of  the  steam  closes  them,  causing  the 
snapping  sound  about  which  you  speak. 


(W)    ■ 


e  proceaa  by  which  glnaeng  re 


. by  which  glnBei_„  .__ 

ad  yellow  dock  are  prepared  for  t 

market?    Thlaqueatlon  is  perhaps  a  little  oulof  yo 
line,  but  I  thought  you  could  give  me  some  Inforai 

infonnation.  '  R,  U,  B.,  Trumansbnrg.  N.  Y. 

ANB,— The  roots  of  these  three  plants  are  dug  out 
early  autumn,  cleaned,  and  dried. 


(95)  What.  In  your  opinion,  li  the  best  kind  of  dry 
closet,  for  use  where  there  Is  no  water? 

C.  M,  U..  Georgetown,  Ohio. 

ANS.— The  best  closets  for  use  In  places  where  water 
cannot  be  had  for  fluiliing  purpoKs,  Is  the  eanb 
closet.  It  should,  of  course,  be  set  oulidde  the  main 
balldlng.  Earth  la  a  eicelleni  deodoriser,  and  an 
earth  closet—which  Is  fiiished  with  earih.  so  to  apeak 
— la  considered  by  sanitarians  to  be  the  beet  where 


WORK,  THE  WATCHWORD  OF  SUCCESS. 


U  ri  rORK  and  be  thorough/*  is  our  coun- 
YY    eel  to  men  who  seek  to  rise  by  self- 
improvement 

There  is  no  want  of  desire  on  the  part  of 
most  persons  to  arrive  at  the  results  of  self- 
culture,  but  there  is  a  great  aversion  to  pay 
the  inevitable  price  for  it — hard  work.  Dr. 
Johnson  held  that  ''impatience  of  study 
is  the  mental  disease  of  the  present  gener- 
ation," and  the  remark  is  still  applicable. 
We  may  not  believe  that  there  is  a  royal 
road  to  learning,  but  we  seem  to  believe  very 
firmly  in  the  * '  popular  "  road.  In  education 
we  invent  labor-saving  processes,  seek  short 
cats  to  science,  or  learn  French  and  Latin  ' '  in 
twelve  lessons"  or  "without  a  master.'* 
We  resemble  the  lady  of  fashion,  who 
engaged  a  master  to  teach  her  on  conditions 
that  he  did  not  plague  her  with  verbs  and 
participles.  We  get  our  smattering  of 
science  in  the  same  way  ;  we  learn  chemistry 
by  listening  to  a  short  course  of  lectures 
enlivened  by  experiments,  and  when  we 
have  inhaled  laughing  gas,  seen  green  water 
turned  red,  and  phosphorus  burned  in 
oxygen,  we  have  obtained  our  smattering,  of 
which  the  most  that  can  be  said  is,  that, 
though  it  may  be  better  than  nothing,  it  is 
yet  good  for  nothing.  Thus  we  often  imagine 
we  are  being  educated  while  we  are  only 
being  amused. 

The  acquirement  of  bits  of  information, 
without  study  and  labor,  is  not  education. 
It  occupies  but  does  not  enrich  the  mind. 
It  imparts  a  stimulus  for  the  time,  and 
produces  a  sort  of  intellectual  keenness 
and  cleverness ;  but  without  an  implanted 
parpose  and  a  higher  object  than  mere 
pleasure  it  will  bring  no  solid  advantage.  In 
such  cases  knowledge  produces  but  a  passing 
impression — a  sensation,  and  no  more ;  it  is, 
in  feet,  the  merest  epicureism  of  intelligence 
—sensuous,  but  certainly  not  intellectual. 
Thus  the  best  qualities  of  many  minds, 
those  which  are  evoked  by  vigorous  effort 
and  independent  action,  sleep  a  deep  sleep, 
and  are  seldom  called  to  life,  except  by 
the  rough  awakening  of  sudden  calamity  or 
suffering  which,  in  such  cases,  comes  as  a 
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blessing  if  it  serves  to  rouse  up  a  coun^eous 
spirit  that,  but  for  it,  would  have  slept  on. 

Accustomed  to  acquire  information  under 
the  guise  of  amusement,  people  will  soon 
reject  that  which  is  presented  to  them 
under  the  aspect  of  study  and  labor. 
Learning  their  knowledge  and  science  in 
sport,  they  will  be  too  apt  to  make  sport  of 
both  ;  while  the  habit  of  intellectual  dissipa- 
tion, thus  engendered,  cannot  fail,  in  course 
of  time,  to  produce  a  thoroughly  weaken- 
ing effect  both  upon  their  mind  and  char- 
acter. '  *  Multifarious  reading,  * '  said  Robert- 
son of  Brighton,  ''weakens  the  mind  like 
smoking,  and  is  an  excuse  for  its  lying 
dormant.  It  is  the  idlest  of  all  idleness,  and 
leaves  more  impotency  than  any  other.*' 

The  evil  is  a  growing  one,  and  operates  in 
various  ways.  Its  least  mischief  is  shallow- 
ness; its  gr^test,  the  aversion  to  steady 
labor  which  it  induces,  and  the  low  and 
feeble  tone  of  mind  which  it  encourages.  If 
we  would  be  really  wise,  we  must  diligently 
apply  ourselves,  and  confront  the  same 
continuous  effort  that  our  forefathers  did; 
for  labor  is  still,  and  ever  will  be,  the 
inevitable  price  set  upon  everything  that 
is  valuable.  We  must  be  satisfied  to  work 
with  a  purpose,  and  wait  the  results  with 
patience.  All  progress,  of  the  best  kind,  is 
slow  ;  but  to  him  who  works  faithfully  and 
zealously  the  reward  will,  doubtless,  be  vouch- 
safed in  good  time.  The  spirit  of  industry, 
embodied  in  a  man*s  daily  life,  will  gradu- 
ally lead  him  to  exercise  his  powers  on 
objects  outside  himself,  of  greater  dignity 
and  more  extended  usefulness.  And  still  we 
must  labor  on  ;  for  the  work  of  self-culture 
is  never  finished.  "To  be  employed,'*  said 
the  poet  Gray,  "is  to  be  happy."  "It  is 
better  to  wear  out  than  to  rust  out,**  said 
Bishop  Cumberland.  "Have  we  not  all 
eternity  to  rest  in?'*  exclaimed  Arnauld. 

Worky  the  watchword,  calls  from  every- 
where for  men  to  equip  themselves  with 
knowledge,  for  the  struggle  of  life.  Progress 
in  knowledge  should  be  the  aim  of  old  and 
young ;  the  needs  of  the  times  demand  it. 
Man  was  designed  for  work,  not  for  ease. 


1H8 


FROM  FARMER  BOY  TO  COLONIAL  GOVERNOR. 


Most  people  want  the  results  of  self-culture 
without  the  work.  Knowledge  acquired 
without  study  and  labor  is  not  education. 
Those  accustomed  to  learn  easily  will  reject 
that  which  is  accompanied  by  study  and 
labor.  We  should  desire  to  rise  by  study 
and  hard  work,  whose  results  will  endure 
the  tests  of  time  and  use. 


FROM  FARMER  BOY  TO  CX)LONIAL 

GOVERNOR. 


THE  American  farm  has  given  this  nation 
and  the  world  at  large  some  of  the 
most  illustrious  men  that  have  within 
the  century  just  closing  adorned  the  earth  and 
strengthened  the  race  by  their  presence, 
influence,  and  ability. 

Nature's  true  noblemen  have,  from  Wash- 
ington to  Lincoln,  and  from  Lincoln  to  Grar- 
field,  come  from  the  quiet,  charming,  virtuous 
country  homes  of  the  land,  to  lead  Americans 
in  every  social  struggle,  and  in  every  national 
crisis,  to  victory  and  to  renown. 

Witness  the  following  narrative  of  a  noble 
soul's  success,  the  triumph  of  a  brave 
farmer's  boy,  the  march  from  the  plow  to  the 
highest  honors  a  grateful  nation  can  bestow, 
the  governorship  of  an  imperial  domain,  the 
Philippine  Archipelago.  This  historic  group 
of  fourteen  hundred  islands,  with  ten 
millions  of  people,  is,  for  General  Merritt, 
its  first  governor,  as  it  is  for  the  United 
States  of  America,  a  new  field.  Appointed 
to  this  high  office.  General  Merritt  is  not 
only  honored,  but  has  before  him  duties 
that  will  demand  the  display  of  all  the 
qualities  of  greatness  he  has  already  shown, 
and  others  that  he  will,  no  doubt,  disclose. 
Said  General  Banks,  **  Responsibility  educates 
men."  General  Merritt  has  not  only  to 
fight,  but,  by  wisdom,  to  pacify,  organize, 
and  rule  these  people,  for  their  own  good 
and  the  honor  of  the  United  States. 

Wesley  Merritt,  bom  in  New  York  City, 
in  1836,  was  graduated  at  West  Point,  April 
5th,  1862;  took  part  in  Stoneman's  raid 
about  Richmond,  and  had  command  of  a 
cavalry  brigade  ;  he  w^as  breveted  major  for 
valor  at  Gettysburg,  after  having  received  suc- 
cessive brevets  for  bravery  at  Yellow  Tavern, 
Hawes'  Shop,  and  Winchester.  At  Five 
Forks,  he  was,  for  courage,  breveted  briga- 
dier- and  then  major-general  in  the  regular 
army ;  and,  later,  was  commissioned  major- 
general.  He  did  good  service  on  the  frontier 
till  1882,  when  he  was  put  in  charge  of  West 
Point.  He  afterwards  served  again  at  Fort 
Leavenworth. 


The  following  interesting  facts  taken  from 
**The  New  York  Herald"  and  ** The  Army 
and  Navy  Journal "  show  the.inherent  power 
and  extraordinary  gifts  of  this  illustrious 
soldier.  Merritt  won  fame  and  honor  as 
Sheridan's  chief  officer  in  the  great  battles 
of  the  Civil  War.  He  was  an  unrelenting 
warrior,  once  fighting  nine  battles  in  ten 
consecutive  days. 

His  father,  John  Willis  Merritt,  was  a  New 
York  lawyer.  When  Wesley  was  four  years 
old,  his  father,  having  a  large  and  increasing 
family,  abandoned  law  for  agriculture,  and 
bought  a  farm  at  "Looking-Glass  Prairie," 
near  Belleville,  Illinois,  not  far  from  St. 
Louis.  The  boy  Wesley  attended  a  school 
of  Christian  Brothers  at  Belleville.  He 
worked  for  three  years  on  the  farm  with  hia 
brothers,  raising  com  and  pork. 

Young  Merritt  often  drove  the  farm  team 
seventeen  miles  to  town,  getting  fifteen  cents 
a  bushel  for  his  corn.  There  was  little 
money  then  in  circulation,  and  pasteboard 
checks  were  used  instead.  At  sixteen.  Gov- 
ernor Bissell  secured  him  a  cadetship  at 
West  Point. 

**Up  to  that  time,"  said  Merritt,  "I  had 
no  idea  of  ever  becoming  a  soldier.  My 
ambition  was  to  be  a  good  lawyer  and  poli- 
tician, and  enter  public  life.  I  believed  that 
my  forte  lay  in  discussion  and  public  speak- 
ing. However,  when  my  father  pointed  out 
the  great  advantages  of  a  West  Point  educa- 
tion, a  careful  consideration  of  the  subject 
convinced  me  of  its  wisdom.  I  accepted  his 
views  and  went  to  West  Point.  The  course 
of  study  was  for  five  years.  I  got  along  very 
well.  I  did  not  stand  high  in  my  class 
except  in  English,  and  was  rather  slow  in 
mathematics.  I  think  I  was  in  the  only  class 
ever  graduated  from  that  institution  which 
took  a  course  occupying  full  five  years." 

The  farms  of  America  make  of  the  youths 
who  toil  thereon  the  most  resourceful  and 
self-reliant  men  in  the  world. 

"Aim  at  the  highest  prize :  If  there  thou  fkll. 
Thou'lt  haply  reach  the  one  not  £ar  below.'* 


CHEERFULNESS  AT  VORK* 

NEVER  did  Thomas  Carlyle  write  nobler 
lines  than  these :  * '  Give  us,  O  give  us, 
the  man  who  sings  at  his  work  be  his 
occupation  what  it  may !  He  will  do  more  in 
the  same  time,  he  will  do  it  better.  One 
is  scarcely  sensible  to  fatigue  whilst  one 
marches  to  music.  Wondrous  is  the  strength 
of  cheerfulness,  altogether  past  calculation 
its  powers  of  endurance." 


ANDREW  CARNEGIE. 


A  Notable  Examplb  os  Sblp-Achibved  Suocbsb. 


THE  Bul^ject  of  this  eketch  was  born  on 
the  26th  of  November,  1837,  in  Dum- 
fermline,  near  Edmburgh,  ScotloDd. 
Hia  &ther,  Willicun  Camef^e,  vaa  a  master 
linen  weaver.  Andrew  received  hia  early 
education  from  hie  mother,  but  ftt  the  age 
of  eight  he  woa  sent  to  the  local  echool- 
nuster.  Scarcely  had  be  started  on  hie 
nsdiee,  however,  when  bis  father  wae 
deprived  of  work  through  the  introduction 
ot  Bteam  power.  So  the  family  left  Scot- 
land and  came  to  Allegheny  City,  Pa. 

At  the  age  of  twelve,  Andrew  did  hia  share 
towarda  the  aopport  of  the  fiunily  by  work- 
ing aa  a  bobbin  boy 
in  a  cotton  foctory,  at 
11.20  per  week.  By  con- 
itont  study  and  obeer- 
vstion  be  learned  to  run 
>  small  atcam  engine  in 
the  cellar  of  the  factory, 
tud  Bflerwarda  to  act  aa 
derk  for  bis  employer. 

At  the  age  of  fourteen 
he  obtained  a  position 
u  messenger  boy  for  the 
ObioTelegraph  Co., 
vherehe  finally  became 
ui  operator  at  (25  per 
ffloDth.  Tbiswaaawel- 
Bome  change,  as  the 
death  of  hia  father  hod 
lefthim  the  sole  support 
of  the  family. 

Hie  next  poaition,  as 
ui  operator,  waa  with 
the  Penney  Ivania  Rail- 
road Company.      Here 
he  rapidly  maatered  the     ""w**^ '" 
details  of  train  despatch- 
ing, and  perfected  &  aystem  eo  superior  tc 
*ii  dieting  methods  that  he  was  promoted, 
fiiW,  tothe  poaition  oFsecretary  to  the  auper- 
intendent,  and  afterwarda  to  the  anperin- 
lendeucy  of  the  ireatem  division,  at  the  age 
rf  twenty.     He  was  inHtromental  in  intro- 
ducing the  Woodruff  sleeping  cars,  and  from 
hie  investment  in  them  realized  the  begin- 
ning of  hia  fortune. 

In  Igei,  he  rendered  good  service  to  the 

Government,  in  charge  of  the  military  rail- 

«»dB  and  tel^raphs,  but  his  nest  businees 

venture  viaa  in  the  (kmous  Storey  Farm,  Oil 

.  CkA,  Pi.,  which   he  bought,  with   two 


AMDBEW  CiBNBJW. 


otbera,  for  $40,000.  Ita  value  soon  rose  to 
15,000,000,  and  one  year's  dividend  alone 
amounted  to  11,000,000. 

After  disposing  of  his  interest  in  this  bnsi- 
neea,  he  atarted  the  Keystone  Bridge  Works, 
of  Pittsburg,  Pa.    This  waa  soon  followed 
by  the   Union   Iron  Mill   and    tbe  Edgar 
Thompson  Steel  Mill.    After  buying  out  hig 
rival,  tbe  Homestead  Steel  Works,  and  build- 
ing other  great  plants,  he  became,  and  has 
remained,  the  largest  iron  and  steel  manu- 
facturerin  tbe  world,  employing  25,000  men, 
whose  monthly  wages  aggregate  $1,125,000. 
The  reasons  for  hia  auccess  are  not  hard  to 
find.    Hampered  by 
poverty  and  hardahipa, 
but  employing  all   his 
available  time   in  self- 
improvement,    he   waa 
bound  to  rise.     lie 
gladly  acknowledges 
tbat  tbe   education 
which  enabled  bim  to 
advance  was  gained  by 
tbe  study  of  books 
loaned  bim  by  a  Colo- 
nel Anderson,  of  Alle- 
gheny, who  opened  his 
Ubrary  to  working  boys 
and  men  on  Saturdays. 
In  a  like  spirit  of  phi- 
lanthropy, Mr.  Carnegie 
has  given  large  sums  to 
various  cities    for  tbe 
foundation  o^   .roe 
libraries.    His  "luck' 
may  be  analyzed  as  tbe 
possession  of  a  clear 
■**     mind,  a  strong  will,  the 
ability  to  see  opportuni- 
ties, the  ambition  to  takequick  advantage  of 
them,  and  the  power  of  will  to  "stick" 
until  all  difficulties  were  overcome. 

In  the  face  of  hia  experience— and  he  ia 
only  one  of  many — no  man  should  feel 
diacouraged  because  his  lot  ia  cast  "at  the 
bottom  of  the  ladder."  Garfield  has  said, 
"Poverty  ia  uncomfortable,  as  I  can  testify  ; 
but  nine  times  out  of  ten  the  best  thing  that 
can  happen  to  a  young  man  is  to  be  tossed 
overboard,  and  compelled  to  sink  or  ewim 
for  himaelf.  In  all  my  acquaintance  I  never 
knew  a  man  to  be  drowned  who  was  worth 
the  saving." 
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A  PRINTER'S  SUCCESS. 


A  PRINTERS  SUCXIESS. 


A  GOOD  MANNER. 


Persist,  If  thou  wouldst  truly  reach  thine  ends, 
For  failures  oft  are  but  advising  friends. 

From  a  printer's  apprentice,  carrying  hie 
dinner  in  a  napkin  and  working  day  and 
night  to  get  a  Uving,  Robert  Bonner  rose  to 
be  the  owner  of  millions  and  a  leader  in 
many  departments  of  life.  He  did  not  get 
his  fortune  by  any  trick  or  streak  of  luck, 
but  by  steady,  honest  effort,  careful  saving, 
and  prudent  investment.  Bonner  might  be 
called  the  father  of  advertising.  He  saw  its 
value ;  he  dared  heights  of  boldness  in  calling 
attention  to  his  wares  that  amazed  his  con- 
temporaries. He  was  always  the  champion  of 
right,  and,  at  an  early  age,  allowed  himself  to 
be  turned  out  of  school  for  his  part  in  defend- 
ing a  boy  whom  he  knew  to  be  innocent. 
The  quickest  typesetter  in  the  office  of  the 
Hartford  "Courant,"  he,  on  one  occasion, 
set  up  the  President's  message,  at  the  rate  of 
1,700  ems  an  hour,  to  enable  that  paper  to 
get  the  message  out  in  advance  of  other 
papers. 

From  Hartford  he  went  to  New  York, 
and,  in  the  broader  field,  soon  conquered 
his  way  to  a  place  among  the  prominent, 
leading,  and  successful  business  men  of  the 
metropolis.  He  sometimes  invested  every 
dollar  he  had  in  bringing  his  enterprises 
before  the  people,  but  would  not  get  into 
debt,  and  always  refused  to  accept  credit. 
When  he  began  on  the  Hartford  "  Courant " 
he  got  his  board  and  lodging,  $25  for  the 
first  year,  $35  for  the  second,  and  $45  for  the 
third.  Never  having  had  any  school  advan- 
tages to  speak  of,  he  endeavored  to  learn 
all  he  could  from  the  copy  he  set  up.  He 
always  saved  something.  Never  accumula- 
ting money  for  the  sake  of  getting  rich,  he 
WQnt  on  the  principle  of  living  always 
within  his  income,  and  so  his  bank  account 
grew.  One  day  after  he  went  to  New  York 
he  found  that  he  had  $70  ahead,  and  with 
this  opened  a  bank  account,  keeping  up  the 
deposits  until  they  amounted  to  $1,000  a 
week.  When  he  bought  the  New  York 
**  Ledger"  it  was  a  little  financial  sheet.  Bon- 
ner made  it  a  family  journal  and  employed 
some  of  the  most  note<i  writers  in  the  coun- 
try to  contribute  to  it.  He  paid  these  con- 
tributors such  extravagant  prices  for  their 
work  that  all  the  newspapers  of  the  country 
ridiculed  his  lack  of  judgment  without  con- 
sidering that  he  was  getting  his  money's 
worth  out  of  them  in  free  advertising.  So 
he  became  immensely  rich.  He  attributed 
his  remarkable  success  to  perseverance. 


THERE  is  something  really  magical  about 
what  is  termed  *'  a  good  manner"  that 
impresses  itself  upon  even  a  stranger. 
Many  a  man  has  *'  won  life's  battle"  largely 
by  this  weapon. 

A  young  man  left  his  Green  Mountain 
home  at  the  age  of  twenty,  and  started  for 
the  wide  West,  to  seek  his  fortune.  He  was 
used  to  poverty  and  hardship,  and  it  did  not 
dishearten  him  to  find  himself  one  day,  in  a 
town  of  Illinois,  sixteen  miles  from  Jackson- 
ville, with  but  a  few  pennies  in  his  pocket, 
and  no  friend  within  a  thousand  miles  to 
whom  he  could  look  for  help.  He  had  just 
walked  from  Jacksonville,  but  his  coat  ovar 
his  arm  was  his  heaviest  baggage.  He  placed 
himself  at  once  in  the  avenues  of  business, 
on  the  sharp  lookout  for  any  opening  that 
might  offer.  A  great  sale  of  property,  which 
lasted  three  days,  was  just  banning,  and 
the  auctioneer  was  looking  for  some  one  to 
act  as  clerk  of  the  sale. 

This  young  man's  face  and  genial  air 
pleased  him,  and  he  was  at  once  offered  the 
Hituation,  at  two  dollars  a  day.  He  went  to 
work  with  a  will,  and  by  his  winsome  manner, 
ready  wit,  and  obliging  ways,  won  the  hearts 
of  the  whole  crowd  before  the  first  day  was 
over.  Such  a  young  man  those  hearty 
Westerners  felt  they  did  not  see  every  day. 
They  must  make  a  fixture  of  him.  So,  as 
soon  as  the  sale  was  over,  they  offered  him  a 
position  as  teacher  in  one  of  their  schools. 
This  he  gladly  accepted,  studying  law  in  his 
leisure  hours.  His  progress  was  rapid,  and 
when  twenty-one  he  opened  his  law  office, 
and  b^an  regular  practice.  A  year  later  he 
was  by  the  legislature  elected  attorney- 
general  of  the  state.  The  next  year  he  was  a 
member  of  the  legislature.  After  that  he  was 
secretary  of  the  State  of  Illinois,  then  judge 
of  the  supreme  court  for  three  years  till 
elected  to  congress,  where  he  served  as 
representative  and  then  senator  till  the  end 
of  his  life. 

Stephen  A.  Douglas,  the  young  man  from 
the  Green  Mountains,  had  high  talents,  but 
his  pleasant  manner,  from  the  beginning 
to  the  end  of  his  career,  was  what  gained 
him  the  larger  share  of  his  popularity  and 
success. 


If  the  history  of  our  citizens  of  wealth 
were  written,"  says  Hon.  William  E.  Dodge, 
'*we  should  find  that  fully  three-fourths 
have  risen  from  comparatively  small  begin- 
nings to  their  present  position.' 
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VALUE  OF  CONCENTRATION. 


ONE  of  the  hardest  tasks  to  master  is  to 
concentrate  the  whole  attention  upon 
the  lesson  of  the  morrow  ;  for  the  stu- 
dent in  college  to  prepare  for  the  next  recita- 
tion without  running  into  the  ball  field,  or 
allowing  his  gaze  to  wander  around  the 
room,  or  doing  anything  else  in  order  to 
cheat  himself  out  of  what  he  ought  to  do. 
In  study,  as  in  business,  we  must  not  only 
strike  the  iron  while  it  is  hot,  but  strike  it 
antil  it  is  made  hot. 

William  A.  Mowry  tells  a  story  of  one  of 
the  foremost  American  scholars,  who  found 
himself  spending  two  hours  a  day  in  pre- 
paring his  Latin  lessons.  He  determined  to 
get  that  lesson  in  an  hour  and  fifty  minutes, 
and  succeeded.  When  he  afterwards  sat 
down  to  learn  his  Latin  he  bent  every 
energy  to  accomplish  it  in  the  shortest  pos- 
sible time.  He  found,  by  daily  trials,  that 
he  could  learn  it  in  an  hour  and  forty-five 
minutes,  and  that  the  time  required  was 
diminishing.  Concentrating  all  his  powers 
upon  the  task,  day  by  day,  he  soon  found 
himself  studying  only  an  hour  and  a  half 
upon  it,  then  five,  ten,  and  even  thirty 
minutes  less.  Encouraged,  he  redoubled 
his  efibrts,  and  within  a  few  months  the 
lesson  could  be  learned  in  less  than  half  an 
hour,  a  thing  absolutely  impossible  with  his 
habits  of  study  when  he  entered  the  school. 
It  is  not,  indeed,  the  quantity  of  study  that 
one  gets  through,  or  the  amount  of  reading, 
that  makes  a  wise  man ;  but  the  appropriate- 
ness of  the  study  to  the  purpose  for  which  it  is 
pursued ;  the  concentration  of  the  mind,  for 
the  time  being,  on  the  subject  under  con- 
sideration; and  the  habitual  discipline  by 
which  the  whole  system  of  mental  applica- 
tion is  regulated.  Abernethy  was  even  of 
opinion  that  there  was  a  point  of  saturation 
in  his  own  mind,  and  that  if  he  took  into  it 
something  more  than  it  could  hold,  it  had 
the  efiect  only  of  pushing  something  else 
oat  Speaking  of  the  study  of  medicine,  he 
said :  *'  If  a  man  has  a  clear  idea  of  what  he 
desires  to  do,  he  will  seldom  fail  in  selecting 
the  proper  means  of  accomplishing  it." 

BE  AN  OAK,  NOT  A  VINE. 

THERE  is,  according  to  Dr.  J.  G.  Holland, 
no  surer  sign  of  an  unmanly  and  cow- 
ardly spirit  than  a  vague  desire  for  help, 
a  wish  to  depend — to  lean  upon  somebody 
wwi  to  enjoy  the  fruits  of  the  industry  of 
others.    There  are  multitudes  of  young  men 


who  indulge  in  dreams  of  help  from  some 
quarter  coming  in  at  a  convenient  moment 
to  enable  them  to  secure  the  success  in  life 
that  they  covet.  The  vision  haunts  them 
of  some  benevolent  old  gentleman  with  a 
pocketful  of  money,  and  a  trunkful  of 
mortgages,  and  stocks,  and  a  mind  remark- 
ably appreciative  of  merit  and  genius,  who 
will,  perhaps,  give  or  lend  them  from  ten  to 
twenty  thousand  dollars,  with  which  they 
will  commence  and  go  on  swinmfiingly. 

"Tome,"  adds  the  bame  writer,  "one  of 
the  most  disgusting  sights  in  the  world  is 
that  of  a  young  man  with  healthy  blood, 
broad  shoulders,  and  a  hundred  and  fifty 
pounds,  more  or  less,  of  good  bone  and  mus- 
cle, standing  with  his  hands  in  his  pockets 
and  longing  for  help.  I  admit  that  there  are 
positions  in  which  the  most  independent 
spirit  may  accept  of  assistance — may,  in  fact, 
as  a  choice  of  evils,  desire  it ;  but  for  a  man 
who  is  able  to  serve  himself,  to  desire  the 
help  of  others  in  the  accomplishment  of  his 
plans  of  life  is  positive  proof  that  he  has 
received  a  most  unfortunate  training,  or  that 
there  is  a  leaven  of  meanness  in  his  compo- 
sition that  should  make  him  shudder." 


THE  CALL  OF  QTIZENSHIP. 


WE  WISH  to  maintain  a  republican  form 
of  government  as  a  beacon  to  the 
world.  Then  it  behooves  each  citizen 
to  justify  his  ideal  of  republicanism  in  his 
own  personality.*  Let  us  disprove  the  idea 
that  America  is  the  paradise  of  the  common- 
place, by  aspiring  to  a  higher  degree  of  intel- 
lectual culture  than  we  have  yet  attained. 
Let  us  show  to  the  world  that  there  is  a 
dignity  in  a  cultured  mind  and  heart  com- 
pared with  which  the  honor  of  being 
descended  from  crowned  heads  and  princes 
of  the  blood  sinks  into  insignificance. 

WHAT  EXPERIENCE  TEACHES. 


EXPERIENCE  teaches  that  we  become 
that  which  we  make  ourselves.  Every 
man  stamps  his  own  value  upon  him- 
self, for  we  are  great  or  little  according  to  our 
will.  We  try  to  be  honest,  kind,  and  true, 
and  little  by  little  we  become  that  for  which 
we  strive ;  and  what  once  was  diflScult,  by 
degrees  becomes  less  and  less  so.  Activity, 
goodness,  benevolence,  and  temperance  grow 
by  use ;  and  that  which  was  once  accom- 
plished with  eflfort  becomes  easy  and  natural. 
Thus  a  man  may  make  himself  generous, 
just,  sympathetic,  and  magnanimous — civil, 
polite,  forbearing,  and  gentlemanly. 
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SELF-RESPECT. 


SELF-RESPECT  is  the  noblest  garment 
with  which  a  man  may  clothe  himself— 
the  most  elevating  feeling  with  which 
the  mind  can  be  inspired.  One  of  Pytha- 
goras' wisest  maxims,  in  his  *  *  Grolden  Verses,  *  * 
isthat  with  which  heenjoinsthe  pupil  to  "rev- 
erence himself.  *  *  Borne  up  by  this  high  idea, 
he  will  not  defile  his  body  by  sensuality,  nor 
his  mind  by  servile  thoughts.  This  senti- 
ment, carried  into  daily  life,  will  be  found  at 
the  root  of  all  virtues — cleanliness,  sobriety, 
chastity,  morality,  and  religion.  **  The  pious 
and  just  honoring  of  ourselves,''  said  Milton, 
''maybe  thought  the  radical  moisture  and 
fountain  head  from  whence  every  laudable 
and  worthy  enterprise  issues  forth."  To 
think  me&nly  of  one's  self,  is  to  sink  in  one's 
own  estimation  as  well  as  in  the  estimation 
of  others.  And  as  the  thoughts  are,  so  will 
the  acts  be.  Man  cannot  aspire  if  he  look 
down  ;  if  he  will  rise,  he  must  look  up.  The 
very  humblest  may  be  sustained  by  the 
proper  indulgence  of  this  feeling.  Poverty 
itself  may  be  Ufted  and  lighted  up  by  self- 
respect  ;  and  it  is  truly  a  noble  sight  to  see  a 
poor  man  hold  himself  upright  amidst  his 
temptations,  and  refuse  to  demean  himself 
by  low  actions. 

Self-control  and  self-respect,  its  essential 
concomitant,  ensure  the  production  of  that 
true  type  of  man  and  citizen  of  whom  it  may 
well  be  written :  ^ 

He  serves  his  country  best 
Who  lives  pure  life  and  doeth  righteous  deed, 
And  walks  straight  paths,  however  others  stray, 
And  leaves  his  sons,  as  uttermost  bequest, 
A  stainless  record,  which  all  men  may  read. 


HOV  HABIT  GAINS  IN  STRENGTH. 


HABIT  gains  in  strength  by  repetition  of 
the  act.  Penmanship  is  a  habit  of  the 
hand,  and  so  are  knitting  and  sewing. 
As  the  habit  is  perfected  we  become  less  and 
less  conscious  of  the  act,  and  finally  do  it 
unconsciously.  This  is  a  very  important 
principle  in  education.  Mental  processes, 
like  speaking,  writing,  spelling,  etc.,  must 
be  made  mechanical.  Here  is  the  right  place 
for  mechanical  teaching  by  means  of  drill. 
These  processes  should  be  made  almost 
wholly  unconscious.  It  is  practice  and  not 
the  learning  of  rules,  that  accomplishes 
the  result.  These  processes  should  also 
be  made  reflexes ;  as  the  spinal  cord  is 
the  organ  for  reflex  actions,  we  might 
almost  say  that  spelling  ought  to  be  made  a 
function  of  the  spinal  cord,   like  knitting 


and  sewing.  One  has  not  been  properly 
taught  to  spell  a  word  if  he  can  spell  it 
only  when  he  watches  the  spelling:  he 
should  be  able  to  spell  it  correctly  uncon- 
sciously. All  mental  energy  expended  in 
watching  one's  spelling,  punctuation,  pro- 
nunciation, etc.  is  wasted.  If  the  schools 
will  train  students  to  speak,  write,  and  spell 
almost  entirely  without  conscious  thought 
of  these  processes,  they  will  set  free  mental 
energy  for  purposes  of  thinking,  which  is 
equivalent  to  "furnishing  brains.*'  A  per- 
son who  must  watch  his  language  when  he 
expresses  himself  is  hampered  all  his  life. 


TRUE  CX)URAGE. 


4  ( I^HE  greater  part  of  the  courage  that  is 
1  needed  in  the  world  is  not  of  an 
heroic  kind.  Courage  may  be  dis- 
played in  every -day  life  as  well  as  on  historic 
fields  of  action.  The  conmion  need,  is  for 
courage  to  be  honest,  courage  to  resist  temp- 
tation, courage  to  speak  the  truth,  courage 
to  be  what  we  really  are,  and  not  pretend  to 
to  be  what  we  are  not,  courage  to  live  hon- 
estly within  our  means,  and  not  dishonestly 
upon  the  means  of  others." 


HABIT  AND  EDUCATIOTI. 


HABIT  is,  in  a  broad  sense,  a  characteris- 
tic of  all  material  things.  The  folds  in 
your  coat  are  habits  of  the  texture  of 
the  cloth.  Wood  and  iron  frequently  bent 
into  special  shape,  tend  to  remain  in  that 
shape.  There  is  a  kind  of  inertia  in  matter 
in  this  respect.  Comte  called  it  the  **  indo- 
lence of  nature."  Physicists  speak  even  of 
the  "fatigue"  of  steel.  All  habits  have  a 
physical  basis.  Our  mental  and  moral  habits 
are  based  on  the  physiological  habits  of  our 
nerve  centers. 


"It  is  not  work  that  kills  men,"  sayE 
Henry  Ward  Beecher,  "it  is  worry.  Work 
is  healthy :  you  can  hardly  put  more  upon  a 
man  than  he  can  bear.  Worry  is  rust  upon 
the  blade.  It  is  not  the  revolution  that 
destroys  the  machinery,  but  the  friction." 


"You  cannot  dream  yourself  into  a  char^ 
acter;  you  must  hammer  and  forge  your- 
self one." 


"  The  heights  by  great  men  reached  and  kept, 
Were  not  attained  by  sudden  flight ; 
But  they,  while  their  companions  slept. 
Were  toiling  upward  in  the  night." 


STUDENTS   WHO   HAVE   BENEFITED   THEMSELVES 

THROUQH  HOME  STUDY 

IN  THE  INTERNATIONAL  CORRESPONDENCE  SCHOOLS, 

SCRANTCOT,  PA. 


FROM  MACHINIST  TO  ENGINEER  IN  CHARGE 

DRAFTSMAN  AND  DESIGNER.  OF  A  LARGE  PLANT. 


I  have  worked  ever  einoe  I  was  twelve 
years   of  age,  but 
today  I  possesH  a 
good    mechanical 
education.    I  have 
finished  the  Com- 
plete  Mechanical 
Course  of  The  In- 
ternational   Coire- 
epondence  Schoole, 
and  have  received 
thdr  diploma.     I 
have  risen  from  an 
ordinary  machinist 
to  be  a  draftsman 
and  designer,  and  now  bold  a  responsible 
podtioQ  with  a  good  salary,  which  ia  largely 
doe  to  the  thorough  course  of  instruction 
received.    I  am  now  taking  the  Electrical 
Engineering  Course,  and  hope  to  rise  still 
bi^h«r.—AUx.  McKendrick  (C.  £46$,   M.  E. 
8369),  Paterion,  N.  J. 


I  am  proud  to  acknowledge  myself  a 
graduate  of  The  International  Correspond- 
ence Schools.  Im- 
mediately after 
completing  my 
course,  I  applied 
for  the  position  of 
engineer  for  Ply- 
mouth, Pa.  The 
fact  that  I  held  the 
Schools'  Diploma, 
obtained  the  posi- 
tion for  me.  After 
1  liad  been  working 
e  year,  tlie  i 


cil  u 


isly 


recommended 
reelection,  on  account  of  very  satiafectory 
work.  In  1S9S  I  was  elected  for  the  same 
position,  and  also  as  engineer  for  Edwards- 
ville.  In  addition  to  this  work  I  am  able  to 
do  ooneiderable  outside  sorveying,  mapping, 
•Ic  AfilongasIlive,IvriUendeavortobea 
ovdit  to  the  School  to  which  lowesomuch. — 
IkmdT/umat{,S.M.SO,B.ess),Hy>iUMth,Pa. 


It  affords  me  great  pleasure  to  say  a  good 
word  for  The  International  Correspondence 
Schools.    I  completed  the  Stationary  Engi- 
neering Course  nearly  two  years  ago,  and  at 
once   took    up  the    Electrical    En^neering 
Course.    During  this  time,  I  have  been  able 
to  accept,  in  succession,  two  poeitiODS  of 
responsibility, 
neither  of  which  I 
could    have   filled 
but  for  the  instruc- 
tion recwved  from 
the  Schools.  I  have 
advanced  from  run- 
ninga7"X9"sim- 
ple  engine  toa  400- 
horsepower  c  o  m- 
pou  nd-condensing 
engine  for  a  street- 
railway  plant,  and 
the  usual  electrical 

apparatus.    The  Schools  ore  doing  more  to 
elevate  the  standard  of  engineers  and  elec- 
tricians than   any  other   agency,   and   will 
always  receive  my  hearty  support;.— Horace 
A,  Dodge  (M.  135S,  M.  E.  ]616,  A.  D.  147), 
Pres.  Assodatum  No.  S£,  N.  A.  S.  E.,  Roeh- 
ford,  lU.  ______ 

HAS  BECOME  AN 

ELECTRICIAN  AND  INVENTOR. 

I  cannot  recommend  The  International 
Correspondence 
Schools  too  highly. 
Since  taking  the 
Electrical  Power 
and    Lighting 
Course,    I    have 
become  electrician 
for  tlie  New  Union 
Station,   St.  Louis, 
Mo.     From  the 
knowledge  gained 
in    the   Course,   I 
have  been  able  to 
invent  and  success- 
fully procure  patents  on  mechanical  and  eleo 
tricai  devices  in  the  United  States,  Canada, 
Great  Britwn,  Germany,  and  France. — Geo. 
P.  McDomua  (J.  XIS,  U.  7666),  IA.  Lwu,  Jfo. 


STUDRNTS  WHO  HAVE  BENEFITED  THEMSELVES. 


FROM  TRAPPER  TO   

SUPERINTENDENT. 

I  have  worked  in  aad  around  minee  for 
upwaida  of  27  years,  and  have  advanced 
my  Bel  f  from  trapper 
to  superinl«ndent. 
I  supplemented  my 
practical  expe- 
rience by  devoting 
all  mj  ipare  time 
to  the  study  of  the 
Complete    Coal 
Mining   Conroe  of 
The  Intflrnational 
Correspondence 
Schools,    and    ac- 
quired  a  thorough 
theoretical  knowl- 
edge of  mining. 
This  knowledge  has  enabled  me,  on  aeveral 
occasions,  to  Buoceasfuily  meet  severe  tests  of 
my  ability  as  a  surveyor.    In  one  case  I  ran 
an  entry  500  feet,  almost  a  half  drcle  in 
shape.    The  workmen  started  at  each  end 
and  the  connection  was  perfect     All  my 
theoretical  knowledge  I  gained  through  the 
Schools.— Jam«ifack«T/(C.  if.34,S.  M.  ISO), 
Eaa  Branch,  W.  Va. 


CARPENTER  ADVANCED  TO 

CONTRACTOR  AND  BUILDER. 

I  take  pleasure   in  stating  that  I  have 
derived  great  benefit 
from  the  method  of 
teaching,  as  it  is 
thoroughly  practical. 
The  Instruction  and 
Question  Fapeiv  are 
clear,  easily  under- 
stood by  any  one,  and 
most  thorough.   The 
method  of  instruc- 
tion is  satisfactory  in 
all  respecte,  and  the 
work  sent  in  under- 
goes Buch  careful  ex- 
amination that  I  have  been  surprised  at  what 
minute  mistakes  receive  correction.     As  far 
as  I  have  progressed  with  my  course,  it  has 
been  very  beneficial  to  me.    I  have  been 
able  to  advance  myself  from  a  carpenter  to 
a  contractor  and  builder,  and  expect  event- 
ually to  become  an  architect,  for  all  of  which 
IcredittheSchools.— /o;™/.  WoUM(A.17S), 
J^erton,  Wit. 


OflEF  MAOHNIST 

ON  A  WARSHIP. 

To  the  man  who  works  from  10  to  14  honn 
a  day,  and  whose  means  is  limited  to  the 
small  pay  received  by  the  engineer  at  the 
bottom  of  the  ladder,  I  have  this  to  eay 
regarding  The  International  Correepiondence 
Schools,  of  Scranton ,  Pa.     I  believe  it  is  just 
the  thing  necessary  to  decrease  his  hours  of 
labor  and  increase  his  salary,  since  the  man 
who  has  the  best  knowledge  of  engineering 
getsaheodthefastest    Iwaaalittle  skeptical 
at   first  regarding 
the  correspondence 
system  of  instruc- 
tion, but  the  man- 
ner in  which  things 
■mete  explained  was 
a  revelation  to  me. 
I  found  the  knowl- 
edge gained  in  the 
Schools  of  great 
service    to   me  in 
obtaining  and  fill- 
ing the  responsible 
position  of  Chief 

Machinist  on  one  of  Uncle  Sam's  ships  dni^ 
ing  our  war  with  Spain,  Somebody  hit  the 
spike  in  the  right  place  when  he  said, 
"To  earn  more,  learn  more."— ff.  D.  HM 
(H.7860),  CUvthmd,  Ohio. 

HIS  SALARY  RABED- 

14300  OTHERS  REDUCED. 

The  benefits  derived  from  my  Comjdet* 
Mechanical  Course  in  the  Schools  are  many. 
I  commenced  receiving  extra  pay  for  draw- 
ings soon  after  com- 
pleting the  subject 
of  Mechanical 
Drawing.  During 
the  hard  times  of 
1895-90  my  wages, 
as  engine  runner, 
were  raised,  while 
those  of  every  other 
employe,  to  the 
number  of  1,000 
men,  from  superin- 
tendent to  the  boy 
who  gathered  the 
time  hooka  for  the 

different  departments,  were  cut  to  a  lower 
scale.  I  am  now  my  own  employer. — Levi  C 
Beardsley  (&  S87),  Qardai,  Mich. 
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ESTING  OF  STEEL. 


C.  P.  Turner. 

Impobtance  op  Systematic  Tests — Practical  Methods  of   Testing — ^Types  of  Testing 
Machines — Preparation  op  Specimens — ^High  and  Low  Carbon  Steels. 


IRON  is  by  far  the  most  valuable  material 
used  in  modem  engiDeering  operations, 
and,  of  the  many  forms  in  which  it  is 
now  employed,  the  most  important  and 
interesting  are  the  products  of  those  won- 
derful processes,  the  Bessemer  and  the  open- 
hearth,  or  Siemeue-Martin,  which  are  classed 
under  the  general  name  of  steel.  The  rapid 
development  of  the  methods  by  which  steel 
has  been  brought  to  its  present  great  imi)or- 
tance  in  our  every-day  life  is  due  in  great 
measure  to  the  systematic  methods  of  testing 
that  have  been  applied  to  the  study  of  the 
effects  of  different  methods  of  manufacture 
on  its  physical  properties. 

The  first  and,  in  many  respects,  the  most 
important  test  to  which  steel  is  subjected  is 
a  chemical  analysis.  It  has  been  found  that 
the  presence  of  certain  chemical  elements, 
of  which  carbon,  the  principal  element  in 
the  composition  of  coal,  is  the  most  impor- 
tant, is  essential  to  the  production  of  good 
srteel,  and  that  its  strength,  hardness,  duc- 
tility, and  malleability  can  be  varied  through 
a  wide  range  by  varying  the  proportion  of 
these  elements.  There  are  other  elements, 
notably  sulphur  and  phosphorus,  whose 
presence  in  steel  is  objectionable,  their 
effects  being  almost  universally  bad.  Unfor- 
tunately, these  undesirable  elements  have  a 
great  liking  for  the  society  of  iron ;  they 
are  generally  found  in  the  ores  and  fuel  used 
in  its  manufacture,  and  it  is  a  difficult  and 
expensive  process  to  remove  them.  Experi- 
ence shows  that,  for  a  given  grade  of  steel, 
a  certain  proportion  of  carbon  is  required, 
while  the  allowable  percentages  of  the  objec- 
tionable  elements  must  not  be   exceeded. 


These  considerations  show  the  importance 
of  the  chemical  analysis  as  a  preliminary,  by 
means  of  which  the  probable  qualities  of  the 
steel  can  be  determined  ;  in  fact,  if  we  have 
given  a  steel  of  satisfactory  chemical  com- 
position, definite  physical  properties  are 
assured  if  the  processes  of  casting,  heating, 
rolling,  forging,  and  annealing  are  properly 
carried  out.  If  these  processes  could  always 
be  thoroughly  regulated,  no  purely  physical 
tests  would  be  required  for  those  grades  of 
steel  in  which  the  relation  between  the 
chemical  composition  and  physical  proper- 
ties has  been  definitely  established.  Unfor- 
tunately, however,  the  different  processes 
employed  in  developing  the  finished  bridge 
bar,  piston  rod,  or  propeller  shaft  from  the 
crude  molten  uietal  turned  out  by  the  Bes- 
semer converter  or  the  open-hearth  furnace 
cannot  always  be  so  conti  oiled  as  to  secure 
perfectly  uniform  results ;  on  account  of  this 
uncertainty,  physical  tests  are  generally 
demanded  for  all  steel  to  be  used  in  impor- 
tant work,  no  matter  how  satisfactory  the 
chemical  analysis  may  be. 

Physical  tests  are  of  two  general  classes, 
which,  however,  are  often  so  closely  allied 
that  each  serves  the  purpose  of  the  other. 
The  first  class,  which  may  be  called  prac- 
tical, consists  of  tests  made  solely  for  the 
purpose  of  determining  the  suitability  of  a 
given  piece  or  grade  of  material  for  some 
particular  purpose ;  the  second  is  more 
especially  devoted  to  the  study  of  the  effects 
of  differences  in  chemical  composition,  or 
methods  of  manufacture,  on  the  properties 
of  the  material,  and  is  more  scientific  in  its 
purpose.     Thete  two  classes  of  tests  are  often 
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combined  in  one  operation ;  in  many  cases, 
a  test  whose  primary  object  is  to  determine 
the  strength  of  a  single  specimen  and  its 
adaptability  for  some  special  purpose,  is 
made  with  so  much  care,  and  all  the  condi- 
tions are  so  thoroughly  noted,  as  to  make  the 
record  of  the  results  valuable  for  purposes  of 
later  scientific  study.  It  is  not  the  purpose 
of  this  article,  however,  to  deal  so  much  with 
the  scientific  branch  of  the  subject  as  it  is  to 
describe  the  general  methods  employed  in 
practical  commercial  testing  and  the  signifi- 
cance of  the  difierent  phenomena  developed 
by  these  methods. 

The  first  requisite  of  a  material  to  be  used 
in  engineering  operations  is  that  property 
which  we  call  strength — ^that  is,  the  ability  to 
resist  the  action  of  forces ;  the  first  test 
demanded  is,  therefore,  one  which  will  give 
us  a  measure  of  the  strength.  There  are, 
however,  several  other  properties,  notably 
ductility,  malleability,  and  hardness,  which, 
in  the  case  of  steel,  are  of  as  much  impor- 
tance as  its  strength  ;  the  tests  must  there- 
fore be  so  conducted  as  to  furnish  reliable 
information  regarding  these  secondary  prop- 
erties. Steel  is  also  called  on  to  resist  the 
action  of  forces  in  a  number  of  difierent 
ways  ;  it  may  be  subjected  to  a  direct  pull, 
which  produces  what  is  known  as  a  termU 
stress;  again,  it  may  be  acted  on  by  a  force 
that  tends  to  crush  or  compress  it,  or  it  may 
be  subjected  to  a  bending,  a  shearing,  or  a 
twisting  stress.  In  many  cases  there  are  com- 
binations of  several  of  these  stresses,  in  addi- 
tion to  which  the  metal  is  called  on  to  resist 
the  effects  of  abrasion  or  wear. 

When  used  for  the  journals  of  machinery, 
steel  must  combine  a  reasonable  d^ree  of 
hardness  with  the  strength  and  ductility 
that  will  enable  it  to  resist  bending,  torsion, 
and  shock ;  in  boiler  plates  and  rivets,  the 
ability  to  withstand  a  great  amount  of  cut- 
ting, bending,  hammering,  and  shock,  to- 
gether with  the  effects  of  sudden  changes 
of  temperature,  are  imperative.  Many  of 
these  properties  are  conflicting  in  their 
nature  ;  great  strength  and  hardness  can  be 
obtained  only  at  the  expense  of  ductility 
and  the  ability  to  resist  shock  and  sudden 
changes  of  temperature. 

Experience  shows  that  the  most  satis- 
factory service  for  a  given  class  of  work  is 
obtained  by  the  use  of  a  steel  in  which  a 
certain  relation  between  these  conflicting 
properties  is  maintained,  those  properties 
which  are  of  minor  importance  being  sacri- 
ficed for  the  sake  of  the  others. 

It  is  manifestly  impracticable  to  subject  a 


specimen  of  each  lot  of  steel  intended  for 
some  particular  class  of  work  to  an  exhaust- 
ive test  which  will  subject  it  to  just  that  set 
of  conditions  under  which  the  material  is  to 
be  used ;  such  a  test  of  steel  for  car  axles 
would  require  that  an  axle  from  each  heat 
be  put  into  a  machine  that  would  subject  it 
to  the  same  combination  of  bending  stresses, 
shocks,  and  journal  wear  as  that  to  which 
the  axles  are  to  be  subjected  in  practice,  and 
that  these  conditions  be  maintained  for  a 
period  which  would  show  the  length  of  life  of 
the  axle.    From  a  commercial  point  of  view 
such  a  test  is  impracticable,  perfect  as  it  may 
appear  in  theory ;  it  is,  therefore,  necessary 
to  resort  to  some  simpler  method  for  all 
commercial  purposea    A  piece  that  repre- 
sents the  average  quality  of  the  steel  from 
which  the  axles  are  to  be  made  is  subjected 
to  a  few  simple  tests  that  will  reveal  its  most 
important  physical  properties  ;  the  results  of 
these  tests,  together  with  all  available  data 
regarding  chemical  composition  and  processes 
employed  in  the  manufacture  of  the  axle,  are 
carefully  recorded ;  finally,  a  careful  record 
is  made  of  the  performance  of  the  axles  in 
actual  service. 

From  such  a  set  of  tests  and  records,  car- 
ried on  through  a  term  of  years,  steel  makers 
and  the  users  of  car  axles  are  enabled  to 
select  the  particular  combination  of  chemical 
and  physical  properties  that  gives  the  most 
satisfactory  results  for  that  particular  class  of 
work.    A  similar  process  is  employe^l  with 
the  material  to  be  used  for   boiler  plate, 
rivets,  bridge  bars,  crank-shafts,  springs,  etc. ; 
and  a  careful  study  of  the  records  of  these 
tests  and  observations  enables  us  to  use  steel 
with  much  more  satisfactory  results  than 
would  otherwise  be  possible.    The  old  preju- 
dice against  the  new  material,  which  was  the 
result  of  an  unfortunate  choice  of  the  grade, 
due  in  some  cases  to  a  mistaken  idea  as  to 
what  properties  were  desirable,  but  more 
often  to  complete  ignorance  of  the  wonderful 
range  and  conflicting  nature  of  the  proper- 
ties that  were  all  covered  by  the  very  indefi- 
nite name  of  steel,  is  now  &8t  disappearing. 

The  most  satisfactory  method  that  has  yet 
been  devised  for  studying  the  physical  prop- 
erties of  steel  for  structural  purposes  and 
machinery  is  that  in  which  the  effects  on  a 
convenient  specimen,  of  loads  which  are  grad- 
ually increased  until  the  specimen  finally 
breaks,  are  carefully  determined.  The  sim- 
plest method  of  making  such  a  test  is  to 
load  the  specimen  with  known  weights  and 
observe  the  effects  produced  as  the  load,  is 
gradually  increased.    This  method,  however 
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u  too  alow  and  cnmberBome  to 
cially  practicable ;  the  loads  demanded  for 
even  the  sunpleet  commercial  testa  are  sel- 
dom lees  than  50,000  pounds,  and  loads  of 
100,000  and  200,000  pounds  are  common. 
The  direct  application  of  weights  is  therefore 
impracticable  in  most  cases,  and  various 
machines  have  been  devised  by  means  of 
which  any  load  between  the  amalleA  that 
will  perceptibly  affect  the  apecimen  and  one 
sufficiently  large  to  break  it  may  be  quickly 
and  easily  applied  and  accarately  weighed. 


Two  general  claaees  of  theae  machinee  have 
been  need.  In  the  first,  the  specimen  is 
loaded  hy  means  of  a  hydrostatic  press  ;  in 
the  Benrnd,  a  screw,  generally  in  combina- 
tion with  a  train  of  gearing,  is  used.  In  each 
of  th«se  claaaea  the  load  ia  applied  to  the 
■pecimen  in  sQch  a  way  that  it  acta  through 
aotne  simple  form  of  weighing  machine  that 
enables  the  operator  to  see  at  once  just  what 
force  ie  being  applied. 

Vi'Hh  the  exception  of  the  Emery  testing 
mMbine,  which  ie  the  most  ingenious  and 
•ocoTBie  device  for  weighing  heavy  loads 
that  has  yet  been  invented,  machines  of  the 
former  cUss  are  now  but  little  used  ;  they 
h»Te  a  number  of  disadvantages,  among 


which  are  the  difficulty  of  keeping  the  preae 
filled  with  a  suitable  liquid,  the  difficulty  in 
keeping  the  packing  (if  the  plungers  in  good 
order,  and  the  intermittent  manner  in  which 
the  load  la  applied,  by  means  of  the  strokes 
of  the  pump. 

The  general  features  of  the  type  of  screw 
m&chine  now  most  commonly  used  in  this 
country  for  making  teats  of  iron  and  steel 
are  ahown  in  Figs.  1  and  2.    Either  of  these 
machines  may  be  readily  used  for  subject- 
ing a  suitable  specimen  to  any  one  of  three 
types  of  streases, direct  tension, 
direct  compression,  and  trana- 
verse,  or  bending,  and  the  load 
in  each  case  can  be  accurately 


Fig.  1  is  a  machine  built  by 
Tinios  Olseu,  and  that  shown 
in  Fig.  2  is  made  by  Riehl6 
Bros.    The  general  principles 
are  the  same  in  each,  and  their 
'  operation  will  be  readily 
understood  from  the  following 
deecription  :  A  head  a  may  be 
moved  vertically  by  means  of 
the  screws  b,  of  which  there 
are  four  in  the  Olsen  and  two 
in  the  Riehlg  machine.    The 
screws   receive   their   motion 
from  any  convenient  source  of 
power,  through  belts  on  the 
pulleys  p,p;  these  poUeys  are 
loose  on  their  shafts,  and  a 
crossed  belt  on  one  and  an 
open  belt  on  the  other  gives 
them  rotation  in  opposite 
directions.  The  lever  f  operates 
fiiction  clutches  that  connect 
either  pulley  with  its  shaft, 
the  motion  being  transmitted 
through  the  gearing  to  the 
screws  so  as  to  ruse  or  lower 
the  head  a.     By  means  of  the  lever  n  and 
the  hand  wheel  o,  different  combinations 
of  the  gearing  can  be   effected    so  as   to 
give  different  speeds  to  the  head  a  for  dif- 
ferent classes  of  tests.    The  head  h  is  sup- 
ported by  the  columns  c,<!,  which  stand  on 
the  platform  m  of  a  lai^e  scale  whose  weigh- 
ing beam  is  shown  at  d.    This  t>eam  carries 
a  poise  e  that  moveij  on  rollers  along  the 
beam  ;  a  hand  wheel  w  operates  a  screw  or 
chain  that  lies  along  the  lop  of  the  beam  and 
moves  the  poiwe  without  disturbing  its  effect 
on  the  beam,  thus  enabling  the  operator  to 
move  the  poise  slowly  out  along  the  beam  as 
the  load  increases,  and  see  at  all  timen  just 
what  load  Ik  being  applied.    In  >K>me  cases 
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the  poise  is  moved  autoiiuttically  by  nle&iiH 
of  gearing  tbat  ix  set  in  operation  by  elec- 
trical conn«ctioi]H  formed  by  the  beam  &»  it 
rises  or  falls. 

To  make  a  teoBile  t«8t,  the  specimen  h 
held  between  two  pairs  of  Jaws,  one  in  each 
of  the  heads  a  and  h,  tm  shown  at  t  in  Fig.  2. 
As  the  head  a  is  drawn  down  by  the  ecrewe, 
the  pull  on  the  specioaen  is  transmitted  to 
the  bead  h  and  thus  to  the  platform  of  the 
weighing  scales. 

For  a  compression  test  the  specimen  rests 
on  the  platform  m  and  the  load  is  applied  by 
drawing  the  head  a  down  upon  it, 

A  transverse,  i>r  bending,  test  is  made  by 


made.  Upon  the  refultu  of  this  test  the 
makers  base  the  treatment  of  the  steel 
during  later  operations  in  the  mill  and  for^^. 
Considerable  care  ia  taken  to  secure  an 
average  specimen  of  the  steel  from  the  heat, 
and  to  carry  out  the  operations  of  heating, 
forging,  rolling,  and  final  cooling  in  such  a 
manner  as  to  insure  results  that  are  an 
nearly  uniform  as  poesible,  apparently  slight 
and  unimportant  differences  in  the  methods 
of  preparing  these  specimens  often  produ- 
cing results  that  are  very  mieleadiog.  For 
example,  if  the  specimen  is  rolled  when 
the  steel  is  very  hot,  it  is  much  weaker, 
softer,  and  more  ductile  than  would  have 
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placing  the  specimen  on  two  supports  carried 
by  «  heavy  frame  that  rests  on  the  platform 
of  the  scales ;  the  load  is  applied  by  means 
of  a  projection  on  the  under  side  of  the  head 
a,  which  presses  on  the  center  of  the  speci- 
men as  the  head  is  drawn  down. 

Although  three  machines  may  be  readily 
used  for  testing  apecirnens  under  compres- 
sive and  bending  stresses  and  are  often  so 
used  in  experimental  and  scientific  work, 
experience  shows  that  tlie  tensile  test  j^ives 
the  simplest  and  most  reliable  means  of 
determining  those  properties  that  interest 
the  engineer. 

There  are  two  tensile  tests  to  which  a  heat 
of  sleel  is  uHually  subjected  at  the  mills. 
The  first,  commonly  called  the  heat  test,  is 
made  on  a  specimen  that  is  prepared  in  such 
a  manner  as  to  show,  as  clearly  as  possible, 
the  general  prnperties  of  the  steel  and  it? 
fitness  for  the    purpose    for   which    it   was 


f  the  work  upon  It  had  been 
ard  normal  temperature  ;  on 
,  working  the  steel  at  a  tem- 
perature below  the  standard  makes  the  speci- 
men stronger  and  harder,  but  more  brittle. 

The  usual  dimensions  of  these  standard 
lest  bars  are  J  inch  in  diameter  and  aboat 
20  inches  long.  Before  the  test,  the  diame- 
ter is  measured  by  a  micrometer  caliper  to 
the  nearest  j^i/gg  inch,  and,  by  light  scribe  or 
center-punch  marks,  a  length  of  abont  12 
inches  near  the  middle  is  divided  into  apacee 
1  inch  long ;  from  these  measurements  and 
marks  the  area  of  the  section  of  tbe  spieci- 
men  is  calculated  and  the  amount  of  stretch 
under  the  action  of  the  load  is  measured. 

In  the  testing  machine  the  behavior  of  the 
different  grades  of  steel,  as  the  load  is  grad- 
ually increased,  varies  greatly  and  forms  a 
valuable  index  to  (he  character  of  the  mate- 
rial. High  ciirbon  steels,  such  as  are  used  in 
the  manufacture  of  springs,  stretch  bat  little; 
the  movement  of  tbe  poise  shows  a  steady 
and  comparatively  unifinm  increase  in  the 
load  from  the  beginning  of  the  test  until 
the  specimen  linally  breaics,  abont  the  only 
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visible  change  in  the  appearance  of  the  speci- 
men, before  the  break  occurs,  being  a  sudden 
loosening  of  the  scale  under  a  load  about 
half  as  great  as  that  under  which  it  breaks. 
With  the  softer  steels,  however,  the  action 
is  very  differen  t.  The  load ,  during  the  begin- 
ning of  the  test  increases  at  a  nearly  uniform 
rate,  while  the  specimen,  as  before,  stretches 
very  little ;  but  this  period  is  much  shorter 
than  it  was  with  the  hard  steel — a  point  is 
soon  reached  where  the  scale  begins  to  loosen 
rapidly,  and  the  specimen  seems  to  undei^ 
a  wonderful  change  and  to  take  on  properties 
qnite  different  firom  those  we  generally  ascribe 
to  steel. .  It  now  stretches  rapidly  for  a  few 
seconds  with  no  increase  in  the  load  indi- 


cated by  the  poise,  and  seems  to  be  on  the 
verge  of  failing  entirely.  After  a  few  sec- 
onds, however,  it  apparently  recovers  its 
strength  to  a  certain  degree,  and  the  load 
gradually  increases  as  the  specimen  is  pulled, 
until  a  maximum  is  finally  reached,  which  is 
the  greatest  load  the  specimen  will  carry. 
Unlike  the  hard  steel,  however,  it  does  not 
break  when  the  maximum  load  is  reached, 
but  continues  to  stretch  under  a  decreasing 
load.  During  this  period  there  is  a  great 
reduction  in  the  sectional  area  of  the  speci- 
men at  a  point  generally  about  half  w^ay 
between  the  grips,  as  shown  in  Fig.  3,  the 
area  at  the  point  of  fracture  being  much  less 
than  the  original  area  of  the  bar. 


( 7b  be  Continued.) 
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Shallow  Reasoning  in  the  Shops  ;   the  Same  Thing  Is  Met  Wfth  in  Higher  Places 
Also— Evils  op  "Small  Tubes  and  Plenty  op  'Em** — A  Case  in  Point. 


THERE  is,  in  the  engineering  trade,  a 
class  of  people  that  rejoice  in  calling 
themselves  "practical  men,**  and  that 
are  always  on  the  lookout  for  holes  and  weak 
places  in  the  armor  of  certain  others  whom 
they  stigmatize  as  "theoretical  men.'*  We 
will  not  now  pause  to  inquire,  as  Macaulay 
would  say,  what  special  attributes  the  first- 
named  men  lay  claim  to  when  they  dub 
themselves  "practical,**  though  we  hare  seen 
it  stated  (on  the  authority  of  the  London 
'^Engineer**)  that  the  practical  man  is  for 
the  most  part  simply  a  reproducer  of  other 
peoples*  blunders.  Anyway,  one  of  these 
men  tackled  the  writer  in  his  early  appren- 
tice days  with  a  problem  that  was  evidently 
relied  upon  to  be  a  "  floorer,**  and  to  knock 
the  stuffing  out  of  theory  once  for  all.  In 
this,  it  may  be  remarked,  the  writer  simply 
shared  the  ordeal  of  every  apprentice  that 
was  passed  through  this  man*s  hands ;  any 
one  that  had  the  audacity  to  be  able  tg  figure 
out  the  strength  of  a  f-inch  bolt,  he  immedi- 
ately classed  as  a  "theory  man**;  nor  was 
this  fellow  by  any  means  a  solitary  specimen 
of  the  middle-aged  British  workman  of  those 
^ys.  Well,  one  meal  hour  he  assumed  a 
didactic  air  and  spake  thus  :  "If  one  man 
can  build  a  certain  wall  in  a  day,  two  men 
working  at  the  same  rate  will  do  it  in  half  a 
day,  won*t  they?** 


I  assented  to  this  remarkable  proposition. 

"And  twenty-four  will  do  it  in  an  hour?  ** 

I  offered  no  objection. 

"And  forty -eight  in  half  an  hour,  and 
ninety-six  in  a  quarter  of  an  hour,  and 
fourteen  hundred  and  forty  in  a  minute?** 

Here  he  paused  and  looked  around  tri- 
umphantly at  hi|  supporters. 

"  Well,**  I  saiJ,  "  what  about  it?** 

"What  abart  it?  (He  was  a  cockney.) 
Is  there  any  sense  in  it?  Doesn*t  it  show 
that  mathematics  is  all  wrong  ?  You  bloom- 
in*  raw  apprentices  fresh  from  school  thinks 
yer  knows  it  all,  but  yer  don*t,  not  by  along 
chalk.  Talk  ter  me  o*  the  hinfallerbility  o* 
figgers !  Could  a  thouFand  men  put  that 
there  wall  up  in  a  minute?  Why,  they 
couldn*t  bloomin*  well  get  near  it.** 

Of  course,  any  defense  of  the  above  argu- 
ment is  unnecessary  in  an  enlightened  com- 
munity, but  let  us  not  too  severely  condemn 
that  man.  A  very  similar  line  of  reasoning 
is  often  unconsciously  adopted  by  engineers 
of  a  higher  grade,  aye,  and  by  good  ones,  loo, 
of  all  men.  They  get  hold  of  an  idea  that  is 
right  enough  in  itself,  and  then,  in  carrying 
it  out,  make  the  mistake  of  "  overdoing  it." 
We  append  an  instance  that  occurs  to  us 
now,  and  doubtless  many  of  our  readers  will, 
on  their  minds  being  thus  jogged,  call  up 
other  and  similar  cases. 
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The  mieUke  has  b«en  made,  before  todajr, 
of  oeing  too  small  tabeein  locomotive  boilers. 
The  shallow,  unthinking  argnment  of  the 
offenders  in  this  direction  ia  doubtless  Bome- 
whatthus:  "What  we  wont  is  steam.  To 
get  it  we  must  have  heating  snrface.  Now, 
tubft  give  ua  heating  sur&ce ;  ergo,  the  more 
of  them  we  have  the  better." 

This  is  e.  glaring  case  of  overdoing  it.  Up 
to  a  certain  point  the  ailment  ia  all  right. 
Thus,  suppose  we  atajrt  out  with  one  tube,  as 
in  Fig.  I  (Stephenson's  locomotive  of  1S14 
had  one  20-inch  flue  in  Bit4-incb  barrel);  we 
shall  get  a  certain  amount  of  beating  surface, 
namely,  the  internal  surface  «  ;  but  think  of 
the  waste  of  heat !  Only  the  layer  of  hot  gas 
near  the  inner  surface  of  the  tube  will  give 
up  an;  large  proportion  of  its  caloric;  all  the 
inner  body,  or  core,  of  heated  gas  will  pass 
through  and  out  at  the  other  end  without 


fond  hope  that  he  was  thus  usefully  increas- 
ing the  beating  surface.  It  was  like  this: 
A  demand  had  arisen  for  more  powerful 
engines  to  ran  a  certain  very  heavy  fast 
train.  The  company  disdained  to  use  a 
pilot  to  get  a  good  start,  so  the  difficulty  liad 
to  be  gotten  over  in  some  Other  way.  The 
superintendent  built  an  engine  that  was 
altogether  heavier  than  thoee  previously  in 
use,  and  put  in  lai^ier  cylinders.  He  bad  the 
good  sense  to  know,  however,  that  lai^  cyl- 
inders and  great  adhesive  (onx  are  of  little 
use  unless  the  former  can  be  provided  with  a 
plentiful  supply  of  steam.  80  he  went  in  far 
a  good  tibial  beating  surface.  He  got  all 
the  surface  he  could  in  the  firebox,  which, 
however,  he  could  not  make  more  than  about 
6  feet  long  inside,  as  it  had  to  go  in  between 
the  middle  and  the  rear  axles.  The  engine 
being  inside-connected,  there  was  the  back 
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coming  in  contact  with  the  tube,  and,  there- 
fore, without  getting  a  chance  to  give  up  its 
heat.  The  first  step,  then,  is  to  lessen  this 
core  of  unutilized  gases,  which  can  best  be 
done  by  reducing  the  diameter  of  the  tube 
and  putting  in  several  of  them,  say 
five,  as  in  Fig.  2.  From  this  to  the 
multitubular  boiler  as  we  now  have  it, 
was  clear  running,  gradually  redudng 
the  diameter  of  the  tubes  and  adding 
to  their  number,  thus  reducing  the 
total  volume  of  wasted  hot  gases  and 
increasing  the  efficiency  of  the  boiler. 
Stephenson's  "  Rocket "  of  1M29  had  twenty- 
five  3-inch  tubes  in  a  40-inch  barrel ;  this 
and  the  turning  of  the  exhaust  into  the 
chimney  were  regarded  as  mainly  responsible 
for  the  success  of  his  engine,  and  constituted 
perhaps  the  greatest  advance  ever  made  in 
locomotive  design.  Fig.  3  shows  how  we 
pack  tubes  in  nowadays. 

Up  to  a  certain  point,  it  is  all  right  to  thus 
decrease  the  diameter  and  increase  the  num- 
ber of  tubes  ;  but  it  is  possible  to  go  too  far, 
and  then  it  shows  had  reasoning.  We  will 
instance  a  case  ;  The  locomotive  su peri n Un- 
dent under  whom  the  writer  serveii  his  time, 
began  at  a  certain  period  of  his  career  to 
cram  the  boilers  full  of  small  tubes,  in  the 


o 


2.  Fio. ». 

end  of  the  main  rod  that  had  t«  clear  the 
stay  in  the  front  of  the  firebox  ;  this  stay  was 
i  inch  thick  and  itself  had  to  clear  the  outer 
shell  of  the  firebox — ^the  staybolt  heads  at 
that ;  thns,  the  box  was  a  good  deal  shorter 
than  it  would  have  been  with  an  out- 
side-connected engine.  It  was  neces- 
sary to  keep  down  the  total  length  of 
the  engine — not  to  avoid  a  too  long 
side  rod,  for  the  engine  was  front- 
coupled,  but  to  keep  down  the  total 
wheel  base,  which  was  rigid  through- 
out, no  truck  being  used.  Of  course,  the 
box  could  have  been  lifted  up  above  the 
rear  axle,  but  that  would  have  perched  the 
boiler  (ai  higher  than  the  old-fashioned  ideas 
then  in  vogue  would  have  allowed  ;  they 
believeil,  in  those  days,  that  a  top-heavy 
engine  was  unsafe. 

The  only  way  out  of  it  was  to  get  more 
heating  surface  in  the  tubes,  and  this  meant 
more  tubes,  and  therefore  a  bigger  barrel. 
But  a  bigger  barrel  was  not  permiaaible, 
because  then  the  boiler  would  have  to  set 
higher  in  order  to  get  it  between  the  wheels. 
The  only  alternative  was  to  use  smaller 
tubes  and  to  put  them  closer  together,  and 
the  superintendent  did  both  ;  be  cat  down 
the  diameter  from  IJ  incheflto  1}  inches  and 
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sqaeezed  in  an  extra  hundred  of  them,  the 
final  result  being  333  tubes  of  H-inch  diam- 
eter ;  and  he  made  them  of  steel  instead  of 
brass,  so  as  to  save  space  by  using  thinner 
metal.  He  thus  obtained — on  paper,  at  any 
rate — an  additional  300  square  feet  of  heat- 
ing surface.  But  it  availed  him  nothing,  and 
the  following  arguments  will  show  why : 
The  engine  had  more  heating  surface  all 
right  enough,  but 

1 .  The  tubes,  being  so  small,  soon  choked 
np ;  the  more  especiaHy  as  the  engines  were 
using  soft  coal  and  had  no  draft  appliances. 

2.  The  tubes  being  packed  so  closely 
together — there  was  only  about  |-inch  space 
between  them — ^made  it  harder  for  the  steam 
to  rise  to  the  surface  and  for  the  water  to 
circulate  properly. 

3.  The  tubes  scaled  up  badly,  which 
made  matters  still  worse.  This  particular 
road  had  to  use  water  containing  a  great  deal 
of  lime,  for  the  district  wherein  it  operated 
''  stood  on  the  chalk,"  which  phrase  refers  to 
its  being  on  the  900-foot  bed  of  chalk  that 
runs  diagonally  across  England,  from  the 
southeast  coast  up  into  Yorkshire — the  same 
that  gives  England  the  ''  chalk- white  cliffs  of 
Dover  "  that  some  poet  who  never  had  boil- 
ers to  look  after  sang  about  As  a  result, 
the  tubes  soon  had  about  ^  inch  of  scale  on 
them,  and  then  there  was  precious  little 
water  or  steam  space  left,  and,  of  course,  the 
few  lowest  rows  were  soon  scaled  up  solid. 

The  first  thing  that  a  fireman  did  at  the 
end  of  a  run,  even  if  only  50  miles,  was  to 
rush  aroimd  to  the  front  end  and  sweep  out 
as  many  of  the  333  tubes  that  a  wise  and 
foreseeing  superintendent  had  provided  for 
his  delectation  and  delight  as  the  time  at  his 
disposal  would  allow. 

In  due  time,  however,  the  superintendent 
died  and  a  man  from  another  road  reigned  in 
his  stead,  and  there  was  an  early  return  to 
li-inch  tubes  properly  spaced. 

We  may  regard  the  foregoing,  then,  as  one 
instance  of  "  overdoing  it." 

One  of  the  best  features  we  have  seen  in 
the  construction  of  American  locomotives  is 
the  large-sized  tubes  that  are  used.  But, 
while  we  regard  a  2-inch  tube  as  a  good  thing 
in  general,  stiU  there  can  be  little  objec- 
tion to  the  l}-inch  tubes,  provided  the  draft 
appliances  are  properly  adjusted  so  as  to 
militate  equally  against  any  of  them  get- 
ting choked  up.  In  fact,  we  think  it  is  the 
dose  packing  of  the  smaller  tubes,  rather  than 
the  small  diameter  of  the  tubes  themselves, 
that  causes  the  trouble.  The  point  is  this  : 
whereas,  to  impart  the  generated  heat  to  the 


water,  heated  metal  surface  is  the  desider- 
atum ;  still  we  must  make  sure  that  a  large 
body  of  water  surrounds  each  portion  of  the 
metal,  and  also  that  there  is  good  circula- 
tion, so  that  not  only  may  the  bteam  readily 
leave  the  surface  of  the  metal  upon  which  it 
is  formed,  and  rise  into  the  steam  space,  but 
also  that  its  place  may  be  speedily  taken  by 
cooler  water.  If  the  tubes  are  packed  too 
closely,  these  aims  are  thwarted,  and  if  the 
water  is  bad,  some  of  the  space  it  should 
occupy  is  soon  appropriated  by  scale,  and  so 
things  are  made  worse,  and,  as  the  lower 
spaces  fill  up,  the  circulation  is  still  further 
impaired. 

Another  item,  which  again  shows  lack  of 
thought,  is  carrying  the  rows  of  tubes  too 
low.  Although  all  surfaces  get  their  share 
of  the  lime  and  sediment  in  the  water,  yet 
the  greater  part  of  this  sediment  settles  to 
the  bottom,  so  that  in  a  short  time  the  two 
or  three  lowest  rows  are  completely  covered 
and  rendered  useless  for  heating  purposes, 
when,  being  cut  o£f  from  the  water,  they 
burn  out.  Besides,  it  is  better  for  cleaning 
out  purposes  to  omit  them- 

We  have  been  saying  that  up  to  a  certain 
point,  the  smaller  the  tubes  the  better, 
because  the  smaller  the  columns  into  which 
the  hot  gases  are  divided,  and  therefore  the 
smaller  the  internal  cores  of  untouched  heat 
become.  In  Europe,  they  have  gotten  over 
this  difficulty  in  a  rather  neat  way,  by 
making  the  tubes  ribbed,  as  in  Fig.  4.  The 
ribs  dip  into  the  central  core  of  hot  gas  and 
take  up  the  heat  in  a  very  efiective  manner. 
They  are  necessarily  a  little  more  diflicult  to 
keep  clean,  but  this  has  been  gotten  over. 
These  tubes  are  also,  we  believe,  made  with 
a  slight  twist  in  them,  to  prevent  the  hot 
gas  from  passing  clear  through  in  a  straight 
line  ;  this  would  seem  to  give  every  particle 
a  better  chance  of  coming  in  contact  with 
the  cool  metal. 

We  may  remark  that  we  have  shown  the 
tubes  as  in  Fig.  3  in  deference  to  general 
practice,  though  our  personal  preference 
inclines  to  another  arrangement,  which  will 
be  discussed  in  a  future  article  dealing  with 
the  general  question  of  tubes.  The  arrange- 
ment we  allude  to  may  be  described  in  words 
thus :  Take  any  tube  as  center  and  describe 
a  circle  with  a  diameter  equal  to  the  outside 
diameter  of  tube  plus  the  clearance  between 
them.  Then  divide  this  circle  into  6  equal 
parts,  setting  a  tube  on  each  division  point 
as  before,  but  placing  three  tubes  on  the 
horizontal  diameter  instead  of  on  the  ver- 
tical one,  as  in  Fig.  3. 


{To  be  CoTiHnued.) 
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SO  FAR,  we  liave  cnnsideivtl  only  one  way 
of  overcoming  eliding  friction,  nunety, 
by  an  equal  and  oppoeite  force  prodncing 
direct  alidingof  one  budy  over  another.  But 
in  machines  it  is  comparatively  aeldom  that 
one  part  elides  bodily  over  another ;  it  te  far 
more  common  for  one  part  to  roMe  in 
another,  an,  for  inatanct 
drical  bearing,  a  sirew  i 
a  pivot  bearing.    The  sai 


ever,  hold  good  in  every 
apply  them  in- 
telligently it  ie 


tional  rceiatance 


a  shaft  in  a  cylln- 
ut,  a  Hpindle  in 
nplelawB,  how- 
but  in  order  to 


^la    L|-^-o.. ,mnit^^Jr    j 


Thus,  if  the  r< 


pounds,  and  it 
throagh  a  distance  of  10  feet 
60  foot-pounds  of  work 
done;  and  it make« no  differ 
ence  whether,   to   overcome 
the  restatance,  a  leverage 
1,000,  or  a  leverage  of  10, 
no  leverage  at  all,  ie  used 
thf  mark  done  u  thr  mme. 

In  Fig.  8  there  are  indicated 
three  different  ways  of  rotating 
the  short  cylindrical  shaft  a  \n 
the  bearing  6 ;  euppoeing  the 
weight  of  the  shaft  to  be  10 
pounds,  \\M  ciruu inference  1  foot 
and  the  coefficient  of  friction 
,10,  then  the  work  done  during 
one  revolution  of  the  shaft  no 
matter  which  of  the  three  ways  of  rotating 
it  iB  used,  is  10  X  - 10  X  1  =  1  foot  pound 
Of  course,  it  is  very  much  taa.er  to  rotite  the 
shaft  by  meane  of  the  long  handle  than  bv 
the  two  projecting  pins,  just  ax  it  is  easier  for 
a  man  to  lifla  10-pound  weight  100  fet^t  than 
to  lift  a  1,000-pound  weight  1  foot— but  the 
actual  work  done  is  the  same ;  in  one  case 
we  have  a  Hmalt  force  acting  through  a  long 
distance,  and  in  the  other   s   much   larger 


force  acting  through  a  short  dislance,  the 
work  done  in  the  two  .cases,  however,  being 
identical. 

And  now,  as  a  practical  test  of  the  second 
law,  suppose  we  double  the  area  of  the  bear- 
ing in  F^g.  8.     There  are  evidently  two  ways 
of  doing  this :  by  doubling  its  length,  ob  in 
Fig.  0,  and  by  doubling  ita  diameter  (aod 
with  it  the  diameter  of  the  shaft),  as  in 
Fig.  10.     Taking  the  longer  bearing  firet,  we 
know  that  the  frictional  rftitlatux  is  the  same 
as  before,  be- 
cause friction  is 
independent   of 
s  the  areas  of  the 
surfaces  in  con- 
tact :   and  it  is 
evidentthat  the 
^  mork  done   dur- 
ing one  revolu- 
tion is  also  the 
same  as  before, 
because,  the  diameter  being 


the 


,   the 


through  which  the  resist- 
ance ii  overcome  is  the  same. 
So  far  then,  we  find  nothing 
that  conflicts  with  the 
proven  laws.  But  with  the 
bearing  and  shaft  of  larger 
diameter,  though  weknow  again 
that  the  frictional  reeistance  is 
unchanged  (assuming  theweight 
ofthesliafttobestilllOpounde), 
we  find  that,  during,  a  revolu- 
tion this  resistance  is  overcome 
through  double  the  diatajice, 
and  that  therefore,  double  the 
amount  of  work  is  done. 
Now  the  efficiency  of  a 
machine  depends  not  upon  the  Mctional 
re'iiiancc  within  it  but  upon  the  amount 
of  V  irk  done  in  oxercoming  the  resiatanoee  ; 
so  that  where  increasing  the  areas  of  two. 
sliding  surfaies  also  increases  the  dist&nce 
they  have  to  slide,  the  efficiency  of  the 
machine  is  reduced,  becanseauch  an  increase 
of  area,  though  it  leaves  the  resistance 
unchanged,  adds  to  the  wasteful  work  done. 
Although,  therefore,  it  is  tnie  that  frictional    ' 
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s  independent  of  the  areas  of  the 
(urfecea  in  contact,  it  is  not  true  that  fric- 
tiooa]  work  is  eimilarly  independent 

It  is  precisely  the  Boiue  with  a  vertical 
ghalt  in  a  footstep  l>earing,  as  in  Fig.  II, 
though  it  is  not  aa  evident,  on  the  face  of  it, 
how  to  determine  the  actual  amount  of  work 
done  during  a  revolution,  t)ecaaee  the  die- 
tance  through  which  the  resietauce  has  to  be 
overcome  varies  from  zero  at  the  center  of 
the  bearing,  to  a  masimuin  at  the  outer  edge  ; 
thue,  if  the  shaft  were  pointed,  as  at  (a), 
Fig.  12,  the  wortc  done  during  a  revolution 
would  be  zero,  because  the  distance  through 
which  the  resistance  is  overcome  is  zero,  and 
resistance  multiplied  by  0  =  0  =  work  done 


— and,  therefore,  a  spinning  top— possesses 
kinetic  energy,  or  aCored-up  worb,  as  it  is 
sometimes  called.     This  enei^y,  the  spin- 
ning top  gradually  spends  in  overcoming  the 
frictional  resistance  between  itself  and  the 
surface  upon  which  it  is  spinning.    (We  pur- 
posely leave  the  air  friction  out  of  considera- 
tion, because  the  degree  of  sharpness  of  the 
peg   makes  no  appreciable  change  in  it. ) 
Now,  it  will  at  once  be  seen  that  the  greater 
the  diameter  of  the  peg  the  greater  the  dis- 
tance  per   revolution    through    which   the 
resistance  must  be  overcome,  and,  therefore, 
the    more    work   spent   by    the    top.     The 
case  is  exactly  analogous  to  that  of  the  shaft 
in  the  footstep  bearing;  if  the  diameter  of 
(6)  the      the  peg  is  doubled,  the  top  will  spin  just  half 
as  long,  because  during  each  rev- 
olution it  has  to  do  just  twice  as 
much  work;  and  if  the  diameter 
of  the  peg  is  reduced  one-half, 
the  top  will  spin  just  twice  as 
long,  because  during  each  revolu- 
tion it  has  to  do  only  half  as 
much  work. 

If,   now,  we  pause  for  a  few 
moments  and  review  what  has 
thus  far  been  said,  we  And  that 
11  we  have  proved  that : 

1.  Frictional  resistance  varies 
directly  as  the  pressure 
between  the  surfaces 
in  contact. 

2.  Frictional  resist- 
ance is  independent  of 
the  areas  of  the  sur- 
faces in  contact. 

3.  The  resistance 
due  to  each  pair  of 
surfaces  in  contact 

_  must    be   considered 

y.^  separately. 

4.  It  is  necessary  to 
distinguish  clearly  between  frictional  raiet- 
ance  and  frictional  twrit,  because  the  work 
varies  with  the  distance  through  which  the 
resistance  has  to  be  overcome. 

And  this  is  enough  to  enable  us  to  solve  any 

simple  problem  concerning  the  eRiciency  of 

a  machine. 

Returning,  therefore,  to  the  winch  of  Fig.  1 

.■,j.i,     .1.  i_  J        .  oAo.o       -„,    .       (see  April  number), and  assuming  that  the 

and  thus  the  work  done  18      ..,      —  i).9foot-  j     •     n   .  i     -l         ■       c  j 

12  ■■•■'""'■       reader  laable  to  resolve  the  various  forces  and 

pounds.  thus  determine  the  pressures  between   the 

This  reminds  us  of  the  good  old  tiueslion :  several  pairs  of  surfaces  in  contact,  we  first 

"  If  it  is  true  that  friction  is  independent  of  determine  what  pressure  10  pounds  at  the 

Uw  areas  of  the  surfaces  in  contact,  why  does  crank -handle  produces  at  each  bearing.  Then, 

a  top  spin  longer  on  a  sharp  peg  than  on  a  takingeachshaft  separately,  and  ascertaining 

<"«illone?"     The  answer  is:  a  rotating  body  through  what  distance  its  resistance  has  to  be 


it  instead   it  were  cupped 
work  would  equal   the  frictional 
rieistance  multipbed  by  the  cir 
cumference  of  the  shaft     It  is 
evident    however   that  with  the 
Hat  bearing  of  Fig   11    the  pres- 
tnue  between  the  shaft  and   the 
bearing  and  therefore  the  resist 
ance    to    rotation    is  uniformly 
distributed  oter  the  surfaces  in 
contact     and    not   concentrated 
either  at  the   cent 
onter  edge     This 
for  the  sake  of 
figuring   we  ma^  con 
sider  the  pressure  as 
concentrated,  as  at  (e), 
Fig.  12,  at  a  circum- 
frrence  whose  length 
is  eiioal  to  the  axtrage 


through  by   the   end 
surface  of  the   shaft 

against  the   distrib- 
uted resistance.  ^„_,  (i 
This  average  dis-                                  p,q 
tance,    very   approsi- 

nialely,  is  the  circumference  of  the  circle 
whose  diameter  is  fi,  of  the  outside  diameter 
of  the  shaft;  if,  then,  for  example,  the  shaft 
it  4  inches  in  diameter  and  weigh?  100  pounds, 
andthecoeflicieotof  friction is.OS,  webavea 
reastance  of  100  X  -08  =  8  pounds,  which, 
daring  one  revolution,  is  overcome  through  a 
distance  of  4  X  i'»X3.1416  =  8.8    inches, 

—  i).9  foot- 
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overcome  in  one  revolution  of  the  crank,  we 
multiply  each  resistance  by  its  distance,  add 
together  the  amounts  thus  found,  and  thus 
obtain  the  total  work  done  in  overcoming 
frictional  resistances  within  the  winch.  (In 
the  following  general  solution,  all  attempt  at 
positive  figuring  is  purposely  avoided,  and 
the  sliding  friction  between  the  several  pairs 
of  gears,  as  well  as  the  rope  friction,  is 
neglected ;  in  actual  practice,  these  are,  of 
course,  taken  into  account ;  it  U  necessary, 
however,  to  omit  them  here,  for  the  sake  of 
clearness  and  simplicity.)  The  work  done 
at  the  crank  (in  other  words,  the  inpvi  of 


work)  is 


10X15X2X3.1416 


12 


-  =  78.54  foot- 


pounds ;  if,  from  this,  we  subtract  the  total 
frictional  work  (which  we  will  assume  was 
found  to  be  25.54  foot-pounds)  we  have  the 
useful  work,   or   oxUputy    namely,  53    foot- 
pounds.   Next,  taking  the  gear  ratio  of  150, 
we  ascertain  the  distance   through  which 
the  unknown 
weight  is  raised 
during  one  revo- 
lution  of  the 
crank;    thus, 
the  crank  moves 
through    3.1416 
times   2  feet  6 
inches,  or  7.854 
feet;   dividing 
this  by  150  gives 
the  distance 
through    which 


o 
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rotating  at  a  speed  of  750  revolutions  a 
minute.  At  -this  speed,  the  rotating  parts, 
which  weighed  in  all  over  500  pounds,  were 
possessed  of  considerable  stored-up  energy 
that  it  was  necessary  quickly,  yet  without 
shock,  to  absorb  ;  it  was  for  this  reason  that 
the  worm  was  left  free  to  move  lengthwise, 
against  the  two  helical  springs,  so  that  the 
rotating  parts  might  spend  their  stored-up 
energy  in  overcoming  frictional  resistances 
and  in  further  compressing  one  of  the 
springs.  In  the  diagram,  the  several  pairs 
of  surfaces  in  contact  are  indicated  by  heavy 
lines  numbered  1,  S,  3,  etc. ;  at  1  and  f  we 
have  cylindrical  bearings  for  the  armature 
shaft ;  at  S  and  ^,  cylindrical  bearings  for 
the  direct-coupled  driving  shaft ;  at  6  and  6^ 
end-thrust  brings  for  the  worm  ;  at  7,  the 
worm  in  direct  sliding  contact  with  the 
driving  shaft ;  and  at  8^  the  worm- thread  in 
sliding  contact  with  the  teeth  of  the  worm- 
wheel.    During  a  revolution  of  the  armature, 

each  of  these 
pairs  of  surfaces 
slides  a  certain 
distance,  against 
a  certain  resist- 
ance due  to  a 
certain  pressure 

^  *"* ^   and  a  certain 

coefficient  of 

friction,    all    of 

3  which  had  to  be 

Fig.  13.  carefully  figured 

before  it  was 


the  weight  is  raised,  namely,  .05236  of  a  foot. 
Remembering  that  the  output  of  work  is  53 
foot-pounds,  we  divide  it  by  this  distance 
.05236,  and  thus  get  the  weight  that  10  pounds 
at  the  crank-handle  will  lift,  namely,  1,012 
pounds. 

Fig.  13  is  a  diagranmiatic  representation  of 
a  driving  mechanism  for  an  electric  coal 
shovel  designed  by  the  writer  some  years 
ago,  which  illustrates  in  an  excellent  man- 
ner the  practical  application  of  the  laws 
under  consideration  ;  m  is  the  electric  motor, 
8  the  motor  shaft,  d  the  driving  shaft,  and  w 
a  worm  engaging  with  the  worm-wheel  g. 
The  worm  is  driven  by  a  feather  key  k,  which 
leaves  it  free  to  slide  lengthwise  in  either 
direction  whenever  the  end  thrust  upon  it 
exceeds  the  resistance  ofi*ered  by  either  of 
the  compressed  helical  springs  p.  The  dig- 
ging part  of  the  machine  was  so  designed 
that  when  the  shovel  either  closed  or  opened 
wide,  the  worm-wheel  instantly  stopped 
rotating  and  the  electric  current  was  cut  off, 
but  the  armature  and  other  parts  were  left 


possible  to  assert  that  using  a  spring  of  cer- 
tain dimensions,  the  armature  would  come 
to  rest  after  making  2\  revolutions,  which 
was  the  greatest  number  the  design  would 
permit. 

Before  concluding,  suppose  we  take  a 
simple  example  and  work  it  out  from  begin- 
ning to  end.  In  Fig.  14  we  have  a  diagram 
representing  a  means  of  raising  a  weight. 
Using  both  hands  on  the  double  crank,  what 
force  will  raise  5,000  pounds? 

The  sizes  of  the  parts  are  clearly  ^hown  on 
the  drawing,  and  the  several  pairs  of  surfaces 
in  sliding  contact  are  indicated,  as  before,  by 
heavy  lines.    At  1  and  2  we  have  direct  sli- 
ding contact  between  the  weight  and  the 
vertical  guides ;   at  S,  end  rotary  contact 
between  the  screw  and  the  weight ;  and  at  4y 
end  rotary  contact  between  the  screw  thread 
and  the  nut.     ( Note  that  we  say  screw  threati 
and  not  threads;  a  screw  thread  is  continu- 
ous, and,  therefore,  between  a  nut  and   a 
screw  there  is  but  one  pair  of  surfaces  in 
contact,  no  matter  how  many  threads  to  the 
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inch  the  screw  may  have  or  how  long  the 
nut  may  be.)  Now,  it  is  evident  that  the 
asefal  work  done,  or  output,  during  one 
revolution  of  the  crank,  is  equal  to  the  weight 
multiplied  by  the  vertical  distance  through 
which  it  is  raised,  or  5,000  X  .25  =  1,250 
inch-pounds.  Neglecting  friction,  the  force 
required  at  the  crank  is  1,250  divided  by  the 
circumference  of  the  crank-circle  in  inches,  or 

1  250 
^    -  ^  ---ya  —  about  13  pounds— 6.5  pounds 

at  each  handle.  We  shall  soon  see  that  in  a 
design  of  this  kind  friction  is  a  serious  item, 
and  that  it  greatly  reduces  the  eificiency  of 
the  machine,  which  under  the  above  condi- 
tions would  of  course  be  100  per  cent. 

In  order  to  ascertain  the  amount  of  work 
done  in  overcoming  the  friction al  resistances, 
we  have  first  to 
assume  a  coeffi- 
cient of  friction 
for  the  several 
pairs  of  surfaces 
in  contact;  here 
we  have  to  do  a 
little  guessing, 
making  U8e  of 
whatever  judg- 
ment we  may 
possess,  and  bas- 
ing our  guess  on 
past  experience, 
aided  by  the  vari- 
ous published 
tables  of  coeffi- 
cients. Suppose 
we  take  .08  as  the 
coefficient  for  all 
the  surfaces.  As 
already  pointed 
out,  there  are 
three  separate 
and  distinct  pairs  of  surfaces  in  contact,  1  and 
Jf  ( taken  as  one  pair ) ,  S,  and  4'  To  obtain  the 
resistance  due  to  each,  we  must  ascertain 
the  pressure  between  each  pair  and  multiply 
by  the  coefficient  .08.  Now,  the  pressure  at 
the  guides  is  due  to  the  resistance  to  rotation 
at  5,  80  we  must  first  find  out  what  this 
resistance  is.  The  pressure  at  3  is  5,000 
pounds,  and  the  resistance  is  therefore 
5,000  X  .08  =  400  pounds ;  this  may  be  con- 
sidered as  concentrated  at  a  circumference 
whose  diameter  is  ^  of  the  diameter  of  the 
end  of  the  screw,  or  2  inches,  as  shown, 
when  it  produces  at  the  guides,  which  are  12 

inches  apart,  a  pressure  of  ^    =  70  pounds, 
nearly,  which  produces  a  resistance  of  70 


JM 
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Fig.  14. 
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1     L 

X  .08  =  5.6,  say,  6  pounds.  Theoretically, 
this  6  pounds  should,  before  going  further, 
be  added  to  the  5,000  pounds  of  downward 
pressure;  but,  in  actual  practice,  to  do  so 
would  be  considered  a  rather  foolish  attempt 
at  impossible  exactness  (for  it  must  not  be 
forgotten  that  the  coefficient,  upon  which  all 
the  results  depend,  is,  and  can  only  be,  an 
approximation) ;  however,  as  this  is  an 
assumed  case,  and  we  wish  to  show  every 
effect  of  sliding  friction  on  the  efficiency  of 
the  machine,  we  will  take  it  into  account. 
In  overcoming  this  6  pounds  (which  it  will 
be  understood  is  divided  equally  between  the 
two  sides  of  the  guide)  the  amount  of  work 
done  during  one  revolution  is 

6  X  .  25  =  1 . 5  inch-pounds.        ( 1 ) 
At  3  we  now  have  a  resistance  due  to  a 

pressure  of  5,006 
pounds,  and 
therefore  equal 
to  5,006  X  .08  = 
400.5  pounds. 
This  resistance 
has  to  be  over- 
come, during  one 
revolution  of  the 
crank,  through  a 
distance  of  2  X 
3.1416  =  6.28  in.  ; 
the  work  done, 
therefore,  is 
400.5X6.28  = 
2,515  in.-lb.  (2) 
At  4,  that  is, 
between  the  un- 
der surface  of  the 
thread  of  the 
screw  and  the 
upper  surface  of 
the  thread  in  the 
nut,  there  is  the 
same  pressure,  and  therefore  the  same  resist- 
ance as  at  3,  namely  400.5  pounds  ;  but  the 
mean  diameter  of  the  thrust  surface  of  the 
screw  thread  being  2.5  inches,  this  resistance 
has  to  be  overcome  through  2.5  X  3.1416 
=  7.85  inches ;  the  work  done  at  4  during 
one  revolution,  therefore,  is 
400.5  X7.a5  =  3,144  inch-pounds.  (3) 
Adding  (1),  (2),  and  (3)  together,  we  get 
the  total  amount  of  work  done  in  overcoming 
frictional  resistances,  namely,  1.5  -|-  2,515  -f- 
3,144  =  5,660  inch-pounds  (neglecting  the 
odd  half-pound);  this  we  may  call  wasteful 
work,  and  by  adding  it  to  the  tiseful  work 
we  obtain  the  total  work,  namely,  5,660 -j- 
1,250  =  6,910  inch-pounds. 
Now,  this  total  work  done  is  necessarily 
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equal  to  the  total  input ;  but  we  k  now  that  the 
input  is  also  equal  to  the  force  at  the  crank 
multiplied  by  the  circumference  of  the  crank- 
drcle  in  inches,  which  is  30  X  3.1416  =  94.25 
inches  ;  therefore,  the  force  at  the  crank  is 

'.^^  =  73  pounds,  nearly,  or  36.5  pounds  at 

1*4.250 

each  handle. 

Compare  this  with   the   result   obtained 

when  we  neglected  friction  ;  instead  of  6.5 

pounds    at    each    handle,    we    have    36.5 

pounds,  30  pounds  of  which  is  wasted  in 

overcoming  frictional  resistances  within  the 

machine,  and  thus  the  efficiency  is  reduced 

1  250 
from  100  per  cent.  ^  /j'qio  ~  ^^  percent., 

nearly. 

To  increase  this  efficiency,  we  might  change 
the  design  to  that  shown  in  Fig.  15,  in  which 
the  screw  is  smaller  in  diameter  and  the 
end  thrust  bearing  at  ^  is  greatly  reduced. 
In  this  design,  the  frictional  work  done  at 
the  vertical  guides  1  and  ;?  is  so  small  that 
it  mav  be  left  out  of  consideration. 


The  work  done  at  S  is 
400  X  I  X  3.1416  =  471  inch-pounds.       (a) 

The  work  done  at  4  is 
400  X  }  X  3.1416  =  942  inch-pounds.       (6) 

Adding  (a)  and  (6)  together,  we  find  the 
total  amount  of  wasteful  work  done  to  be 
1,413  inch-pounds.  The  useful  output  is 
the  same  as  before,  namely,  1,250  inch- 
pounds  ;  and  1,250  -f- 1,413  =  2,663  =  total 
work  done,  and  also  tptal  input ;  the  effi- 
ciency of  the  machine  is,  therefore, 

1,250       ^.  ,  , 

2  g^  =  4/  per  cent.,  nearly. 

It  should  be  the  aim  of  the  mechanical 
engineer  to  make  the  efficiency  of  every 
machine  he  designs  as  high  as  possible,  with 
which  end  in  view  he  should  bear  in  mind 
what  the  above  example  proves,  and  what 
it  has  been  the  writer's  endeavor  to  demon- 
strate :  That  in  proportion  as  he  lessens  the 
distance  through  which  any  frictional  resis- 
tance has  to  be  overcome,  he  decreases  the 
wasteful  work  done  within  the  machine, 
and  therefore  increases  its  general  efficienc>'. 


TO  SPLICE  A  WIRE  ROPE. 

(  By  Permission  qA  **  Minef  and  MinercUs." ) 
W.  H.  Morris. 

A  Mbthod  by  Which  a  Wire  Hope  Can  be  Spliced  in  From  Twenty  to  Thirty  Minutes. 

Tools  Required,  and  Instructions  in  Detail. 


THE  writer  does  not  claim  anything  neces- 
sarily new  and  original  in  the  following 
method  of  splicing,  but  he  has  not  seen 
it  in  use  at  any  other  place.  It  has  resulted 
from  his  own  practice,  and,  after  trying 
many  methods,  this  one  has  been  adopted 
as  the  simplest,  most  rapid,  and  most  satis- 
factory one  for  use  with  the  tail-rope  and 
endless-rope  systems. 

The  only  tools  needed  are  a  cold  cutter 
and  hammer  for 
cutting  and 
trimming  the 
strands,  and 
two  "needles" 
12  inches  long. 
These  latter  are 
made  of  good  steel,  }  inch  thick  at  one  end, 
tapered  ovally  to  a  point,  and  having  a 
handle  riveted  on,  as  shown  in  Fig.  3. 

When  the  rope  is  cut  and  ready  for  splicing, 
unwind  three  strands  of  each  part  back 
15  feet,  keeping  them  together  and  not 
separating  them.     Now  cut  out  the  hemp 


center  to  the  point  j,  as  shown  in  Figs.  1,  2, 
and  3 ;  rewind  the  strands  for  7  feet  to  A , 
and  cut  off  three  of  them  from  each  end  of 
the  rope  at  ^,  H,  Fig.  1.  Then,  as  shown  in 
Fig.  1,  from  u^  to  ^  the  rope  is  without  a 
hemp  center.  Draw  the  two  ends  A  together, 
letting  B^  B  pass,  as  shown  in  Fig.  1 ;  uncoil 
the  strands  f,  d,  c.  Fig.  2,  keeping  them 
together,  and  follow  immediately  with  the 
long  strands  e^^  d',  c^,  holding  all  the  strands 

firmly  and 
keeping   them 
together  so  that 
the   three   lon^ 
strands  e\  d^,  c^ 
will   take    the 
place  of  the 
short  strands  e,  rf,  c ;  next,  do  the  same  ^with 
the  strands  /,  a,  6,  keeping  them  together 
as  before,  and  laying  them  in  the  places 
from  which  f^^a^h^  have  been  uncoiled. 
Take  about  two  turns  around  the  rope  with 
these ;  the  operator  will  then  find  that  the 
rope  is  united  and  round,   as  shown  at  }' 
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Fig.  'i.     Now  hike  the  sbort  strand  a',  Y\%. 
2 ;   unwind  it,   and    follow  with  the  long 


■tfiiirt  a,  malting  two  wraps  or  turns  around 
the  tope;  then  unwrap  the  short  strand  1/, 


and  follow  it  with  the  long  etrend  h, 
making  the  long  end  fit  in  the  place 
previously  occupied  by  th?  short  strand  of 
the  eame  letter  ;  do  the  same  with  /,  f,  d, 
and  c,  until  the  last  strand  reaches  x,  Figa.  1 
and  3,  at  the  two  ends  of  the  splice.  By 
following  these  directions  closely  it  will  be 
unnecessary  to  tie  the  strands,  es  each  strand' 
locks  the  other,  and  there  is  no  danger  of 
entanglement  if  care  be  taken  that  tiie 
strands  follow  one  another  In  their  natural 

'  .After  cutting  off  the  ends  of  each  strand 
the  rope  will  have  the  appearance  shown  in 
Fig.  3,  where,  if  the  ends  were  tucked  in,  f' 
would  butt  against  x,  e  agunst  </,  c  against 
d',  d  against  a',  etc.  The  neit  operation  is 
to  run  the  strands  into  the  middle  of  tl>e 
rope.  To  do  this,  push  the  needle  A ,  Fig.  3, 
through  the  rope  from  the  under  side, 
having  three  strands  in  front  of  the  needle 
and  two  at  the  back,  the  strand  ''  being 
back  of  the  needle.  Push  the  needle  B 
through  from  the  upper  side,  having  the 
strand  f  in  front  of  the  needle  ;  push  the 
needles  as  close  tc^etber  as  possible  with 
the  strand  e  twtween  them  ;  place  the  needle 
A  on  the  knee  and  hold  it  there  firmly,  then 
turn  the  needle  B  around  the  coil  of  the 
rope,  forcing  the  strand  e'  into  the  center  of 
the  rope.  Continue  simitarly  with  all  of  the 
strands,  and  should  any  of  them  seem  too 
full  tap  them  lightly  with  the  butt  end  of 
the  needle,  which  will  round  them  off  and 
fix  them  into  place.  All  of  the  strands 
should  meet  as  nearly  as  poeeible  in  the 
center,  as  they  take  the  phice  of  the  hemp 
center  and  this  will  keep  the  rope  round 
and  prevent  the  slipping  of  the  htranda. 

The  splice  as  thus  made  may  seem  at  first 
somewhat  rough,  but  a  little  use  of  the  rope 
will  overcome  all  irregularities.  I  would 
advise  a  banner  to  make  several  splicer  on 
rope  that  is  not  in  use.  I  am  sure  that,  if 
the  above  directions  are  followed,  after  a 
little  practice  any  man  can  make  such  a 
splice  in  thirty  minutes,  and  when  pushed  I 
have  frequently  had  a  splice  made  in  twenty 
minutes;  but  this  retiuires  two  men,  one 
coiling  and  uncoiling,  while  the  other  follows 
up  with  needles  and  cold  cutt*r.  To  do  this 
the  hemp  center  must  be  left  out,  as  shown 
in  Fig.  1. 

A  new  rope,  owing  to  the  wild  character 
of  the  strands,  roust  have  the  hemp  center 
left  in  ;  otherwise,  the  operation  is  the  same, 
excepting  that,  when  ready  to  run  in  the 
Strands,  the  needle  is  pushed  through  at  x. 
Fig.  3.  and  turned  so  that  its  broadside  will 
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be  at  right  angles  to  the  rope ;  cat  the  hemp 
center  and  pick  out  enough  of  the  center  by 
turning  the  needle  around  the  coil  of  the 
rope  to  let  in  the  strands  e^  and  e ;  put  in 
e^  and  €,  and  then  push  the  needle  through 
at  the  end  of  the  strand  f,  taking  out 
enough  of  the  hemp  center  to  put  in  the 
strands  </  and  c ;  continue  thus  until  all  the 
strands  have  been  entered.    With  a  new 


rope  it  will  take  1  hour  to  make  the  splice. 
As  to  the  strain  that  such  a  splice  will 
sustain,  we  haul  50  cars  per  trip,  giving  a 
total  of  about  142  tons.  This  trip  is  started 
on  a  grade  of  1  i  per  cent,  against  the  load  ; 
the  distance  from  the  power  house  to  the 
side  track  in  the  mines  is  13,000  feet,  and 
this  splice  will  run  from  six  months  to  a 
year,  hauling  daily  from  12  to  15  trips. 


alphabet;  and  the  art  of 

lettering. 


Chas.  J.  Allen. 


Early  Forms  of  the  Letters  That  Constitute  the  English  Alphabet  of  Today — ^The 
Development  of  Different  Styles  From  the  Few  Original  Forms. 


PART  II. 


WE  HAVE  learned  thus  far  that  writing 
began  with  ideographs,  or  picture 
words,  and  that  there  was  a  gradual 
transition  from  them  to  the  phonetic  alpha- 
bet used  by  the  Greeks.  The  general 
changes  we  quickly  followed,  starting  from 
hieroglyphic  Egypt,  thence  to  Palestine  and 
PhcBnicia,  and  finally  to  Greece.  But  what, 
may  be  asked,  has  the  Greek  alphabet  to  do 
with  ours?  This  question  brings  us  at  once 
to  the  alphabet  in  modern  history,  a  branch 
of  the  subject  that  should  be  of  interest 
to  all. 

We  will  assume  that  the  reader  is  familiar 
with  the  phonetic  value  of  each  of  the 
twenty- six  letters  now  in  use,  and  will  direct 
his  attention  immediately  to  some  of  the  800 
different  styles  of  letters  that  during  the  past 
1,900  years  have  been  developed  from  the  few 
original  forms. 

Taking  the  alphabet  as  we  find  it  in  the 
beginning  of  the  1st  century,  and  turning 
from  the  land  of  its  birth  to  southern  Europe, 
the  land  of  its  adoption  and  subsequent 
development,  let  us  follow  its  growth  through 
the  marked  periods  of  later  history.  To  do 
this  intelligently  it  will  be  well  first  to  note 
that,  1,900  years  ago,  our  present  Great  Brit- 
ain, Germany,  and  all  northern  Europe  were 
the  home  of  uncivilized,  half-savage  people  ; 
this  should  be  kept  in  mind  while  following 
the  changes  that  led  to  the  present  alphabet. 
The  golden  milestone  in  the  center  of  the 
city  of  Rome  marked  at  that  time  not  only 
the  center  of  a  city,  but  also  the  center  of  the 
vast  Roman  empire,  then  at  the  zenith  of  its 
ascendency — an  empire  that  had  inherited 


much,  though  not  all,  of  the  greatness  of 
fallen  Greece.  It  is  to  the  city  of  Rome  that 
we  have  to  look  for  all  evidences  of  the  let- 
ters used  at  that  time,  and  there  we  find  the 
best  monumental  witness  in  the  Arch  of  Titus. 
A  study  of  the  letters  on  the  entablature  of 
this  arch,  which  was  erected  in  the  year  70, 
reveals  a  quite  surprising  similarity  to  those 
now  in  use.  The  letters  are  Latin,  and 
belong  to  an  alphabet  derived  from  the 
Greek,  Etruscan,  and  Ionic ;  their  general 
form  is  similar  to  that  used  by  the  Greeks, 
but  there  is  added  a  spur,  or  triangular  point, 
at  the  extremity  of  each  stroke.  The  Latin 
alphabet  is  the  parent  of  all  our  present  types 
of  lettering,  and  therefore  claims  special 
attention  and  study.  Owing  to  political 
causes  it  finally  displaced  all  other  national 
scripts  of  Italy,  and  as  the  alphabet  of  Rome 
it  became  that  of  Latin  Christendom  and, 
finally,  the  literary  alphabet  of  Europe  and 
America,  and  is  thus  the  only  one  that  can 
claim  to  be  cosmopolitan. 

The  earliest  manuscript  specimen  of  the 
Latin  language  extant  is  a  fragment  of  the 
hymn  of  the  Fratres  Arvales,  a  religious 
brotherhood  that  continued  the  Thanks- 
giving for  the  fertility  of  the  land. 

If  the  reader  will  compare  the  letters  men- 
tioned throughout  this  article  with  those 
illustrated  in  Fig.  3,  he  will  be  greatly  assisted 
in  becoming  familiar  with  the  styles  known 
as  fundamental,  and  the  article  will  become 
of  much  more  general  interest  to  him.  The 
three  styles  of  lettering  used  during  the  let 
century  were :  Fin^,  that  shown  on  the  Arch 
of  Titus,  which  corresponds  to  the  ant  ique 
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EgyptJaD  of  the  present  day  ;  tecond,  that  of 
the  aoiform  stroke  without  the  spar,  known 
u  the  Egyptian  ;  and,  third,  that  used  by  the 
Western  Roman  provinces  (now  Spain  and 
France),  which  wae  made  by  reducing  the 
horizontal  atrokee  to  about  one-half  the  width 
of  the  vertical  and  adding  the  epur ;  this 
gavr  rise  to  a  distinct  style,  known  today  as 
the  French  Ronuin. 

Leaving  the  1st  century,  so  luminona 
with  achievements  in  alphabet  deTelopment, 
the  Rome-divided  period  is  entered,  vhen 
the  warlike  and  nnsettled  condition  of  all 
Europe  and  western  Asia  crowded  out  all  poe- 
■ibility  of  advancement  in  art'  or  literature, 
(ft,  indeed,  anything  else,  save  only  what 


During  this  period  the  forms  of  the  letters 
became  more  and  more  complicated,  with 
a  strong  tendency  to  the  groteeqoe,  all  kinds 
of  figures  and  designs  being  made  a  part 
of  a  letter.  But  several  plainer  styles  that 
are  worthy  of  notice  were  also  originated 
during  the  same  period,  one  of  which  is 
the  Romaneeque  of  the  8th  century,  which 
gave  rise  to  the  Old  English  and  German 
of  the  present  day.  The  ornamental  sar- 
coph^us  belongs  to  this  age,  and  upon 
them  there  occasionally  appears  a  line  of 
lettering  that  serves  to  establish  the  exact 
period  to  which  the  relic  belongs.  But  the 
dark  agea  were  in  reality  a  germinating  or 
budding  season,  and  culminated  in  an  «v«nt 
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couJd  be  gained  by  expeditions  of  war,  until 
the  15th  century  was  reached.  Almost  all 
the  lettering  that  was  given  to  the  world 
during  this  long  period  was  executed  by 
the  monks  within  the  monasteries  scattered 
tbrougbout  southern  Europe.  These  ecclesi- 
astical devotees,  known  also  as  caHigrapher*, 
exhibited  wonderful  skill  in  the  art  of 
engrossing,  especially  in  designingand  illumi- 
nating capitals  on  their  manuscripts  ;  many 
of  these  were  copied  from  early  Biblical  rec- 
ords which,  after  being  used  to  copy  from, 
were  removed  by  a  chemical  process  from 
the  parchment  on  which  they  were  made, 
and  thus  the  world  was  deprived  of  writings 
that  were  necessarily  far  more  valuable  than 
those  of  the  monks. 


which  proved  of  the  utmost  importance  to 
Europe,  and  in  fact  to  all  the  world.  About 
the  middle  of  the  Ifith  century,  during  the 
period  known  as  the  Renaissance  (famous 
for  a  revival  of  art  in  central  and  northern 
Italy),  a  system  for  reproducing  letters  and 
drawings  was  invented  which  was  destined 
to  bring  the  most  distant  parts  of  the  world 
into  cloee  touch,  and  be  a  means  of  impaft- 
ing  knowledge  to  all.  This  was  the  science 
of  printing  by  means  of  movable  type, 
invented  by  Johann  (lUtenberg,  of  Mentz, 
Germany,  who  perfected  his  invention  and 
made  it  of  practical  use  in  the  year  1443.  It 
must  be  remembered  that  even  at  this  date 
there  was  no  cheap  material  upon  which  to 
print,  parchment  only  being  in  use,  so  that 
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the  great  adv&ntagM  that  thia  invention  woe 
to  beaWw  upon  the  nations  were  delayed 
gome  what. 

To  return  to  the  alphabet :  the  forms  of 
the  letters  had,  during  this  long  period, 
grown  into  complicated  enigmas,  so  that  the 
invention  of  printing  was  peculiarly  oppor- 
tune aiid  beneScial,  because  in  order  that 
the  letters  mi|;ht  be  used  as  movable  type, 
the  designs  had  to  be  greatly  simplified. 
The  early  forme  of  Roman  were  therefore 
followed,  as  also  was  the  Gothic ;  the  latter 
was  the  classic  letter  of  the  medieval  period, 
and  derived  its  name  from  the  pointed  arch 


these  has  been  finally  developed  the  Ameri- 
can Spencerian  script,  the  most  graceful  form 
of  freehand  letter  yet  invented. 

The  monogram  appears  in  various  forms 
daring  the  entire  period  of  modern  history, 
its  present  state  being  marked  by  symmet- 
rical design  and  great  artistic  beauty,  and  it 
is  now  need  in  many  practical  ways. 

The  Italic  script  is  a  modern  adaptation  of 
the  medieval  Italic  print  Ther«  are  several 
forma  of  church  text,  each  arising  from  a. 
period  that  marks  a  corresponding  architec- 
tural era ;  these  are  seen  at  the  present  time 
in  many  abbeys  and  cathedrals  throughout 
Europe,    The  cathedral  of 
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shows  what  are  without 
doubt  the  oldest  specimens 
in  esietence  of  the  French 
Gothic,  bearing  the  dates 
116:1-1214.  In  WeBtminster 
Abbey,  London,  the  Henry 
VII  Chapel  contains  an 
original  conception  of  the 
Gothic ;  this  chapel  was 
built  in  1509,  and  shows  a 
peculiar  letter  identiSed 
with  no  other  place,  which 
is  one  of  the  most  classical 
of  the  early  forms.  The 
old  forms  of  Old  English 
still  remain  in  many  an- 
cient abbey  inscriptions. 
The  tomb  of  Richard  II, 
al^  in  Westminster  A  bbey, 
bears  a  good  specimc-n  of 
this  letter,  of  the  year  1400. 
Many  of  the  so-called  Old 
Ahthb  Eovptians  Would  Have  Wbittbs  It.  English  letters  used  today 

bear  little  resemblance  to 
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then  in  vc^^e ;  the  Gothic  of  the  present 
day  is  almost  identical  with  the  original, 
the  earliest  specimen  of  which  dates  back  to 
the  year  1250.  The  medieval  Roman  letter 
is  the  extreme  of  the  French  Koman,  in 
which  the  horizontal  stroke  in  rpdured  in 
thickness  until  it  becomes  a  tine  line,  from 
which  type  we  may  trace  the  origin  of  our 
present  Roman  letter. 

Script  writing,  that  is,  the  ordinary  cursive 
kind,  was  the  outgrowth  of  a  great  variety  of 
test  hands,  and  was  brought  into  cla^iir'al 
stylee  later  by  the  Anglo-Saxons.      Out  <if 


should  be  known  rather  m 
modem  Old  English,  if  we 
may  use  such  an  expres- 
sion. The  minueculee,  or 
small  letters,  known  among 
printers  and  letteters  as  lotier  cane,  were  first 
used  during  the  medieval  period. 

Out  of  all  these  early  forms  to  which  we 
have  referred,  there  has  grown  an  almost 
endless  variety  of  styles  ;  for  these  we  are 
indebted  to  coinpetition  among  printers  and 
type  manufacturers,  who,  in  their  efforts  to 
create  a  demand  for  their  own  work,  have 
displayed  much  originality  of  design.  The 
Bradley  text  serves  as  an  excellent  example 
of  one  of  the  most  popular  of  these. 

The  styles  of  letters  so  familiar  to  all  that 
notice  the  artistic  productions  of  the  sign 
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painter  and  printer  have  in  many  cases  been 
originated  in  this  country,  and  many  of  them 
have  become  so  popolar  the  world  over  as  to 
bear  the  distinct  name  of  American  writing. 
Among  these  are  included  full  block,  square, 
and  round,  half  block  (both  plain  and 
antique),  railroad  block,  shippers'  box-mark- 
ing, and  Spencerian  script.    The  engrossing 


badly  off  we  would  be  if  we  had  to  resort  to 
picture  words,  and  to  show  how  these  same 
picture  words  might  gradually  become  mere 
conventional  signs,  or  hieroglyphics;  we 
have  also  given  the  same  words  in  plain 
English. 

We  have  said  that  the  art  of  lettering  owes 
much  to  the  invention  of  printing ;  but  it  is 
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text,  or  German  rund-Schript,  and  the  pens 
used  for  writing  it,  were  the  invention  of  a 
German. 

From  the  principal  styles  shown  in  Fig.  3 
there  has  arisen  an  immense  nuniber  that 
can  be  seen  in  any  printers*  type  book.  All 
letters  can  be  classed  as  either  plain,  orna- 
mental, or  grotesque,  and  an  unlimited 
variety  of  designs  is  i>osBible.  Again,  by 
various  forms  of  shading  it  is  possible  to  so 
change  the  general  character  of  a  given  style 
as  to  completely  hide  its  identity,  and  yet  such 
shading  does  not  constitute  a  new  style,  and 
does  not  necessarily  call  for  much  originality. 

Thus,  then,  has  the  art  of  lettering  come  to 
be  what  it  is  today — ^from  picture  words  to 
hieroglyphics,  and  from  hieroglyphics  to 
a  perfect  phonetic  alphabet  composed  of 
twenty-six  letters.  In  Fig.  2  we  have  tried 
to  give  the  reader  a  definite  idea  of  how 


also  true  that  the  greatest  visible  improve- 
ments in  the  work  done  by  the  modem 
printing  press  is  due  to  improvements  that 
have  been  made  in  the  designs  of  the  letters 
used,  and  it  must  not  be  forgotten  that  the 
excellence  and  finish  of  these  desigQS  depends 
primarily  upon  the  skill  and  knowledge  of 
the  letterer.  The  improvements  that  have 
been  made  during  the  past  fifty  years  are 
best  realized  by  comparing  the  high-grade 
magazines  of  today  with  the  best  of  half  a 
century  ago.  It  is  not,  however,  to  the  type 
designer  alone  that  a  knowledge  of  the  art  of 
lettering  is  valuable ;  no  man  should  be 
ignorant  of  it,  whatever  his  occupation,  but 
in  particular,  mechanical  draftsmen  and  all 
designers,  no  matter  in  what  industry,  should 
have  an  intimate  knowledge  of  how  to  con- 
struct every  letter  in  the  alphabet  in  the 
several  designs  in  every -day  use. 
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Astrology — ^The  Wandbrebs,   and  Theib  Influence  on  Lanquages  and  Institutions. 
Pythagorean  Speculation  Revived  by  Copernicus — Habmony  op  the  Sphebes. 


THE  ancients  regarded  the  heavens  as  an 
unmense  spherical  dome,  to  the  inner 
surface  of  which  the  heavenly  bodies 
were  attached.  They  naturally  conceived 
that  the  earth  was  the  center  of  this  great 
vault,  and  that  the  celestial  orbs  performed 
a  ceaseless  journey  around  the  earth.  The 
earliest  observers  could  not  fail  to  be  struck 
with  the  fact  that  most  of  the  heavenly 
bodies  preserved,  night  after  night  and  year 
after  year,  the  same  relative  positions.  On 
the  other  hand,  a  few  of  the  most  conspicuous 
of  the  celestial  objects  were  seen  to  be  con- 
tinually moving  to  and  fro  among  the 
others.  These  bodies,  which  seemed  to  move 
according  to  no  regular  law,  were  called 
wanderers.  Of  these  the  ancients  recognized 
seven,  viz..  Sun,  Moon,  Jupiter,  Venus,  Mars, 
Mercury,  and  Saturn. 

For  many  centuries  it  was  firmly  believed 
that  the  heavenly  bodies  exercised  a  con- 
trolling influence  upon  human  affairs ;  their 
positions  and  motions,  therefore,  were  atten- 
tively observed,  in  order  that  men  might 
gain  therefrom  some  indication  of  the 
probable  course  of  future  events.  Thence 
arose  the  pseudoscience  of  astrology,  which 
long  usurped  the  place  of  astronomy,  and 
has  left  an  indelible  mark  in  the  language 
and  institutions  of  every  people  under 
heaven.  For  example,  the  English  word 
cormder  is  derived  from  the  Latin  word  sidus^ 
"a  star,*'  and  literally  means  **to  consult 
the  stars";  disaster  is  from  the  Greek  word 
aslroUf  **a  star,"  from  which  we  also  derive 
the  words  astrology  and  astronomy,  and 
disaster  means  that  our  star  is  unfavorable ; 
the  derivation  and  meaning  of  ill-starred  are 
self-evident. 

The  week  of  seven  days  belongs  exclu- 
sively to  those  tribes  and  nations  who  recog- 
nized seven  wanderers.  The  Incas  of  Peru 
recognized  only  the  sun,  moon,  and  Venus ; 
and  their  week  had  nine  days,  this  period 
being  adopted,  probably,  because  it  is  one- 
third  of  the  period  of  the  moon's  revolution 
about  the  earth.  The  Aztecs  of  Mexico  also 
knew  only  the  sun,  moon,  and  Venus,  and 
their  week  had  thirteen  days. 

The  ancients  dedicated  the  hours  suc- 
cessively to  the  wanderers  in  the  order  of 


their  distances  from  the  earth.  Saturn,  on 
account  of  his  dimness  and  the  slowness  of 
his  motion,  was  considered  to  be  the  most 
remote.  From  such  considerations  the  wan- 
derers were  ranked  in  the  order  of  their  dis- 
tances from  the  earth  as  follows :  Saturn, 
Jupiter,  Mars,  Sun,  Venus,  Mercury,  Moon. 
The  first  hour  of  the  first  day  was  given  to 
Saturn,  the  second  to  Jupiter,  the  third  to 
Mars,  the  twenty -second  to  Saturn,  the 
twenty-third  to  Jupiter,  the  twenty- fourth 
to  Mars.  Hence,  the  first  hour  of  the  second 
day  belongs  to  the  sun,  the  second  hour  of 
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the  second  day  to  Venus,  and  so  on.  Each 
day  was  nam^  after  the  wanderer  to  which 
its  first  hour  was  consecrated  ;  the  wanderer 
for  which  each  day  is  named  can  be  deter- 
mined by  following  out  the  process  indicated 
above,  but  the  following  method  is  easier: 
Write  the  names  of  the  wanderers  in  order 
around  a  circle  ;  begin  with  Saturn  and  skip 
two  every  time ;  then,  they  fall  into  the 
following  order :  Saturn,  Sun,  Moon,  Mars, 
Mercury,  Jupiter,  Venus.  Now,  Saturday 
is  simply  Saturn's  day,  Sunday  is  Sun's  day, 
and  Monday  is  Moon's  day.  The  French 
name  of  Tuesday  is  Mardi,  or  Mar's  day ; 
the  English  name  Tuesday  preserves  the 
name  of  the  god  Tyr,  who  in  Norse  myth- 
ology was  god  of  war  and  corresponded  to 
Mars  of  the  Roman  mythology.  Wednes- 
day in  French  is  Mercredi,  or  Mercury's 
day  ;  the  English  word  is  derived  from  the 
name  of  the  god  Woden,  who  among  our 
ancestors  filled  Mercury's  place.  Thursday 
takes    its    name   from    Thor,    the   god    of 
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thunder,  who  was  the  Norseman's  Jupiter. 
In  Latin,  Friday  is  Venus' s  day;  the  Scandi- 
navians, Anglo-Saxons,  and  Germans  named 
Friday  after  their  goddess  of  love,  Frigga, 
who  corresponded  to  Venus.  In  ancient 
times,  Friday,  being  dedicated  to  the  goddess 
of  love,  was  the  lucky  day.  To  the  venera- 
tion of  the  ancients  for  the  celestial  bodies  is 
also  to  be  ascribed  the  mystic  significance 
attributed  by  them  to  the  number  seven. 

Nothing  is  known  of  the  date  of  discovery 
or  of  the  discoverer  of  any  of  the  wanderers. 
After  the  sun  and  moon,  Venus  was  un- 
doubtedly the  earliest  known ;  it  is  so  con- 
spicuous as  the  morning  or  evening  star  that 
it  must  necessarily  have  been  distinguished 
from  the  rest  of  the  heavenly  bodies  by  the 
earliest  observers.  It  is  extremely  probable 
that  Mercury  was  the  latest  to  be  added  to 
the  list,  for,  owing  to  its  proximity  to  the 
sun,  it  can  be  seen  only  under  very  favorable 
circumstances  ;  yet  even  Mercury  was  recog- 
nized in  prehistoric  times,  and  we  find 
references  to  it  in  writings  dating  back  more 
than  twenty  centuries. 

The  system  of  astronomy  that  regarded 
the  earth  as  the  fixed  center  of  the  universe 
is  called  the  Ptolemaic  system,  after  Ptolemy, 
a  £BLmou6  mathematician  of  Alexandria,  who 
died  in  168  A.  D.  Ptolemy  knew  that  the 
earth  wae  a  globe,  and  that  its  diameter  was 
so  small,  in  comparison  with  the  distances  of 
the  heavenly  orbs,  that  he  was  justified  in 
treating  the  earth  as  a  mere  point.  He  also 
knew  that  the  celestial  motions  could  be 
explained  by  supposing  the  earth  to  move, 
and  he  gave  reasons  for  rejecting  this  sup- 
position. The  early  geometers  regarded  the 
circle  as  the  only  perfect  figure,  and  conse- 
quently they  believed  that  all  the  celestial 
motions  must  be  circular.  But  they  observed 
the  wanderers  moving  now  forwards,  now 
backwards,  among  the  fixed  lights  of  heaven  ; 
and  these  apparent  motions  had  to  be  recon- 
ciled with  the  assumed  circular  motion. 
Ptolemy  supposed  that  each  body  moved  in 
a  circular  path,  while  the  center  of  this  cir- 
cular path  itself  described  a  circle  around 
the  earth.  He  displayed  great  ingenuity  in 
perfecting  this  theory ;  and  his  beautiful 
system  of  epicycles,  though  somewhat  com- 
plicated, affords  a  satisfactory  explanation 
of  all  the  phenomena  with  which  he  was 
acquainted.  He  gives  a  description  of  an 
iiwtnmient  called  the  aMrolabey  by  means  of 
which  the  celestial  motions  can  be  exhibited 
in  accordance  with  his  theory. 

Modem  astronomy  is  all  based  on  what  is 
known  as  the  Chpernican  system,  because  it 


owes  its  origin  to  the  brilliant  conjectures  of 
Nicholas  Copernicus,  who  died  at  Frauenbe]*g 
on  May  7,  1543.  He  first  clearly  pointed  out 
the  distinction  between  real  and  apparent 
motions,  and  maintained  that  the  apparent 
daily  motion  of  the  heavens  is  really  due  to 
the  rotation  of  the  earth  on  its  axis ;  he 
formed  this  theory  because  it  is  simpler  to 
think  of  the  earth  rotating  with  a  compara- 
tively moderate  velocity  than  to  imagine  the 
stars  sweeping  through  space  at  the  utterly 
inconceivable  rate  required  by  the  Ptolemaic 
theory.  He  further  assigned  to  the  earth  its 
proper  place  in  the  universe  by  making  it 
revolve  about  the  sun.  Besides  the  earth 
there  are  several  other  bodies  revolving 
about  the  sun  ;  these  and  the  earth  also  are 
called  planets.  Some  of  the  planets  have 
smaller  bodies  revolving  about  them  as  they 
revolve  about  the  sun  ;  these  smaller  bodies 
are  called  satellites.  All  these  bodies,  great 
and  small,  with  the  sun  as  their  center,  con- 
stitute the  solar  system.  Thus,  of  the  wan- 
derers of  the  ancients,  one — the  sun — has 
ceased  to  wander,  another — the  moon — has 
been  reduced  to  the  rank  of  a  satellite,  and 
the  rest  have  been  elevated  into  planets. 

The  theory  of  Copernicus  is  justly  described 
as  a  conjecture  or  speculation  ;  for  he  had  no 
proof  of  it,  and  merely  framed  it  as  a  simple 
explanation  of  the  facts  as  he  knew  them. 
By  the  labors  of  later  scientists  it  has  been 
abundantly  shown  that  this  theory  explains 
every  observed  phenomenon,  and  enables  us 
to  predict  with  unerring  certainty  future 
phenomena,  and  to  fix  the  exact  time  and 
place  at  which  they  will  occur.  Thus,  what 
to  Copernicus  were  merely  probabilities, 
have  now  became  established  facts,  and  the 
hypothesis  has  been  recognized  as  a  law  of 
the  universe.  This  is  the  way  in  which  great 
scientific  discoveries  are  invariably  made. 
A  speculator  of  sound  and  vivid  imagination, 
who  knows  some  facts,  invents  a  more 
or  less  plausible  theory  to  explain  and  har- 
monize those  facts ;  this  speculative  theory 
is  then  worked  out  to  its  l^itimate  con- 
clusions, and  the  consequences  to  which  it 
leads  are  determined.  Then  every  ascertain- 
able fact  is  carefully  examined  ;  if  they  are 
aQ  found  to  be  consistent  with  the  theory, 
and  if  it  accounts  for  them  all,  the  specula- 
tive theory  becomes  a  natural  law.  When  a 
speculative  theory  is  thus  tested  by  com- 
parison with  facts,  it  is  generally  necessary 
to  modify  the  theory  somewhat,  and  not 
infrequently  a  Very  plausible  theory  proves 
utterly  untenable  and  has  to  be  abandoned. 
But  many  a  theory  long  since  abandoned,  and 
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only  remembered  to  be  sneered  at  hj  the 
thoushtlees,  has  been  very  uae&l  in  its  day 
and  generation. 

An  attempt  has  been  made  to  prove  that 
the  trae  scientific  method  is  to  obaerve 
and  collect  facts,  and  gather  a  ^eat  mass 
of  Byatematic  observations ;  then,  having 
examined  and  clasaified  these  recorded  obser- 
vations, to  arrive  by  a  process  of  induction  at 
theiaw  that  governs  them.  But  this  method 
has  ever  been  barren  of  results.  The  mere 
collection  and  classificstion  of  observations, 
unguided  by  some  sort  of  theory— good  or 
bad — has  always  resembled  the  mountain  in 
labor  which  brought  forth  a  mouse — the 
reaultfl  have  been  scant  and  small.  Science 
is  something  more  than  a  mere  epitome 


Pis.  2. 

and  distilled  essence  of  statistics ;  scientific 
investigations    cannot    be    conducted    and 

great  discoveries  made  by  an  automatic 
recording  machine;  a  pencil  and  an  alge- 
braic formula  do  not  constitute  a  pioneer  of 
science  any  more  than  a  fur  coat  makes  an 
arctic  explorer.  The  acientiat  needs  a  good 
imagination,  and  he  must  give  it  full  and 
unfettered  play.  The  subUmeet  flights  of 
the  human  imagination  are  not  to  be  found 
in  the  works  of  poets  and  noveliate  ;  beside 
the  brilliant  fancies  of  such  men  as  Kepler 
and  Newton  all  the  tales  of  mystery  and 
imagination  of  fiction  are  pale  and  insipid. 
In  the  mere  matter  of  observation,  Coperni- 
cus was  at  a  disadvantage  compared  with 
many  of  the  ancients,  for  at  the  end  of  his 
life  he  deeply  regretted  never  having  seen 


Mercury.    His  immortal  discovery  was  the 
iruit  of  his  free  and  fertile  imagination. 

It  is  right  to  mention  that  the  speculation 
of  Copernicus  had  been  advanced  by  Pytha- 
goras, who  died  in  500  B.  C,  but  had  been 
lost  sight  of  under  the  reign  of  the  peri- 
patetic philosophers.  Pyth^oras  believed 
that  the  distances  of  the  heavenly  bodiee 
from  the  earth  formed  a  musical  progression, 
and  this  theory  of  his  has  given  ua  the 
phrase,  "  harmony  of  the  spheres." 

In  picturing  to  ourselves  the  motions  of 
the   heavenly  bodie«,  we  encounter   three 
great  difficulties.     In  the  first  place  we  have 
no  stationary  place  from   which   to   watch 
them.    Secondly,  the  universe  is  so  vast  that 
we  can  form  no  adequate  conception  of  its 
proportions.     In  the  third 
place,  the  mighty  orbs  of 
heaven    move    with    such 
majestic  dignity,  and 
occupy  such  long  periods 
in    making    a    drcuit    of 
their  courses,  that  the 
brief  span  of  human    life 
-   is    utterly    insufficient   to 
;    trace  their  paths.     We 
have  mentioned  that  the 
ancients  met  the  two  latter 
difficulties  by  the  invention 
of  the  astrolabe,  which 
represented  the  motions 
on  a  scale    of  magnitude 
and  in  a  period  of  time  con- 
venient  for   observation ; 
the  first  of  these  difficulties 
was,. however,  insurmount- 
able until  the  Copemican 
system  was  established. 
This  difficulty  may  be  illus- 
trated by    reference  to   a 
beautiful  mosaic  floor  in  a  great  cathedral. 
To  see  the  beauty  of  this  floor  one  must  view 
it  from  the  proper  position.    From  any  other 
point  of  view  the  spectator  sees  nothing  in 
the  pattern  but  an  intricat«  confusion  of 
meaningless  lines  and  a  mass  of  discordant 
colors.      As  aoon,  however,  as  the  guide 
places  him  in  the  proper  position,  the  picture 
burets  upon  his  enraptured  visiou  in  all  its 
beauty  of  outline  and  harmony  of  color.     In 
like  manner,  to  feel  and  realize  the  harmony 
of  the  spheres,  and  get  a  true  view  of  their 
motions,  one  must  be  transported  in  imagi- 
nation to  the  sun  ;   then  all   the  confusion 
disappears,  and  the  motion  of  every  body  ia 
simple  and  direct. 

Some  of  the  mathematicians  of  the  seven- 
teenth century  invented  machines,  known 
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aa  j^anelariumt,  to  exhibit  the  motioiu  of 
the  eolar  syatem  id  accordance  with  the 
CopemicaD  theory.  The  fint  of  these  ma- 
cbines  was  invented  by  Huygens,  and  ie  atill 
preserved  at  the  University  of  Leyden.  In 
designing  the  gear-wheels  of  this  machine, 
HnygeuB  used  the  method  of  continued 
fractions,  and  this  was  the  first  practic&t 
Application  of  tbat  method.  (See  Houe 
Study  Magazine,  Auguet,  1898,  article  en- 
titled "Continued  Fractions.")  Theplane- 
larinm  shown  in  Fig.  3  nas  constractcd  b; 
William  Jones,  a  mathematical-instrument 
maker  of  London.  It  is  driven  by  means 
of  a  handle  that  is  connected  with  a  sys- 
tem of  gear-wheels  so  accurately  calcnlated 
that  the  motions  are  correct  within  one 
minnte  of  time.     The  wanderers   of  the 


1.  Each  of  these  planets  moves  avonnd  the 
sun  in  a  nearly  circular  path,  called  the 
planett   orbiL 

2.  They  all  revolve  around  the  sun  in  the 
same  direction,  and  their  orbits  are  nearly 
in  the  same  plane. 

3.  Each  rotates  on  an  axia  passing 
through  its  own  center ;  the  plane  of  rota- 
tion coincides  nearly  with  the  plane  of  its 
orbit,  and  the  direction  of  its  rotation  is 
the  same  as  the  direction  of  its  revolution 
around  the  sun. 

4.  The  satellites  of  a  planet  revolve 
around  the  planet  in  a  plane  nearly  coinci- 
dent with  the  planet's  orbit,  and  tbe  direc- 
tion of  the  eatelUte'B  revolution  is  the  same 
as  that  of  the  planet's  rotation. 

5.  Thelargest  planets  rotate  most  swiftly. 


wh 

Sat„ , j„  ^.^ 

eented.  The  symbol 
for  Mara  is  a  man  with  a  spear  protruded. 
Since  tbe  invention  of  the  telescope,  other 
planets  have  been  discovered,  and  addi- 
tional arms  are  sometimes  placed  on  the 
planetarinm  to  show  their  motions. 

Confining  our  attention  to  tbe  older 
planeta,  we  shall  point  out  some  of  their 
iiw>tiotii  and  other  characteristics. 


earth's  axis,  may  be 
takenastheplaneof  theearth'srotation  ;  we 
have  already  said  that  this  plane  is  nearly 

coincident  with  the  plane  of  the  ecliptic  ;  the 
angle  between  these  two  planes  is  called  the 
oUiquily  of  the  ecliptic  ;  it  is  very  nearly 
constant,  and  its  present  value  is  about  23  j°. 
Since  the  obliquity  of  the  ecliptic  is  practi- 
cally constant,  it  follows  that  the  axis  of  the 
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earth  is  inclined  to  the  ecliptic  at  a  constant 
angle ;  in  other  words,  the  axis  of  the  earth 
moves  parallel  to  itself.  Jones'  planetarium 
has  a  frame  attached  to  the  earth  and  the 
moon  ;  this  frame  contains  four  wheels  and 
two  pinions,  and  preserves  the  necessary 
parallelism  of  the  earth's  axis.  The  earth 
in  this  machine  is  usually  represented 
by  a  3-inch  globe.  By  placing  a  lighted 
candle  for  the  sun  in  the  center,  the 
changes  of  the  seasons  and  the  different 
lengths  of  nights  and  days  will  be  repre- 
sented more  conspicuously.  The  succession 
of  the  seasons  can  also  be  represented  by 
the  simple  construction  shown  in  Fig.  2. 
The  candle  represents  the  sun ;  a  6  c  is  the 
earth's  orbit,  and  is  erected  so  that  its  plane 
is  inclined  to  the  horizontal  at  an  angle 
of  23}°.  The  earth  is  represented  by  a 
small  ball)  suspended  by  a  thread  attached 
to  the  hook  N,  which  represents  the 
north  pole.  The  ball  is  carried  round 
the  orbit  in  the  direction  indicated  by  the 
arrow. 

All  the  rotations  and  revolutions  here 
referred  to  take  place  in  the  direction 
opposite  to  that  in  which  the  hands  of  a 
clock  rotate.  Hence,  a  counter-clockwise 
rotation  is  considered  positive,  and  a  clock- 
wise rotation  is  regarded  as  negative. 

The  obliquity  of  the  ecliptic  is  very  nearly 
constant,  but  is  decreasing  at  the  rate  of 
about  half  a  second  a  y.ear.  This  fact  was 
observed  in  very  early  times  ;  and  gave  rise 
to  the  ancient  Egyptian  tradition,  recorded 
by  Herodotus,  that  the  plane  of  the  ecliptic 
and  the  plane  of  the  equator  were  originally 
perpendicular  to  each  other.  The  Chaldean 
astronomers  calculated  that  the  obliquity  of 
the  ecliptic  was  diminishing  almost  at  the 
rate  of  one  minute  in  a  century.  These  facts 
put  us  in  a  position  to  read  history  back- 
ward, and  to  discover  why  the  Chaldeans 
asserted  that  their  nation  had  been  in  exis- 
tence and  had  preserved  astronomical 
records  for  403,000  years  before  Alexander 
entered  Babylon.  A  very  simple  arithmet- 
ical calculation  shows  that  at  the  rate  of  a 
very  little  less  than  one  niinute  in  a  century, 
it  would  require  403,000  years  to  reduce  the 
obliquity  from  90°  to  something  more  than 
23}°.    The  Chaldean  assertion,  then,  that 


their  empire  had  lasted  403.000  years,  was 
their  way  of  saying  that  it  D^^an  with  the 
beginning  of  the  world. 

Next  to  the  sun,  the  moon  is  the  most 
interesting  of  our  celestial  neighbors ;  indeed, 
the  Hibernian  astronomer,  waxing  poetical 
in  his  cups,  assigns  to  the  moon  the  place  of 
honor,  when  he  says  : 

Long  life  to  the  moon,  for  a  dear  noble  cratur. 
Which  serves  us  for  lamplight  all  night  in  the 
dark. 
While  the  sun  only  shines  in  the  day,  which  by 
natur 
Wants  no  light  at  all,  as  ye  all  may  remark. 

It  is  remarkable  that  the  moon  rotates  on 
her  own  axis,  and  yet  continually  presents 
the  same  side  to  the  earth.  This  feat  she 
accomplishes,  with  true  lunar  ingenuity,  by 
making  the  period  of  her  rotation  coincide 
with  the  period  of  her  revolution  round 
the  earth.  Any  one  can  perform  the  same 
feat  by  placing  a  chair  in  the  middle  of  the 
floor  and  making  a  circuit  of  the  room,  at 
the  same  time  continually  facing  the  chair. 
If  he  starts  with  his  back  to  a  window,  by 
the  time  he  has  made  half  the  circuit  of  the 
room  he  will  be  facing  the  same  window, 
and  consequently  must  have  made  half  a 
rotation  on  his  own  axis ;  on  completing  the 
circuit  he  will  have  made  another  half 
rotation. 

The  triumph  of  modem  astronomy  has 
been  so  complete  that  even  the  satire  of  its 
opponents  is  no  longer  satire,  but  sounds  like 
sincerest  praise.  An  astronomer  may  now 
assume  as  a  motto  the  verses  in  which  the 
author  of  Hudibras  satirized  what  he  re- 
garded as  the  presumptuous  pretentions  of 
astronomers : 

To  carry.this  most  virtuous  war 
Home  to  the  door  of  every  star, 
And  plant  the  artillery  of  our  tubes 
Against  their  proudest  magnitudes ; 
To  stretch  our  victories  beyond 
Th'  extent  of  planetary  ground. 
And  fix  our  engines,  and  our  ensigns 
Upon  the  flx'd  stars  vast  dimensions, 
(Which  Archimede,  so  long  ago. 
Durst  not  presume  to  wish  to  do). 
And  prove  if  they  are  other  suns, 
As  some  have  held  opinion^ 
Or  windows  in  the  empyreum. 
From  whence  those  bright  effluvias  come 
'  Like  flames  of  fire  (a»  others  guess) 
That  shine  i'  th'  mouths  of  Aimaces. 
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THOUGH  the  science  of  naval  warrare  is 
many  centnries  old,  the  torpedo — the 
moat  destructive  death-deaticg  engine 
of  war  ever  employed  by  inan  against  man— 
was  invented  only  thirty- eight  years  ago. 
Thaa  it  is  the  most  modern  as  well  sb  the 
woet  formidable  weapon  used  to  destroy  life 
and  property  on  the  high  seas— most  for- 
midable, that  is,  when  properly  aimed ;  for 
in  its  effects  upon  the  enemy  the  torpedo 
somewhat  resembles  the  verdict  of  a  jury  in 


fighting  tools  of  all  the  great  navies  of  the 

Torpedoes  may  be  divided  into  two  gen- 
eral classes : 

1.  The  diri^ble  (directable  or  steer- 
able)  automobile  torpedo,  which  ia  aimed, 
launched,  steered,  and  exploded  electrically 
through  a  wire  connecting  it  with  a  vessel  br 
a  shore  station. 

2,  The  aelf-ateering  torpedo,  which,  after 
being  started  on  ite  conrse,  makes  ita  own 


a  marder  case,  which,  if  it  does  not  condemn 
to  death,  lets  off  scot  free.  There  is  nothing 
half-hearted  about  a  torpedo. 

Not  many  years  ago  the  torpedo  was  gen- 
erally looked  upon  aa  something  unclean 
and  devilish,  as  an  illegitimate  engine  of 
warfare,  unfit  to  be  employed  by  an  honor- 
able adversary.  But  thia  view  has  been 
dispelled,  and  at  the  present  day  the 
torpedo  occupies  a  front  place  among  the 


way  beneath  the  surface  of  the  water  and  is 
exploded  by  striking  the  object  of  ita  attack. 
The  dirigible  torpedo,  atcered  and  con- 
trolled by  electricity,  was  first  patented  in 
England  in  1S70,  and  in  1872  was  patented 
in  this  country  by  Lieut. -Col.  Foster,  United 
States  Engineers ;  since  then  it  has  been 
independently  elaborated  by  Lay  and  Smith. 
It  consists  essentially,  as  shown  in  Fig.  1,  of 
a  cigar-shaped  vessel  of  boiler  plate,  which 
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carries  and,  as  it  proceeds  od  its  journey, 
unreels  a  coil  of  insulated  wire,  through 
which  the  electric  current  from  a  battery 
either  on  shore  or  on  Ehipboard  can  be  passed 
at  will  to  certain  electromagnets.  By  closing 
and  breaking  the  circuit,  and  reversing  the 
direction  of  the  current,  valves  connected 
with  the  motive  power  are  controlled  and 
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the  rudder  r,  Fig.  1,  is  put  to  port  or  starboard 
and  the  engine  is  started  or  stopped  at  the 
will  of  the  operator.  In  this  manner  the 
torpedo  is  under  perfect  control  from  the 
instant  of  starting.  The  motive  power  may 
consist  of  liquid  air,  of  ammonia,  of  com- 
pressed air,  or  of  steam  peculiarly  applied. 
The  torpedo  may  be  made  to  swim  either  at 
the  surface  or  below  it.  In  the  daytime  its 
position  is  made  known  to  the  operator  by 
two  small  flags  a  and  6,  Fig.  1,  carried  near 
the  water  level ;  at  night  these  flags  are 
replaced  by  lanterns  shaded  in  front,  so  as  to 
be  invisible  to  the  enemy.  Any  of  the 
modern  explosives  may  be  used  and  detona- 
tion caused  by  the  action  either  of  a  mechan- 
ical fuse  or  of  a  circuit  closer  and  battery. 

Another  dirigible  automobile  torpedo, 
which  at  one  time  attracted  a  great  deal 
of  attention,  was  invented  by  Capt.  John 
Ericsson.  This  consists,  as  shown  in  Fig.  2, 
of  a  box  of  thin  steel  plates,  8  feet  6  inches 
long,  30  inches  deep,  and  20  inches  wide,  at 
the  bow  of  which,  at  B^  the  explosive  charge 
is  placed.  It  has  two  propellers  x  and  oc^^ 
3  feet  2  inches  in  diameter  and  of  5  feet 
pitch,  which  revolve  around  a  common  cen- 
ter but  in  opposite  directions.  The  motive 
power  is  a  small  double-cylinder  oscillating 
engine  driven  by  compressed  air  from  a  25- 
horsepower  steam  engine  on  shore,  which  is 
transmitted  to  the  torpedo  through  a  tubular 
cable  connected  just  abaft  the  stern.  The 
air  pressure  also  governs  an  equipoise  rud- 
der r  secured  under  the  bottom  near  the 
bow.  Steering  is  effected  by  the  force  of 
the  compressed  air  acting  against  one  side 


of  the  tiller,  and  a  spring  acting  against  the 
other  side.  The  submerging  is  regulated 
by  two  horizontal  rudders  m,  one  on  each 
side,  turning  on  a  transverse  axle  near  the 
bow.  These  rudders,  or  wings,  are  so  con- 
structed that  by  them  the  torpedo  can  be 
kept  at  a  depth  of  from  7  to  12  feet,  and 
they  are  provided  with  automatic  devices 
that  make  it  impossible  for  the  latter  limit 
to  be  exceeded.  In  order  that  the  course  of 
the  craft  may  be  followed  there  is  secured  to 
the  deck  a  light  steel  mast  I  12  feet  long 
which  terminates  in  a  wooden  ball ;  the 
forward  side  of  this  ball  is  painted  sea  green 
so  as  to  be  practically  invisible  to  the 
enemy,  and  the  rear  side  white  so  as  to 
be  easily  seen  by  the  operator.  Opening 
into  the  engine  compartment  are  holes 
through  which  the  water  is  permitted  to 
freely  enter  and  completely  fill  the  interior 
space ;  thus  the  machinery  is  enveloped  in 
water,  and  so,  being  made  of  bronze,  with 
boxwood  bearings,  needs  no  other  lubricant, 
and  stuffingboxes  at  the  rudders  are  done 
away  with.  The  torpedo  is  launched  from 
the  davits,  as  shown. 

The  second,  and  more  successful,  class  of 
offensive  torpedo  is  best  represented  by  the 
Whitehead  type.  This  weapon,  which  has 
been  generally  adopted  by  the  governments 
of  Europe  and  partially  by  the  United  States, 
represents  the  development  of  an  idea  origi- 
nally put  into  shape  in  1860  by  a  Captain 
Lupuis  of  the  Austrian   Navy.    The  first 


design  consisted  of  a  torpedo  boat  to  be 
driven  by  a  hot-air  engine  and  to  contain  a 
heavy  charge  of  guncotton.  It  was  intended 
that  this  should  swim  at  the  surface  of  the 
water  and  be  guided  and  exploded  from  the 
shore.  In  it«  conception  it  was,  therefore, 
somewhat  similar  to  the  dirigible  torpedo 
already  described.  Mr.  Robert  Whitehead, 
at  that  time  manager  for  an  engine-building: 
company  in  Fuimes,  Austria,  was  consulted 
by  the  inventor,  and  by  his  skill  and 
mechanical  ingenuity  an  entirely  novel  form 
of  torpedo  was  produced,  which  today,  in 
its  now  almost  perfect  shape,  embodies  the 
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thoi^rht  &nd  stndy  of  nearly  a.  quarter  of  a 
oentnry. 

There  are  sereral  types  of  the  Whit«he(u] 
torpedo,  two  of  which  are  ehown  in  Fig.  3. 
The  dimeneiona  vary  from  14  feet  to  19  feet 
in  length,  and  from  14  inches  to  19  inches  in 
diameter  at  the  largest  part.     At  ( a )  is  repre- 
sented  an  early  pattern,  and  at  ( b)  one  of  the 
rery  latest.    It  wUl  be  noticed  that  in  the 
fwmer  the  head,  or  foremoet  port,  is  shaped 
Bne,  while  in  the  later  type  it  is  blunt. 
On  first  consideration  it  might  be  suppoeed 
that  the  finer  the  head  the 
less  the  resistance  offered  by 
the  water ;   but  this  is  not 
so,  as  a  glance  at  the  head 
of  any  fish  remarkable  for 
Ipeed  and  power  of  taming 
kt  once  su^eets,  all  such  fish 
being  blunt-headed    and 
tapering  away  at  the  tail. 
The  leeaon  thus  tanght  by 
nature  was  well   borne  in 
mind  when  the  latest  des^ 
of  the    "Whitehead"   was 

The  torpedo  itself  is  divi- 
ded into  compartments,  or 
■ectiODs,  of  which  the  fore- 
most D  contains  the  explo- 
sive charge  and  the  firing  rod. 
W  hen  the  head  of  the  torpedo 
comee  into  contact  wilh  a  ship  or  any  rigid 
object,  the  rod  is  driven  in  against  a  detonator 
andthechsrgeesploded.  Behind  section  £>  is 
an  mrchamber  A,  which  contains  the  power- 
namely,  compressed  air — that  drives  the 
torpedo,  just  as  the  boiler  of  a  steamer  con- 
tains the  et«am  power  that  drives  the  ship. 
The  size  of  this  air  chamber  in  relation  to  the 
whole  torpedo  is  shown  in  the  figure ;  it  is 
made  of  a  solid  piece  of  the  finest  quality 
Whitworth  compressed  steel,  just  a  trifle 
under  ^  inch  thick,  and  the  ends  are  made 
convex  80 as  to  better  withstand  theenormooa 
preflBure  to  which  they  are  subjected.  In 
order  that  the  interior  of  this  chamber  may 
be  examined  it  is  fitted  with  lighting  plugs. 
The  Mr  is  forced  in  by  the  air-com  pressing 
pumps  invariably  found  in  vessels  that  carry 
torpedoes.  Next  to  the  air  chamber  is  the 
bdlanct  ehamber  B,  in  which  Is  stored  the 
wonderfully  ingenions  apparatus  that  main- 
tains the  torpedo  at  Its  proper  depth  in  the 
water  ;  it  is  this  apparatus,  the  outcome  of 
Whitehead's  high  mechanical  ingenuity,  that 
Eua  made  this  torpedo  famous  ;  the  same 
chamber  also  contains  the  several  valves  by 
which  the  delicate  mechanism  of  the  whole 


is  adjusted.  A.  complet«  description  of  the 
contents  of  this  chamber  would  fill  several 
pages  of  this  magazine,  and  we  must  there- 
fore leave  them  unexplained.  The  next 
compartment  is  the  engine  room  E,  contain- 
ing the  tmo-motor,  the  engina,  and  the 
charging  valve.  The  engines  are  single-acting 
three- cylindered ;  the  crank-chamber  and 
the  casings  for  the  slide  valve  form  one  cast- 
ing ;  the  valves  themeelvea  are  cylindrical, 
and,  unlike  the  ordinary  slide  valve  of  a 
steam  engine,  perform  only  the  operations 


of  admission  and  cut-ofi*,  the  exhaust  taking 
place  through  ports  in  the  end  of  the  cylinder. 
The  great  advantage  posaested  by  theee 
engines  is  that  there  is  no  possibility  of  their 
ever  being  "  hung  up  "  by  getting  on  a  dead 
center ;  they  are  driven  by  compressed  air 
from  the  air  chamber,  and  they  rotat«  a  shaft 
on  the  axis  of  the  torpedo,  on  the  end  of 
which  are  fixed  two  screw  propellers  x  and 
x'  that  revolve  in  opposite  directions.  These 
propellers  drive  the  torpedo  through  the 
water  at  an  exceptionally  high  speed.  Fur- 
ther aft  is  a  compartment  C  called  the  buoy- 
ancy  chamber,  the  purpose  of  which  is,  as  ils 
name  suggests,  togive  to  the  torpedo  ltd  neces- 
sary buoyancy.  As  this  chamber  is  neces- 
sarily subjected  to  considerable  pressure  from 
the  outside,  it  is  supported  on  the  inside  with 
several  flat  sleel  rings,  and  to  insure  that 
the  torpedo  shall  always  swim  In  a  perfectly 
upright  position  there  is  here  stored  a  certain 
amount  of  ballast.  The  engines  themeelves 
are  entirely  shut  off  from  this  compart- 
ment by  the  bulkhead  m  n  to  which  they 
are  secured  ;  in  the  center  of  this  bulkhead 
the  tube  for  the  propeller  (haft  is  perma- 
nently fixed.    Theshail  passes  right  through 
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the  buoyancy  chamber,  and  the  bearings  for 
it  are  made  thoroughly  water-tight  by  means 
of  asbestos  packing.  The  diving  rod  con- 
necting the  balance-chamber  mechanism  with 
the  rudders  r  and  r^  also  passes  through  this 
compartment. 

The  torpedo  is  fitted  with  four  rudders, 
two  vertical  (r  and  r'),  and  two  horizontal 
(«  and  8^);  the  purpose  of  the  latter,  which 
are  much  larger  than  the  vertical  rudders, 
is  to  keep  the  torpedo  at  its  proper  depth 
below  the  surface  of  the  water,  and  hence 
they  are  operated  by  the  mechanism  con- 
tained in  the  balance  chamber.  The  pitch 
of  both  propellers  is  the  same,  namely, 
three  feet ;  their  diameters  vary  slightly. 

A  torpedo  is  "fired**  from  a  tube,  com- 
monly called  the  torpedo  tube;  it  is  blown 
out  either  by  compressed  air  or  by  the  explo- 
sion of  a  small  charge  of  gunpowder,  the  air 
pressure  varjdng  from  300  to  600  pounds  per 
square  inch,  and  the  charge  of  powder  from 
4  to  4}  ounces.  The  mode  of  firing  a  torpedo 
by  means  of  submerged  tubes,  that  is,  from 
tubes  built  into  the  ship's  bow,  stern,  or 
side,  below  the  water-line,  is  quite  difficult 
and  complicated,  but  possesses  the  great 
advantage  of  reducing  to  a  minimum  the  risk 
of  the  torpedo's  being  hit,  before  it  leaves 
the  ship,  by  the  enemy's  shot  or  shell.  In 
a  close  naval  engagement,  the  use  of  above- 
water  tubes  is  exceedingly  dangerous,  for 
should  the  head  of  the  torpedo  be  struck,  the 
chances  are  that  the  destruction  intended 
for  the  enemy  would  be  visited  upon  the 
firing  vessel. 

The  apparatus  for  aiming  the  torpedo 
and  for  releasing  it  is  quite  as  ingenious  as  the 
torpedo  itself,  but  is  kept  a  profound  secret, 
the  naval  authorities  of  each  nation  taking 
the  greatest  care  not  to  allow  any  foreigner 
to  learn  anything  about  the  details  c>f  its 
construction. 

All  Whitehead  torpedoes  when  fired  from 
above-water  tubes,  as  in  Fig.  4,  jump  clear 
of  the  ship's  side  for  about  fifteen  feet, 
then  plunge  headforemost  into  the  water 
like  a  great  fish,  dive  to  a  depth  of  about 
twenty  feet,  then  immediately  shoot  up 
again  (by  reason  of  the  action  of  the  water 
valves  regulated  to  open  and  close  under 
certain  pressures),  then,  for  a  hundred 
yards  or  so,  pursue  a  slightly  undulating 
course,  and  finally  proceed  steadily  in  a 
plane  parallel  to  the  surface  of  the  water. 
The  torpedo  can  be  set  so  that  in  the  event 
of  its  not  striking  the  ship  aimed  at,  it  will 
stop  and  sink  at  the  end  of  its  range ;  or,  for 
experimental  purposes,  it  can  be  set  so  as  to 


stop  at  any  point  within  its  range,  rise  to  the 
surface,  and  float. 

Regu^ng  the  speed  and  range,  it  may  be 
mentioned  that  the  pattern  adopted  by 
Austria  is  claimed  to  have  a  speed  of  32 
knots  an  hour,  with  a  range  of  437  yards,  or 
of  30  knots  with  a  range  of  875  yards. 

The  secret  of  this  torpedo  was  purchased 
by  each  of  the  governments  of  Europe,  with 
one  exception,  for  some  $75,000.  The  excep- 
tion was  Turkey,  who  declined  to  buy  because 
during  the  Russo-Turkish  war  of  1878  two 
of  the  missiles  fell  into  the  possession  of  the 
Turkish  admiral,  Hobart  Pasha,  at  Batoum. 
The  secret  was  thus  at  the  mercy  of  the 
Turks,  and  the  manufactiurers  hastened  to 
crave  the  return  of  the  two  torpedoes,  a 
favor  which  was  granted  in  return  for  per- 
mission to  manufacture  the  weapon  with- 
out paying  royalty. 

The  average  cost  of  a  Whitehead  torpedo 
is  about  $1,500. 

An  Amerian  rival  of  the  Whitehead  is  the 
Howell,  adopted  by  the  United  States  Gov- 
ernment. It  was  invented  by  Captain  J.  A. 
Howell,  of  the  United  States  Navy,  and  is 
said  to  embody,  with  all  the  advantages  of 
the  Whitehead,  superior  directive  powers. 
By  some  naval  authorities,  however,  it  is 
pronounced  inferior  in  actual  running  and 
general  handiness.  Besides  those  mentioned, 
there  are  many  other  automobile  torpedoes, 
such  as  the  Peck,  the  Brennan,  the  Sims- 
Edison,  the  Maxim,  the  Lay,  and  the 
Nordenfelt,  but  space  does  not  permit  more 
than  their  mere  mention  here.  The  Lay 
(automobile)  is  especially  interesting  because 
it  was  employed  by  the  Peruvians  in  their 
war  with  Chile  in  1880,  in  which,  however,  it 
was  not  a  success,  owing  to  the  ignorance  of 
its  users.  The  peculiarity  of  the  Nordenfelt 
is  that  its  motive  power  is  self-contained 
electricity. 

The  simplest  of  all  torpedoes  \a  the 
"spar,"  which  consists  of  a  torpedo  fastened 
to  a  long  spar  rigged  out  from  the  bow  of  a 
fiteam  launch  or  other  suitable  vessel.  To 
use  it  the  launch  is  driven,  bow  on,  against 
the  side  of  the  hostile  ship,  contact  causing 
the  torpedo  to  explode.  The  difficulty  con- 
nected with  this  type  is  that  it  is  necessary 
for  the  operator  to  go  wherever  the  torpedo 
goes,  and  this  is  a  pretty  dangerous  business  ; 
in  fact,  nowadays  it  is  practically  impossible 
for  a  spar  torpedo  boat  to  steam  close  to  a 
wakeful  vessel,  coolly  point  the  nose  of  her 
torpedo  at  her  water-line  and  blow  her  u^  ; 
should  such  a  thing  be  attempted,  the  torpedo 
boat  would,  unless  the  whole  of  the  enemy's 
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crew  was  asleep,  be  met  with  an  overpower- 
ing storm  of  lead  and  steel  from  quick-firing 
and  machine  guns  and  would  stand  little  or 
no  chance  of  approaching  within  striking 
distance. 

Before  concluding,  it  may  be  fitting  to  say 
a  word  about  the  means  employed  to  protect 
ships  from  the  attack  of  torpedoes,  in  which 
connection  it  has  to  be  admitted  that  notliing 
really  eflective  has  yet  been  invented  or  is 
ever  likely  to  be.  The  only  means  hitherto 
employed  consists  of  a  strong  network  of 
wire  rope  or  chain,  suspended  from  booms 
so  as  to  completely  encompass  the  vessel. 
It  is  difficult,  however,  to  construct  a  netting 


that  cannot  be  broken  through  by  the  larger 
torpedoes  at  short  range,  especially  by  such 
as  are  fitted  with  "nippers," or  "cutters,** 
designed  for  the  very  purpose  of  cutting 
through  such  nets.  It  is  probable,  there- 
fore, that  the  best  and  surest  protection 
must  take  the  form  of  efficient  defense, 
which,  in  the  daytime,  consists  of  a  sharp 
lookout  and  the  ready  and  accurate  use  of 
rapid-fire  guns,  and  at  night  the  same  sup- 
plemented with  a  proper  use  of  powerful 
search  lights.  By  using  these  instruments 
with  care  and  precision  it  can  be  made 
almost  impossible  for  any  torpedo  craft  to 
creep  near  enough  to  do  any  harm. 
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Mrs.  Frederic  R.  Honey. 


The  Peace  (Conference. 


THE  world  was  taken  by  surprise  last 
summer  when,  on  August  24th,  the 
Czar  of  Russia  invited  the  ruling  powers 
to  participate  in  an  international  conference 
for  the  purpose  of  considering  the  best  means 
of  secinring  universal  peace.  The  circular, 
which  was  issued  simultaneously  to  the  for- 
eign representatives  accredited  to  the  court 
of  St.  Petersburg,  was  simple  in  form  and 
general  in  character.  It  was  the  expression 
of  the  kindly  impulses  and  the  earnest  con- 
victions of  a  sovereign  who  felt  that  there 
rested  on  him  a  heavy  burden  of  respon- 
sibility. It  was  worded  probably  by  the 
Russian  Minister  of  Foreign  Afiairs ;  but  the 
inspiring  idea  is  that  of  the  man,  the  young 
husband  and  father,  Nicholas  II,  rather  than 
of  the  statesman.  Count  Muravieff".  It  dwelt 
on  the  injuries^  suffered  by  the  countries  of 
Europe  on  account  of  their  ever-increasing 
armaments,  and  proposed  that  a  halt  should 
be  called  in  these  incessant  preparations  for 
war. 

A  few  months  elapsed.  It  became  known 
that  the  invitation  would  be  generally 
accepted,  and  the  subject  was  freely  dis- 
cussed by  the  press.  Public  sentiment 
appeared  to  be  in  favor  of  the  proposed 
conference ;  but  sober  second  thought 
revealed  the  difficulties  that  the  delegates 
must  encounter,  and  moderated  the  hopes 
which  had  been  kindled  by  the  announce- 
ment that  the  greatest  military  power  in 
the  world  sought  to  promote  peace.  In  the 
middle  of  January  the  Czar  issued  a  second 


circular,  in  which  the  writing  of  Count 
Muravieff  could  plainly  be  traced  between 
the  lines.  He  indicated  means  for  carrying 
out  the  original  idea,  now  somewhat  modi- 
fied, and  urged  the  necessity  for  putting  a 
stop  to  the  continually  increasing  armaments. 
This  time  he  had  more  specific  proposals  to 
make,  and  he  marked  out  the  limits  within 
which  official  discussion  was  to  be  confined. 
He  suggested  that  the  conference  should 
consider  eight  propositions,  which  resolve 
themselves  into  four  groups :  ( 1 )  that  for 
a  fixed  number  of  years  armed  military  and 
naval  forces  should  not  be  increased,  and 
that  the  aim  should  be  to  reduce  them ; 
(2,  3,  and  4)  that  the  use  of  new  weapons, 
ammunition,  explosives,  submarine  torpedo 
boats,  and  vessels  with  rams  should  be  pro- 
hibited or  restricted  ;  (5,  6,  and  7)  that 
the  laws  and  customs  of  military  and  naval 
warfare  should  be  rendered  more  humane  ; 
and  (8)  that  the  principle  of  arbitration 
should  be  accepted,  and  means  for  its  appli- 
cation should  be  considered.  He  concluded 
by  stating  that  all  questions  concerning  the 
political  relations  of  states,  as  at  present 
established  by  treaties,  must  be  **  absolutely 
excluded  '*  from  discussion.  It  was  thought 
best  that  the  conference  should  not  sit  in 
any  one  of  the  great  capitals  of  Europe, 
such  as  St.  Petersburg,  London,  Paris,  or 
Berlin ;  and  The  Hague,  the  capital  of  the 
young  queen  of  Holland,  has  been  appointed 
as  the  place  of  meeting.  It  is  expected  that 
the  invited  delegates,  28  or  30  in  number. 
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will  assemble  there  on  May  16th,  of  the 
current  year. 

What  will  they  do  ?   What  can  they  do  ? 

They  cannot  abolish  war,  nor  do  away 
with  the  necessity  for  armies,  which  are  the 
national  police,  prepared  to  check  breaches 
of  the  public  peace.  They  cannot  remove 
all  sources  of  national  irritation,  satisfy  all 
l^itimate  or  illegitimate  national  ambitions, 
or  quench  the  passions  of  jealousy  and 
revenge,  which  grow  as  lustily  in  the  national 
as  in  the  individual  heart.  They  can  and 
wUl  exert  a  powerful  moral  force  in  favor 
of  peace  and  good  will  among  nations ;  their 
presence  for  such  a  purpose  will  testify  to  the 
growing  spirit  of  mercy  and  justice ;  and 
some  practical  work  may  be  done  that  may 
diminish  the  causes,  the  chances,  and  the 
evils  of  war. 

A  consideration  of  Count  MuraviefTs  eight 
propositions  makes  it  evident  that  two  only 
are  of  crucial  importance,  namely,  the  first 
and  the  last.  The  second  group,  2,  3,  and  4, 
can  hardly  be  regarded  as  practical.  If 
armies  and  navies  are  to  exist,  it  cannot  be 
supposed  that  the  results  of  discoveries  and 
of  inventive  genius  will  be  neglected  in  con- 
nection with  their  equipment.  If  an  improve- 
ment can  be  devised  in  the  machine  gun,  it 
is  contrary  to  reason  and  to  the  progressive 
tendency  of  the  present  day  that  a  govern- 
ment should  replenish  its  stock  with  an 
article  become  61d-£uhioned,  which  will  do 
its  work  less  effectively  than  the  newer 
weapon.  France  is  making  costly  experi- 
ments with  submarine  torpedo  boats,  hoping 
thus  to  adjust  the  disproportion  between  her 
own  navy  and  that  of  Great  Britain  in  the 
event  of  war.  Will  she  see  her  labor  thrown 
away?  Or  will  other  countries  consent  to 
see  her  possessed  of  a  means  of  attack  of 
which  they  may  not  avail  themselves?  If 
the  submarine  torpedo  boat  is  to  be  ruled  out, 
why  not  also  the  torpedo  itself,  which,  when 
new,  was  ranked  with  the  concealed  weapon 
of  the  assassin  ? 

There  are  not  likely  to  be  great  differences 
of  opinion  with  regard  to  the  third  group, 
5,  6,  and  7,  which  only  extends  the  sphere 
of  established  regulations ;  and  progress  will- 
probably  be  made  in  this  direction.  Weapons 
have  become  more  deadly,  and  slaughter  in 
war  more  wholesale ;  but  civilized  nations 
respect  the  Red  Cross  Society,  and  wounded 
friend  and  foe  receive  care  and  kindness 
alike. 

The  vital  points  suggested  for  discussion 
are  disarmament  and  arbitration. 

The    proposal    for    disarmament    comes 


strangely  from  the  so-called  autocratic  ruler 
of  the  greatest  military  power  in  the  world. 

The  Russian  Empire  is  described  as  lying 
"within  a  ring  fence,  which  has  v^y  few 
gateways.''  She  has  an  army  of  more  than 
3,000,000  men,  and  a  rapidly  increasing 
navy.  During  the  months  that  have  passed 
since  the  Czar's  first  circular  was  issued, 
military  preparations  in  Russia  have  been 
pushed  forward  with  feverish  activity,  and 
many  new  recruits  have  been  enrolled.  le 
it  possible  that  this  enormous  force  is  main- 
tained for  purposes  of  defense  and  of  internal 
order?  Or  is  it  being  enlarged  only  in  order 
to  retain  its  present  superiority  over  the 
growing  armies  of  other  European  coun- 
tries? Its  existence  is  a  standing  menace 
to  all  countries  that  come  in  contact  with 
Russia  in  Europe  or  in  Asia,  and  goes  for  to 
justify  the  maintenance  of  large  armies  among 
her  neighbors.  During  the  past  thirty  yean 
she  has  gathered  in  territory  from  the  east 
and  from  the  south  with  both  hands,  and 
with  an  eagerness  beside  which  John  Bull's 
traditional  land  hunger  is  moderation  itaelf ! 
And  her  statesmen  announce  their  belief  in 
her  destiny  as  the  future  ruler  of  the  whole 
of  Asia.  The  most  effective  proposal  of  peace 
on  the  part  of  Russia  would  be  a  cessation  of 
the  military  preparations  that  can  suggest 
only  a  future  policy  of  aggression  correspond- 
ing to  that  of  the  past  Example  is  better 
than  precept. 

No  shadow  of  doubt  has  been  thrown  on 
the  sincerity  of  the  Czar  ;  but,  nominal  auto- 
crat though  he  may  be,  he  acts  through  and 
with  the  advice  of  his  ministers,  whose  duty 
it  is  to  advance  the  interests  of  their  country. 
If  they  believe  in  the  policy  of  expansion, 
rather  than  in  the  consolidation,  the  develop- 
ment, and  the  enrichment  of  their  enormous 
empire,  they  will  endeavor  to  use  the  wishes 
of  their  imperial  master  for  the  accomplish- 
ment of  their  own  ends.  If  the  Powers  were 
pledged  to  a  ten  years'  peace,  during  which 
time  armaments  and  consequent  military 
taxation  should  receive  no  addition  and 
might  be  diminished,  how  the  resources  of 
Russia  would  increase,  as  her  tax-paying 
classes  became  more  prosperous  ;  what  sums 
the  government  might  expend  on  ship 
canals,  on  docks,  on  the  merchant  marine, 
on  railways  already  projected  to  the  east 
and  south,  which,  at  the  end  of  the  term, 
would  control  China  and  the  approaches  to 
India !  Railways  and  other  industrial  works 
promote  the  arts  of  peace,  but  they  are 
also  most  important  factors  in  war. 

It   has   been   proposed  that  all    armiee 
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should  be  proportionately  reduced.  But 
who  shall  decide  the  scale  of  the  reduc- 
tion? who  weigh  the  comparative  value  of 
the  respective  forces,  and  the  needs  of 
the  various  nations?  Great  Britain  has  to 
protect  more  than  four-fifths  of  the  world's 
commerce,  and  has  colonies  in  every  quarter 
of  the  globe;  what  proportion  shall  her 
navy  bear  to  that  of  Russia  or  of  Grermany, 
with  their  limited  coast  line  ?  or  to  that  of 
France,  with  her  small  merchant  marine? 
Shall  armies  be  proportioned  to  the  size  of 
the  home  population,  or  shall  colonists  and 
subject  peoples  be  reckoned  also?  Shall 
the  bone  and  sinew  of  the  races  be  taken 
into  consideration,  and  one  gigantic  Pomer- 
anian or  one  British  grenadier  be  accounted 
equal  to  two  Italians  or  to  three  Chinese? 
Shall  the  size  of  the  remodeled  armies  cor- 
respond to  those  already  existing  ?  Where, 
then,  would  the  United  States  come  in,  with 
her  few  troops,  barely  sufficient  to  police 
her  home  population,  yet  now  reluctantly 
assuming  the  share  of  *Hhe  white  man's 
burden"  which  circumstances  have  forced 
upon  her?  Is  she  to  be  debarred  from 
increasing  her  forces? 

In  the  direction  of  arbitration,  more  than 
in  any  other,  it  is  believed  that  good  results 
may  ensue  from  the  proposed  conference. 
Count  Muravieff,  speaking  for  the  Czar, 
qualifies  his  suggestions  about  arbitration 
by  a  very  important  phrase :  *'  the  employ- 
ment of  arbitration  in  cases  lending  them- 
$dve8  thereto.^*  What  room  is  here  for  dif- 
ferences of  opinion !  What  tribunal  is  to 
decide  whether  or  not  a  case  does  not  lend 
itself  to  arbitration?  To  lookers-on  the  quar- 
rel between  the  United  States  and  Spain  was 


preeminently  one  that  might  have  been 
settled  by  arbitration.  America  demanded 
aloud  justice  for  oppressed  and  mismanaged 
Spanish  subjects  in  Cuba ;  deep  down  in  her 
heart  she  vowed  that  Spain  should  **  remem- 
ber the  Maine ! "  and  although  arbitration  is 
in  line  with  American  history  and  methods, 
she  refused  it,  and  in  face  of  a  strongly  pro- 
testing minority  she  imperatively  demanded 
war.  Nor  would  any  international  tribunal, 
however  highly  esteemed,  have  been  allowed 
to  decide  for  Great  Britain  and  France  the 
threatened  quarrel  over  the  Fashoda  inci- 
dent at  the  end  of  the  recent  war  in  the 
Sudan. 

While  human  passions  and  national  rival- 
ries exist,  it  is  beyond  conception  that  a 
court  of  arbitrators  can  be  entirely  trusted 
as  disinterested,  unbiased,  and  fair  in  all  its 
decisions.  Some  controversies  can  be  settled 
only  by  war ;  but  if  all  will  agree  that  inter- 
national difierences  must  first  be  brought 
before  a  court  of  arbitration,  even  though 
that  court  be  not  clothed  with  power  to 
enforce  its  decrees,  the  pause  necessary  for 
its  work  will  sober  the  passions  of  a  people, 
and  give  them  time  to  refiect  on  the  terrible 
results  of  modem  warfare  as  regards  both 
life  and  property.  More  cannot  be  expected 
until  the  idea  of  arbitration  has  become  part 
of  the  established  order  of  things.  And  per- 
haps more  cannot  yet  be  desired ;  for  such 
a  court,  endowed  with  coercive  power,  would 
hold  the  destiny  of  the  nations,  especially  of 
the  smaller  and  weaker  ones,  in  the  hollow 
of  its  hand.  In  short,  it  would  partake  of 
the  nature  of  a  gigantic  trust,  to  the  detri- 
ment of  self-government,  which  should  be 
an  inalienable  right. 


STEPPING  STONES  IN  THE  ART  OF  COOKING. 


Mrs.  Henry  Esmond. 


Step  IV  :    The  Making  and  Baking  op  Cakes. 


IN  THE  first  three  steps  of  this  series  of 
lessons,  we  discussed  what  are,  broadly 
speaking,  the  three  principal  and  funda- 
mental methods  of  cooking  foods,  regardless 
of  all  special  preparation  of  the  food  itself. 
In  this  lesson  we  will  take  up  the  subject 
of  preparing  and  baking  cakes. 

Cake  is  a  mixture  of  some  of  the  following 
materials:  eggs,  butter,  sugar,  flour,  spices, 
milk,  vrater,  baking  powder,  chocolate,  or 
fruit.     Many  cakes  to  which  diflerent  names 


are  given  are  in  reality  the  same  except  for 
the  flavorings,  but  there  are  two  distinct 
binds  of  cake,  namely,  sponge  cakes  and 
pound  cakes ;  the  latter  are  made  tvith 
butter,  the  former  without. 

To  be  successful  in  the  art  of  cake  baking, 
it  is  necessary  to  thoroughly  understand  the 
regulating  of  the  fire  and  oven  ;  for  instance, 
it  is  no  use  attempting  to  bake  a  cake  just 
after  the  fire  has  been  filled  up  with  fresh 
coal,  or  when  it  is  getting  low  ;  the  fire  must 


174 


STEPPING  STONES  IN  THE  ART  OF  COOKING. 


be  in  a  condition  to  last  undisturbed  through- 
out the  time  required  for  the  baking.  The 
heat  of  the  oven  should  be  moderate — so 
that  you  can  bear  your  hand  in  it — otherwise 
the  cake  will  be  burned  on  top,  and  remain 
uncooked  inside. 

The  time  required  for  the  baking  varies 
with  the  kind  and  size  of  cake ;  layer  cakes 
and  cup  cakes  require  15  minutes,  in  a  rather 
hot  oven  ;  loaf  cakes  requires  from  30  minutes 
to  3  hours,  according  to  thickness,  but  the 
oven  should  not  be  quite  so  hot. 

When  making  cake,  try  always  to  make  it 
light ;  this  is  done  by  beating  in  as  much  air 
as  possible.  Sift  the  flour  several  times,  to 
loosen  and  lighten  it,  and  beat  the  eggs 
until  filled  with  air  and  quite  stiflf.  Mix 
the  ingredients  with  care  so  as  not  to  break 
the  air  bubbles,  otherwise  the  air— or  some  of 
it — will  escape,  and  the  cake  will  not  be  as 
light  as  it  should  be.  Where  the  mixture 
contains  few  eggs,  use  baking  powder  to 
make  the  cake  rise. 

To  commence  the  baking,  place  the  cake  at 
the  bottom  of  the  oven,  where  the  heat  is  less 
than  at  the  top.  As  the  mixture  becomes 
heated,  the  air  in  it  expands  and  the  moisture 
it  contains  is  turned  to  steam  ;  both  of  these, 
in  trying  to  escape,  push  against  the  walls  of 
the  little  cells  inside,  and  the  cake  rises. 
Now,  if  the  heat  of  the  oven  is  not  too  great, 
these  walls  will  become  set,  and  the  air  and 
steam  will  escape  very  gradually  through  the 
top  of  the  cake,  leaving  it  light  and  spongy  ; 
but  if  the  oven  is  too  hot,  the  top  will  become 
brown  and  hard,  sealing  up  the  inside  of  the 
cake,  and  the  air  and  steam  will  be  unable  to 
escape ;  the  walls  of  the  cells  will  then  remain 
moist,  and  the  top  of  the  cake,  being  heavy 
and  hard,  will  fall  in  and  the  cake  will  be 
spoiled.  A  cake  should  not  be  baked  so  long 
that  the  inside  becomes  perfectly  dry  ;  a  very 
good  way  to  find  out  if  the  inside  is  done  is 
to  stick  into  the  thickest  part  a  broom  straw 
or  wire  skewer ;  if  dry  when  removed,  the 
cake  is  done. 

In  baking  loaf  cake,  divide  the  time 
required  into  four  parts,  and  look  at  the  cake 
at  the  end  of  each  part.  Always  open  the 
door  of  the  oven  very  gently,  because  any 
violent  jar  or  vibration  will  make  the  cake 
fall.  At  the  end  of  the  first  quarter  the  cake 
should  have  begun  to  rise  around  the  edge, 
but  should  not  be  brown  on  top  at  all.  The 
next  time  it  is  looked  at,  it  should  have  risen 
well  around  the  edge  and  be  just  beginning 
to  brown  at  the  center.  During  the  last  half 
of  the  time,  it  should  become  a  golden  brown 


all  over  and  should  shrink  a  little  from. the 
sides  of  the  pan. 

Sponge  cake  is  made  almost  entirely  of 
eggs;  these  should  be  perfectly  fresh  and 
cool,  or  they  will  not  beat  up  stiff.  The  yolks 
and  whites  should  be  beaten  separately. 
Beat  the  yolks  of  5  eggs  until  they  are  thick 
and  creamy ;  add  1  cup  of  fine  granulated 
sugar,  beat  again  and  add  the  juice  of  half  a 
lemon.  Add  to  this  1  cup  of  sifted  pastry 
flour  and,  last  of  all,  fold  in  the  whites  of  the 
eggs  which  have  just  been  beaten  until  very 
stifi".  This  folding  is  done  by  cutting  through 
the  middle  of  the  mixture  and  passing  the 
spoon  along  the  bottom  of  the  bowl,  bringing 
it  up  at  the  side  and  folding  in  the  contents 
just  as  you  do  the  whites  of  the  eggs  in  an 
omelet.  Repeat  this  until  all  the  whites  are 
mixed  in,  but  be  careful  not  to  break  the  air 
bubbles.  Bake  in  a  deep  pan  for  1  hour,  and 
when  done  turn  the  pan  upside  down  on  a 
wire  tray  and  leave  to  cool.  Should  the 
cake  be  removed  from  the  pan  before  it  has 
cooled,  and  be  set  right  side  up,  the  top, 
being  heavy,  would  naturally  fall  in  and 
make  the  cake  soggy. 

In  making  butter  cake,  fewer  eggs  are  used 
and  the  cake  is  more  solid  and  richer,  though 
not  for  this  reason  heavy,  if  much  butter  is 
to  be  used,  it  is  advisable  to  wash  out  the 
salt,  as  salt  will  make  the  cake  fall.  Have 
the  bowl  slightly  warm,  and  with  a  wooden 
or  silver  spoon  beat  the  butter  until  light 
and  creamy  ;  then  add  the  sugar  and  beat 
again  until  almost  white.  Beat  the  whites 
and  the  yolks  of  the  eggs  separately ;  add 
the  yolks  to  the  sugar  and  then  beat  again. 
Sift  and  measure  the  flour  and  add  the  baking 
powder  (allowing  1  teaspoonful  to  every 
cup  of  flour) ;  put  the  flour  and  the  baking 
powder  into  the  sifter  and  sift  part  into  the 
first  mixture ;  add  a  little  milk,  then  more 
flour,  and  fold  this  in  carefully.  Never  beat 
cake  after  adding  flour,  as  it  will  make  it  too 
solid  and  close-grained.  When  all  the  milk 
and  flour  have  been  put  in,  add  the  flavoring 
and,  last  of  all,  the  whites  of  the  eggs,  just 
beaten  stiff;  fold  them  in  carefully,  and 
bake  in  any  desired  'shape.  If  fruit  is  to  be 
used,  sift  a  little  flour  over  it  before  mixing 
with  the  other  ingredients,  as  otherwise  it  is 
apt  to  stick  together  and  sink  to  the  bottom 
of  the  cake.  When  making  a  spice  cake  of 
any  kind,  mix  the  spices  with  the  flour  and 
baking  powder;  then  they  will  be  evenly 
distributed.  It  is  always  best  to  line  the 
pan  with  paper ;  there  is  then  no  danger  of 
the  bottom  of  the  cake  burning. 
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A  MARKINQ-OUT  SCHEME. 


FOR  CORE  VENTING. 


W.  a,  Providence,  R.  I. 

In  Fig.  1,  a  is  a  ring  in  which  there  are 
six  holes  which  do  not  go  through ;  to  mark 
out  plate  b  so  that  when  drilled  the  holes  in 
it  will  be  fair  with  those  in  a,  proceed  as 
follows :  Fit  a  piece  into  the  center  hole  of 
the  drill  table,  and  into  this  drill  a  hole  to 
receive  pin  P,  Fig.  2,  the  same  diameter  as 
the  holes  in  a.    Now  clamp  a  and  b  together, 


Pio.  2 


with  the  holes  in  a  outwards,  and,  as  shown 
in  Fig.  2,  place  upon  the  drill  table  with  a 
hole  over  pin  P ;  then,  with  a  center  punch 
in  the  drill  chuck,  come  down  on  6  and  thus 
noark  the  centers  of  the  six  holes ;  mark  out 
in  the  usual  manner,  and  drill.  It  is,  of 
coorae,  important  that  the  drill  table  be 
securely  clamped  in  position  before  drilling 
the  hole  for  pin  P,  and  not  disturbed  before 
all  the  required  centers  have  been  marked. 


Ed.  J.  Roy,  Belleville,  Out. 

For  small  cores  I  know  of  nothing  better 
than  the  scheme  shown  in  the  accompanying 
sketches.  The  core  shown  at  (6)  and  (c) 
is  so  small  and  delicate  that  it  is  almost 
impossible  to  vent  it  in  the  ordinary  way, 
but  as  I  go  about  it,  it  is  a  simple  matter.^  I 
make  a  small  tin  pan,  as  shown  at  (a),  about 
4  in.  X  2  in.  X  IJ  in.  deep.  Near  the  bottom 
of  this  pan  I  fix  a  small  cross-bar,  leaving  just 
enough  space  between  it  and  the  bottom  to 
allow  a  coarse  string  or  cord  to  pass.  After 
placing  the  string  in  position,  I  fill  the  pan 
with  wax,  melt  it,  and  draw  the  string 
through  ;  the  waxed  string  quickly  cools,  and 
I  cut  it  into  the  desired  lengths  and  use  it 
just  as  ordinary  core  wires  are  used.    When 


(c) 


the  cores  have  been  baked,  the  strings  are 
easily  withdrawn,  and  they  leave  fine,  clean 
vent  holes.  Cores  that  are  vented  in  this 
manner  can  often  be  made  solid,  when  other- 
wise they  would  have  to  be  made  in  halves 
and  afterwards  pasted  together. 

A  HYDRO-PNEUMATIC  VALVE. 


S.  Edward  BeeUr,  AUoona,  Pa. 

The  valve  illustrated  herewith  is  designed 
to  use  in  connection  with  elevators  operated 
by  compressed  air.  The  pressure  is  trans- 
mitted to  the  lifting  piston  by  water,  thus 
obviating  the  necessity  of  a  lock  on  the 
elevator,  as  water  does  not  spring  when  the 
load  is  removed,  as  is  the  case  when  air 
alone  is  used.  In  connection  with  this 
valve,  it  is  necessary  to  use  an  accumulator 
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which  the  compressed  air  transmits  from  a  wiadow  behind  bim,  be  will  l>e  sur- 

}  the  water ;  this  tank  must  prised  at  the  additional  amount  of  light  he 

hold  more  than  enough  water  to  fill  the  gets ;    but  if  he  usea  a  mirror  glaaa,  the 

cylinder,  as  well  eis  all  connecting  pipes.   The  improvement    will    be    still    greater.    My 

action  of  the  valve  is  as  follows :    When  the  "reflector,"  as  I  call  the  whole  thing,  is  made 

handle  is  in  the  position  shown,  the  air  passes  of  cardboard  bent  so  as  to  form  a  triangular 

through  ^  .4  to  the  top  of  the  accumulator  box  ab  e;  the  mirror  is  secured  to  side  a c, 

tank,  and  forces  water  through  BB  to  the  and  inside  the  box,  on  the  base  c  b,  a  piece  of 


lifting  cylinder.  To  lower  the  elevator,  the 
handle  ia  moved  through  an  angle  of  67°;  in 
the  new  position  the  air  is  cut  off  from  the 
air  supply,  but  the  air  over  the  water  in  the 
accumulator  tank  is  free  to  escape  through 
port  C,  and  the  water  in  the  lifting  cylinder 
drains  back  to  the  accumulator  tank  through 
DD,  which  ia  then  in  line  with  SB.  To 
stop  and  to  hold  the  elevator  in  any  position, 
the  handle  is  placed  at  half  throw ;  this 
cloees  all  the  ports,  so  that  no  water  can  get 
either  to  or  from  the  lifting  cylinder. 

TO  UAKE  THE  DARK  SIDE  BRIOHT. 


sheet  lead  is  fast«ned  to  weight  the  whole 
thing  down  and  prevent  it  from  toppling 
over.  The  angle  that  the  mirror  should 
make  with  the  drawing  sur&ce  must  be 
determined  by  trial ;  mine  is  about  ss  ahown. 


Theo.  P.  Pcrkia 
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We  are  OKTBNadvised  tolookonthebright 
Bide  of  things,  but  sometimes  it  is  far  from 
easy  to  do  it.  Take  the  case  of  a  draftsman 
that  works  at  a  table  lighted  from  one  side 
only;  it  is  sometimes  painfully  nei^esxary  for 
him  to  look  on  tlie  dark  side  of  the  T  square 
scale  or  triangle,  and  the  darkness  or  semi- 
darknesshe  finds  thereis  very  annoying.  The 
enclosed  sketch  shows  how  he  may  brighten 
these  dark  sides,  by  means  of  the  little  device 
shown  at  A.  The  thing  may  be  done  in 
various  ways ;  if  the  reader  wilt  take  a  white 
card  and  hold  it  so  as  to  reflect  the  light 


A  mechanic  will  no  doubt  make  a  macb 
better  and  more  durable  device  than  this,  but 
the  principle  will  be  the  same. 

A  USEFUL  LATHE  TOOL. 

Preniiix.  Canada. 

Encouraoed  by  the  acceptance  of  my  last 
"good  scheme,"  I  herewith  submttadraw- 
ing  of  what  I  have  found  to  be  a  very  nsefiil 
little  tool.  I  know  it  appears  simple,  but  I 
know,  too,  by  actnal  experience,  that  it  ia  a 
great  time  saver,  and  even  the  oldest  turoerB 
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I  have  worked  with  have  never  seen  one 
sunilar,  and  they  fully  appreciate  it.  I  use 
it  mostly  on  brasswork  and  cast  iron  in  bor- 
ing, and  for  threading  and  for  facing  both 

faces  of  the 
holes.  The  tool 
a  is  made  of 
i-inch  square 
steel,  and  is 
'secured  to  the 
boring  bar  in  the 
manner  shown. 
In  threading 
1  i-inch  elbows  I  did  thirty- four — faced, 
bored,  and  threaded — without  taking  the 
tool  out  of  the  rest.  I  believe  there  are  many 
turners  that  would  be  glad  to  try  it,  and  I 
am  sure  they  will  find  it  useful. 

RIGHT  BOWER. 


INEXPENSIVE  INSIDE  MEASURING  TOOL. 


an  aMUMf. 


S.  K.'Kirbii. 

I  BNCL08E  a  little  drawing  instrument  I 
have  had  made  that  I  have  christened 
"Right  Bower."  (The  iUustration  is  half 
8ize ;  the  thing  itself  is  3  inches  square,  is 
made  of  celluloid,  about  ^V  ^^^^  thick  ;  the 
45^  triangle  is  cut  out ;  the  small  circles 
at  the  comere  of  the  hexagon,  etc.  are  holes 
just  large  enough  to  prick  through  with  the 
point  of  a  sharp  pencil. )  It  is  intended  to 
be  of  assistance  to  the  draftsman  when 
working  up  little  details  on  small  drawings, 
instead  of  using  T  square,  triangles,  etc.  The 
edges  being  graduated,  it  takes  the  place  of 
a  scale  for  small  work.    By  means  of  the 

small  holes,  circles 

"'"''•  ">^  can  be  divided  into 
3,  ft,  6,  8, 10.  12, 16, 
etc.  parts,  and  vari- 
ous shapes  can  be 
laid  out.  In  sketch- 
ing, it  is  a  great 
-|  help,  for  it  fulfils 
:  the  purposes  of  T 
3  square,  set- square, 
45**  triangle,  and 
scale,  and  the  more 
one  uses  it  the  more  one  finds  out  can  be 
done  with  it.  Its  size  is  very  convenient, 
being  just  right  to  carry  in  the  vest  pocket. 
With  the  **  Right  Bower,"  a  small  pair  of 
compasses,  and  a  lead  pencil,  almost  any 
small  detail  can  be  accurately  laid  out,  with- 
out the  help  of  either  a  drawing  board,  T 
square  or  any  other  instrument.  I  think  it 
I»*obab]e  that  a  larger  size,  say  6  inches 
iK)tiare,  might  be  preferred  by  some. 


8.  B.  Bragg,  Providence,  R.  I. 

Enclosed  sketch  represents  a  simple,  inex- 
pensive, inside  measuring  tool  that  I  think 
will  find  favor  with  some  of  the  readers  of 
Good  Schemes.  The  main  part  D  I  call 
the  holder;  it  is  i  inch  in  diameter  and  1^ 
inches  long ;  at  one  end  it  carries  a  hard- 
ened point  py  and  at  the  other  any  one  of  a 
set  of  rods,  of  which  No.  1  is  shown  in  posi- 
tion ;  it  is  drilled  and  threaded  its  whole 
length,  and  allows  the  rod  H  ^^  ^^  i^^^  ^^^ 
movement.  E  is  a  check-nut,  which,  after 
the  rod  has  been  set  to  the  required  length, 
is  screwed  up  tightly  against  />.  F  is  a 
collar  that  fits  every  rod  ;  its  purpose  is  to 
assist  in  turning  the  rod,  and  it  is  fixed  in 
position  by  the  knurled-headed  scrjBW  B. 
C  is  a  handle  that  may  be  screwed  into  D 
in  place  of  A  when  it  is  desired  to  measure 
the  diameter  of  a  long,  small  hole.    The  table 


H 


shows  the  number  and  sizes  of  the  rods  in 
my  set,  together  with  the  lengths  that  can 
be  measured.  The  rods  are  ^'^  i^ch  in 
diameter. 


I      Number 

of 
{  Rod. 

I 

0 

!  1 

■|  2 

I  '^ 

!  •* 

5 

6 

7 

8 

'  9 

10 

II 

12 


Length  of 

Rod. 

Inches. 


2A 

m 


718 

8« 


Length 

Measures. 

Inches. 


4    -4H 
4H-5i 

6Ar6J 
6J-7/, 

7t^.-  8  i 
Hit-  9^ 


A  BALL-BEARING  BELT-SHIPTER. 

J.  R.  Sichi>lH,  Lachbie  Lf)ck,  Que. 

The  belt  shifter  illustrated  in  the  accom- 
panying drawing  is  the  invention  of  Mr. 
Charles  Dawson  and  Mr.  Kli  Addler,  of  The 
Dominion  Bridge  Co.     They  have  given  me 
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permission   to   describe  it   for   your  Good 
Schemes  columns. 

It  is  necessary  in  bridge  shops  to  have  a 
great  deal  of  headroom,  and  this  makes  the 
belts  that  drive  the  machines  very  long.  It 
was  found  that  a  considerable  saving  was 
effected  in  the  belt  account  if  cotton  was  used 
instead  of  leather,  but  it  was  soon  discovered 
that  the  cotton  belts  were  <juickly  frayed  at 
the  edges  by  the  belt  shifters  ;  especially  was 
this  the  case  on  planers  and  other  machines, 
where  the  belts  were  frequently  shifted  from 


h'^?j'A^^Ai*i^.^^.^:i*z\^:^^ 


BLUEPRINT  EXPOSURES. 

Wm.  P.  Morrufon,  Halifax,  X.  S. 

In  making  blueprints  it  is  very  difficult  for 
a  beginner  to  tell  when  the  paper  has  been 
exposed  long  enough.  It  is  also  hard  for  any 
one  who  has  not  made  any  prints  for  eome 
time  to  tell  by  the  change  in  the  color  of  the 
paper  when  the  first  print  is  finished  ;  and 
even  to  those  who  are  well  up  in  the  art  it  is 
not  an  easy  matter,  when  making  a  number 
of  prints,  to  get  them  all  of  the  pame  shade  of 


one  pulley  to  another.  To  prevent  this  ex- 
cessive wear  on  the  edges  of  the  belts,  the 
gentlemen  referred  to  designed  the  ball- 
bearing shifter  shown.  In  both  figures,  6  is 
the  belt,  and  the  construction  of  the  forks  is 
clearly  shown  in  the  sectional  view  of  one  of 
them.  We  have  this  shifter  in  use  in  all 
parts  of  the  shop ;  it  works  splendidly,  and 
now  instead  of  the  belts  fraying,  the  edges 
are  soon  rolled  smooth  and  are  in  better 
condition  after  being  in  use  three  months 
than  when  they  are  first  put  on.  It  is  just 
as  good  for  leather  belts  too,  there  being  no 
sign  of  edge  wear  on  a  planer  belt  after  being 
in  constant  use  for  six  months.  The  shifter 
is  rather  expensive,  of  course,  but  the 
saving  in  the  belt  account  soon  exceeds  the 
extra  first  cost. 


blue.  For  the  benefit  of  those  who  may  be 
thus  situated,  I  would  like  to  suggest  the  fol- 
lowing scheme,  which  I  have  often  employed 
with  success.  I  do  not  claim  that  the  scheme 
is  a  new  one,  but,  so  far  as  I  am  concerned, 
it  is  original. 

Gret  a  small  frame,  such  as  those  used  by 
photograpihers,  about  3  in.  X  5  in.  ( no  descrip- 
tion of  this  frame  is  necessary),  cut  a  piece  of 
tracing  cloth  the  size  of  the  frame,  and  on 
the  cloth  draw  a  number  of  lines  with  India 
ink  i,  ^,  Sf  4,  etc.  When  you  put  your  pax>er 
in  the  large  frame  to  be  printed,  put  also  a 
number  of  pieces  of  blueprint  paper  in  the 
small  frame,  one  piece  under  each  line  on  the 
tracing  cloth.  Expose  the  prints  in  both 
frames  to  the  sun  at  the  same  time.  Have  a 
dish  of  water  handy,  and  from  time  to  time 
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open  the  back  of  the  small  frame,  take  out 
one  of  the  pieces  of  blueprint  paper  and 
wash  it.  As  soon  as  you  get  a  piece  that 
when  washed  is  a  dark  blue  with  a  clean, 
white  line,  then  you  know  that  your  print  is 
finished.  When  making  more  prints,  go 
through  the  same  process.  In  order  to  get 
all  the  prints  of  the  same  shade,  leave  the 
strips  of  test  blueprint  paper  in  the  dish  of 
water  (the  reason  for  leaving  the  paper  in 
the  water  is  because  the  color  changes  when 
dry),  and  when  making  other  prints  keep 
trying  your  test  strips  until  you  get  one  of 
the  same  shade  as  your  test  strip  in  the  dish 
of  water.  There  is  a  black  process  paper, 
which  is  now  coming  a  good  deal  into  use. 
It  is  exposed  to  the  sun  and  washed  in  water 
the  same  as  the  blueprint.  When  making 
black  prints  put  strips  of  black  process  paper 
in  your  small  frame. 

I  hope  that  some  one  will  find  the  scheme 
ueefcd. 

[The  scheme  mentioned  above  is  an  old 
one,  and  we  publish  it  only  that  we  may 
comment  on  it  We  have  used  both  methods, 
and  feel  competent  to  express  an  opinion  as 
to  their  merits.  The  method  of  time  expo- 
sure is  very  much  harder  to  learn  and  very 


paper  used,  whether  it  is  fresh  or  old,  and 
whether  it  is  boughten  or  prepared.  All 
the  above  and  much  more  will  affect  the 
length  of  time  that  a  print  should  be  exposed. 
In  order  to  judge  by  color,  however,  it  makes 
no  difference  what  the  character  of  the  day 
is,  whether  it  is  light  or  cloudy,  or  what; 
and  one  can  soon  become  very  expert  in 
taking  prints  by  this  method. — Ed.] 

DRAPTINQ-ROOM  LUXURIES. 


W.  H.  W.,  Toledo,  Ohio. 

Herewith  I  send  you  a  couple  of  "  drafting- 
room  luxuries, "  which  I  think  may  do  for 
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Fig.  1. 


much  less  satisfactory  than  the  method  of 
judging  by  color.  When  printing  by  time 
exposure,  the  conditions  are  seldom  the 
same,  except  in  the  summer  time,  and  long 
practice  is  necessary  in  order  to  judge  when 
the  print  has  been  exposed  long  enough. 
The  reflection  of  light  from  buildings,  from 
the  ground,  or  from  the  snow  in  winter, 
will  all  exert  their  effects  on  the  length  of 
time  that  the  print  must  be  exposed.  If 
the  weather  is  slightly  cloudy,  this  will  also 
have  its  effect,  and  the  time  will  vary 
according  to  the  clearness  of  the  sky,  accord- 
ing to  the  angle  at  which  the  light  strikes 
the  paper,  and  to  numerous  other  causes, 
which  can  only  be  discovered  after  long 
practice.  Then,  too,  the  person  taking  the 
print  must  be  in  constant  practice,  or  eUe 
he  will  forget  The  length  of  time  that  the 
print  must  be  exposed  also  depends  on  the 


Fig.  2. 

your  Good  Schemes  columns.  Fig.  1  shows 
a  drawing-board  extension  that  was  designed 
by  the  former  head  draftsman  of  this  office.  It 
consists  of  a  brass  casting  A,  clamped  to  the 
board  by  the  setscrew  By  and  holding  the 
wooden  bar  C,  which  is  of  any  desired  length. 
The  drawing  illustrates  one  of  the  uses  of 
the  instrument;   another  is  to  locate  the 

vanishing  point  in  a  per- 
spective drawing.  Fig.  2 
shows  an  adjustable  curve, 
which,  although  rarely  seen 
iP  outside  of  ship-drafting 
rooms,  ought  to  become  a 
favorite  with  every  drafts- 
man. The  small  brass 
castings  a  are  made  to  slip 
over  the  ends  of  the  bar  h 
and  to  loosely  hold  the  wand 
(f,  which  is  then  pushed  into  the  desired 
curve  by  the  adjusting  screw  c.  In  this  office 
we  have  bars  and  wands  of  several  lengths, 
all  fitting  the  same  set  of  castings  and  adjust- 
ing screw.  By  this  means  we  are  able  to  draw 
curves  of  different  depths,  using  the  longer 
wands  for  the  shallower  curves.  The  bars 
are  of  pine  and  were  made  by  one  of  the 
patternmakers. 

CALIPER  SETTING. 

Prentice,  Canada. 


The  scheme  described  by  C.  C.  in  the 
March  number  is  good,  but  I  think  the 
handiest  way  to  use  the  paper  is  to  lay  it 
on  the  piece  to  be  measured  ( in  the  hole  or  on 
the  shaft,  as  the  case  may  be)  and  thus 
make  the  allowance  for  the  desired  kind  of 
fit  while  calipering,  instead  of  afterwards, 
as  by  his  method. 
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ONB-HALP-HORSfiPOWBR  BNQINfi  FOR 

AMATEURS. 

B.  R.  Wicks,  of  Bridgeport,  Conn.,  offers 
complete  sets  of  castings,  steel  parts,  and 
screws  with  one  set  of  blueprint  working 
drawings  of  the  Wicks  J-horsepower  high- 
speed,   slide-valve,    side-crank,    horizontal 


^ 
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engine.  This  would  appear  to  be  an  excel- 
lent opportunity  for  the  amateur  that  wishes 
to  build  a  small  engine  for  his  own  use.  The 
general  design  of  the  engine  is  shown  in 
the  plan  view  and  side  elevation  in  Fig.  1, 
and  one  sheet  of  the  detail  drawings  is 
reproduced  in  Fig.  2 ;  actual  size  of  sheet, 
inside  the  marginal  line,  is  19  in.  X  12^  in. 
Mr.  Wicks  will  also  supply  the  drawings 
alone. 

INJECTORS. 

We  have  received  the  catalogue  of  the 
American  Injector  Company,  corner  Con- 
gress and  Seventh  Streets,  Detroit,  Mich. 
In  addition  to  a  full  description  of  the  various 
goods  manufactured  by  them,  a  great  deal  of 
valuable  information  about  the  operation 
and  management  of  injectors  is  contained  in 
their  catalogue.  A  long  list  of  practical 
engineer's  examination  questions  and  their 
answers,  together  with  a  number  of  valuable 
tables  and  other  data,  is  appended.  It  is  a 
catalogue  that  is  well  worth  the  close  study 
of  any  one  contemplating  the  purchase  of  an 
injector,  or  in  need  of  practical  information 
concerning  the  putting  in,  adjustment  and 
management  of  same. 
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llquld  In  the  bottle  Kivei)  lua  res«rvo1r  of  compressed 
■Ir;  II  Ig  (hla  tb&t  maintains  t,  Dearly  steady  apraf 
while  the  action  of  the  bulb  Is  Intermit  ten  I:  the  air 
that  paues  into  the  bottle  irhen  the  bulb  Is  flrat 
sqiieeied  eTentually  escapes  at  tf  while  the  bulb  If 
refllling  through  valve  >i. 

(97)  Has  there  been  any  process  made  known 
recently  by  which  copper  can  be  tempered  In  the 
same  lense  that  iiteel  fa  tempered?  If  so.  bi'  wbom 
was  it  dlscorered,  and  what  Is  the  pmceaiT 

W.  H.  E„  Lincoln.  Neb. 

ANH.— A  search  through  the  "  Patent  OIBceGaietle" 
discloses  three  patents  on  hardening  copper  In  the 
last  to  years;  they  are  as  fallows:  No.  ^0»M»  to 
PblUp  Hclbig.  granted  Nov.  2!>,  t»Xi :  !<m.4m  to  John 
Miller,  gianled  Aug.  S>.  Ii43«;  5H7,K«l  to  Jakob  Renter, 
granted  Aug.  10.  imi.    The  processes  are  but  briefly 


le  principle  of  action  oft  h 


ntofthet 


(i,  M.,  San  Francisco.  <al, 
a™.— The  tfTlndplc  is  similar  lo  thai  of  ttie'iilTaril 
injector,  as  you  will  gather  from  the  fullowliig :  Th( 
guneral  ronitructlou  of  the  Osvldson  Rubber  Co.'i 

hulb  Blted  with  n  valve  A.  which  allows  air  lo  gc( 


in 

obtain  a  copy  of  any  patent  with  a  full  description  of 
the  process.  Address  Commissioner  of  Patents. 
Washington.  [).  C.  Kach  copy  costs  S  cents.  In  brief. 
the  processes  are  as  follows:  Helblg'a— Melt  copper, 
tre&t  with  glass  and  subcartionateof  Irou.and  Anally 
incorporate  antimony  with  copper  thus  treated. 
Miller's— Melt  copper,  add  carbon,  next  add  horn 
and  lilood  of  aiitmsU,  and  then  add  tin.  Pour  into 
molds,  cool,  and  finally  compact  by  pressure. 
Reuter'B— Knclqse  the  piece  of  copper  In  a  covering 
of  ctay  and  saturate  wKb  vinegar :  anhject  the  clay 
containing  Ibe  copper  lo  a  high  degree  of  heat,  and 
fliially  submerge  the  whole  in  water. 


teeth,  having 


lven,age«rof  100 
I.  which  in  ti 
°ofioO  teeth,  and 


1  this  >l: 


__  wlllapolnton 

— el  during  one  rerolution  of  the  flrFt 

(6^  If  a  S3-loolh  gear  were  replaced  by  a  K- 

W.  8.,  Tllnsvtile,  Pa. 
AKE.— Ill)  First  Bad  what  part  of  a  TcvolutlnD  the 
drum  win  make  during  one  revolution  of  the  100- 
looih  gear :  this  will  be 


tooth  gear,  what  Chan 


rpon  aqoeet- 


Into  the  bulb  but  preventa  Its  escape. 
Ing  Ihc  bulb,  the  contained  air  Is  forced  tnroiign  t. 
and.  u  Indicated  by  the  small  double-headed  arrow. 
the  alt  travels  In  two  directions,  part  of  it  causing 
an  Increase  of  pressure  In  the  bottle,  the  downward 
remilt  of  which  Is  to  force  a  small  quaniltv  of  the 
llqald  up  the  tine  tube  c,  and  the  rest  passing  up 
around  tuber  butlnslde  tube  t  until,  as  shown  in  the 
enlargtd  sectional  view  at  (i).  It  paanes  around  and 
beyonfl  the  small  nipple  J  and  out  through  the  line 

Ihellqnld  that  has  reached  nippier  in  tube  r,  and  the 
air  and  the  llqnld  are  discharged  logeiher  in  the  form 
of  a  flue  spray.  When  the  bulb  li  »|ueeEe<l.  air  is 
the  am  In  he  discharged  but  It  Is  Imnied lately  fol- 
lowed bythe  sprayed  llqnld.    The  space  alove  the 

IS] 


This  represents,  on  the  surface  of  the 
lance  of '^j^''^  =  . 758  Inch,  it)  If  you  si 
the  »:)-tooth  a  5a-toolh  gear,  you  will 
distance  In  the  proportion  of  .'lO  to  83 
ijiTii>»  thoi  a  point  on  the  drum  will 
~  :he  lUO-looth  gear 


Increase  this 
d  the  dis- 
.el  during 


(Ml    Kindly  help  n 


Igel?  The  flfr  will  be  fed  in  at  I 
Bcrvoir.  and  will  puss  up  through  1 
■a  gradually.   Can  I  use  the  air  o 
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it  Is  impoesible  to  heat  the  air  above  852°  under  the 
most  favorable  circunutanoes.  The  temperature  that 
you  can  attain  may  be  arrived  at  approximately  by 
the  following  formula,  which  is  a  modification  of  one 
given  by  Mr.  J.  A.  Kinealy  for  air  at  ordinary  pres- 
sures: 
Let      8  '•*  square  feet  of  heating  surface  in  coil ; 

W  »  weight  of  air  used  per  hour ; 

to  =  temperature  of  steam  in  coil ; 

t\  «  temperature  of  air  entering  heater ; 

tf  ^  temperature  of  air  leaving  heater. 

Then,       «,  -  (<o  -  <i)  (.809  +  -'^.^  )  +  t. 

Thus,  suppose  you  use  10  pounds  of  air  per  hour  per 
square  foot  of  heating  surface ;  the  temperature  of 
the  compressed  air  is  originally  80°  F.  and  the  tem- 
perature of  the  steam  is,  as  above,  852°  F.  Substi- 
tuting these  values  in  the  formula 

<t  =  (352  -  80)  X  (.360  +  ^- )  +  80° - 252°,  nearly. 

You  can,  of  course,  use  the  air  over  again  if  you 
compress  it ;  otherwise,  you  cannot. 

(100)  What  are  the  formulas  used  for  figuring  the 
size  of  the  inlet  and  the  exhaust  valves  of  a  four- 
cycle gas  or  gasoline  engine? 

A.  R.  T.,  Titusville,  Pa. 

Ans.— Each  maker  doubtless  has  his  own  rule  or 
formula.  The  following  rules  agree  well  with  good 
practice : 

Area  of  inlet  valve  =  .12  x  area  of  piston. 
Area  of  exhaust  valve  »  .16  X  area  of  piston. 
Denoting  by  d  and  di  the  diameters  of  inlet  and 
exhaust  valves,  respectively,  and  by  D  the  diameter 
of  the  cylinder,  these  rules  reduce  to  the  following 


formulas : 


d  =  .346  D. 
rfi  =  .4  D. 


(101)  What  size  nringera  will  be  required  on  a 
bridge  In  which  the  bents  are  12  feet  center  to 
center,  to  carry  a  28-ton  locomotive  of  the  mogul 
type?  We  use  exclusively  yellow  pine;  if  you  are 
acquainted  with  the  strengm  of  this  wood,  I  would 
like  to  know  if  8''  X  10^'  stringers  would  be  strong 
enough  for  such  an  engine. 

A.  W.  S.,  Chatawa.  Mich. 

An8.— It  is  impossible  to  answer  this  question 
properly  without  knowing  the  amounts  and  rela- 
tive positions  of  the  wheel  concentrations,  but  any 
reasonable  assumption  for  these  would  require  the 
stringers  to  be  larger  than  8  in.  X  10  in.  Assuming  27 
tons  to  be  supported  on  three  pairs  of  drivers  whose 
centers  are  5  feet  apart,  9,000  on  each  driver,  we  find 
that  a  size  of  10  in.  x  14  in.  will  be  sufiicient  for  the 
stringers,  if  composed  of  yellow  pine. 

*  * 

(^102)  What  values  are  usually  taken  for  the  termi- 
nal pressures  in  compound  direct-acting  pumps,  con- 
densing and  non-condensing?  Also  wnat  is  a  good 
fijfure  for  triple  expansion  pumps?  What  limits 
these  values  in  practice?      S.  J.  B„  Hoi  yoke,  Mass. 

Ans.— With  steam  pumps  as  with  steam  engines, 
the  greatest  economy  should  be  obtained  when  the 
terminal  pressure  is  reduced  practically  to  the  back 
pressure,  say  17  pounds  above  vacuum  for  non-con- 
densing engines  and  2  to  3  pounds  for  condensing 
engines.  In  practice  these  terminal  pressures  fre- 
quently cannot  be  attained  without  making  the  ratio 
between  the  cylinder  volumes  exces-sive.  An  exam- 
ple will  make  this  point  clear.  Suppose  steam  enters 
the  high-pressure  cylinder  at  110  pound  gauRe  or 
125  pounds  absolute,  and  a  terminal  pressure  of  18 
pounds  is  desired.  The  number  of  expansions  must 
be  125  ^  18  -=  7,  nearly  ;  that  is,  the  volume  of  steam 
in  the  low-pressure  cylinder,  intermediate  pipes, 
etc..  is  7  times  the  original  volume  of  the  steam  in 


the  high-preanire  cylinder.  If  we  anume  that  the 
volume  of  steam  in  the  pipes  and  passages  is  equal  to 
the  volume  of  the  high-pressure  cylinder,  then  the 
volume  of  the  low-pressure  cylinder  must  be  6  times 
that  of  the  high-pressure  cylinder,  and  the  diameter 
of  low-pressure  piston  must  be  |/6  =  2.45  times  the 
diameter  of  the  high-pressure  piston,  a  ratio  much 
greater  than  it  is  practicable  to  use.  If  we  assume  a 
ratio  of  volumes  of  2},  then  the  number  of  expan- 
sions will  be  3},  and  the  terminal  pressure  will  be 
125  -^  3^  =  36  pounds,  nearly.  With  triple-expansion 
pumps  it  is  possible  to  get  a  lower  terminal  pressure, 
because  the  ratio  of  cylinder  volumes  can  be  made 
greater  than  with  compound  pumps. 

«  « 

(103)  Can  the  distance  x  be  found  from  the  data 
given  in  the  sketch  ?  If  so,  kindly  give  the  solution ; 
If  not,  give  reason.  E.  C.  D.,  Pittsburg,  Pa. 

Ana.— Draw  O  O  perpendicular  to  the  line  A  C  pro- 
duced ;  produce  O  ^  to  meet  D  C  produced  in  H,  and 
EA  in  H' ;  draw,  also,  ff  perpendicular  to  O  (?,  and 


OL  perpendicular  to  DJL  Then,  angle  EffO^ 
angle  Z)/fO=»anglea;  and  angle  E0ir  =  9(P—CL 
Hence,       FG  -  d  cos  o,  and  O  F=  Rnina. 

Therefore,       OU  "d  cos  a  +  ReAna. 

From  the  right  triangle  OOC,we  have 


=  l/ /P  -  (rf  cos  o  +  J?  sin  o)«. 

Again,  i>L  is  the  projection  of  0  6  upon  DH,  and 
CL  is  the  projection  of  C(r  upon  DH. 

Therefore, 

I)L=  O  G  cma  =  {d  COB  a  -'r  R  t\.u  a)  cos  a, 
and 

C  /v  -=  C  (/  sin  a  =  sin  a  i/^"^(d  cos  a"-KR8ila  a]«; 
whence, 

X  =  DC  =  DL-CL  =  (d  cos  a +  Ji  sin  a)  cos  a 

—  sin  a  \/  R*  —  (d  cbsa  -|-  if  sin  a)*. 

«■ 

(104)  (a)  Is  there  a  more  exact  formula  than 
"l  Dd  for  finding  the  area  of  an  elUpse?  (b)  What 
kind  of  thermometer  is  used  for  ascertaining  the 
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excessively  low  temperatures  obtained  by  liquid  air? 

F.  H.  B.,  Providence,  R.  I. 
Axs.— (a)  No;  the  formula  is  mathematically 
exact,  ib)  The  thermometer  used  by  Prof.  Dewar 
consists  essentially  of  a  coll  of  fine  platinum  wire. 
As  is  well  known,  the  electrical  resistance  of  a  metal 
decreases  as  the  temperature  is  lowered ;  hence,  if  a 
law  connecting  the  resistance  with  the  temperature 
can  be  established,  the  resistance,  which  can  of 
course  be  readily  measured,  can  be  used  to  calculate 
the  temperature.  The  calibration  of  Prof.  Dewar's 
No.  7  thermometer  gave  the  following  retistances  at 
different  temperatures : 


Temperature 
Degrees  C. 


+  99.1 
+  75.3 
+  51.4 

+  25.7 
+    0.7 


Temperature  { Resistance 
Degrees  C.   '     Ohms. 


-78.2 

3.687 

182.6 

1.398 

193.9 

1.136 

214.0 

0.690 

The  formula  connecting  the  resistance  with  the 
temperature  is  as  follows : 

(S  +  43.958933)«  =  2.03596488  {t  + 1,198.146). 

«■ 

(105)  If  a  cylindrical  tank  10  feet  in  diameter  and 
20  feet  deep  is  set  on  end  25  feet  above  the  ground, 
and  a  niece  of  pipe  20  feet  long  leads  firom  the  bot- 
tom of  the  tank  to  within  5  feet  of  the  ground,  what 
is  the  pressure  at  the  end  of  this  pipe? 

R.  F.  K.,  Sharon,  Pa. 

Aks.— We  assume  that  you  wish  to  know  the  prea- 

Bure  at  the  end  of  the  pipe  when  the  tank  is  filled 

with  water  and  the  end  of  the  pipe  is  plugged.    The 

total  head  of  water  is  20  +  20  =■  40  feet.    To  reduce 

the  head  in  feet  to  pressure  in  pounds  per  square  inch, 

we  multiply  by  the  constant  .434 ;  hence,  the  pressure 

is  40  X  .434  =  17.36  pounds  per  square  inch,  exclusive 

of  atmospheric  pressure. 

♦ 
«  « 

(106)  State,  in  the  ordes  of  their  importance,  the 
defects  to  be  guarded  against  in  the  following  mate- 
rials: (a)  cast  iron,  (&)E>rick,  (c)  stone,  (d)  lumber, 
and  («)  wood  to  be  used  forplles. 

H.  £.  B.,  N.  Windham.  (}onn. 
A  MS.— (a)  Cast  iron  is  likely  to  have  hidden  and 
small  surCace  defects  and  air  bubbles.  It  is  impor- 
tant also  that  the  parts  of  a  casting  be  so  proportioned 
that  no  initial  strain  may  be  caused  by  unequal 
cooling,  (b)  Brick  should  not  contain  nn  excess  of 
sand,  as  it  is  thereby  rendered  brittle  and  the  cohe- 
sion is  destroyed.  The  inspection  should  guard 
against  overbumed,  hard,  brittle  brick,  which  are 
generally  distorted  and  cracked,  and  against  soft, 
underbamed  brick,  (c)  A  good  stone  should  be  com- 
pact. A  freshly  fractured  stone  should  show  a  clear 
bright  surface,  with  the  particles  well  cemented. 
When  struck  with  a  hammer  it  should  give  a  clear 
metallic  sound.  A  good  stone  should  absorb  but 
little  water,  not  more  than  5  per  cent,  in  24  hours. 
It  should  be  insoluble.  To  test  for  solubility,  put 
some  crushed  stone  in  a  glass  of  water,  let  it  rest 
about  an  hour,  and  then  stir.  If  the  water  becomes 
cloudy,  It  indicates  the  presence  of  soluble  materials 
m  the  stone,  (d)  In  selecting  lumber,  the  most 
important  points  are  straight  grain,  freedom  from 
large  or  loose  knots,  wind  and  heart  shakes.  A 
freshly  sawed  surface  should  be  clean  and  lustrous, 
with  a  firm  and  bright  appearance,  free  from  woolly 
fibers,  which  indicate  lack  of  vitality.  The  sap  wood 
should  be  entirely  removed.  The  wood  should  appear 


uniform  in  texture,  and  when  cut  should  smell  sweet : 

a  disagreeable  smell  indicates  decay.  ( e)  Piles  should 

never  be  less  than  8  inches  in  diameter  at  the  small 

end,  nor  more  than  18  inches  in  diameter  at  the  large 

end.     Piles  should  be  straight-grained,  should  be 

trimmed  close,  and  should  have  the  bark  removed. 

« 
»  ♦ 

(107)  (a)  Is  the  result  of  a  boiler  explosion  caused 
by  overpressure  of  steam  exactly  similar  to  one 
caused  by  there  being  too  little  water  in  the  boiler? 
(6)  Is  there  any  distinction  between  the  words 
••burst "  and  •* explosion " ? 

H.  R.,  Newdale,  Manitoba. 

Ans.— (a)  The  answer  to  this  question  depends  on 
the  type  of  boiler.  It  may  be  stated  as  a  general  law 
that  the  violence  of  a  boiler  explosion  depends  on 
the  quantity  of  water  the  boiler  contains.  With  a 
large  body  of  water,  the  explosion  is  likely  to  be 
extremely  violent  and  destructive;  while  if  the 
boiler  contains  little  or  no  water,  the  explosion  is  far 
less  dangerous.  In  the  case  of  a  boiler  of  the  loco- 
motive type,  there  is  a  large  quantity  of  water  left  in 
the  shell  when  the  crown  sheet  is  dry ;  hence,  an 
explosion  due  to  low  water  would  be  nearly  or  quite 
as  violent  as  one  due  to  overpressure.  With  a  plain 
cylindrical  boiler,  on  the  other  hand,  an  explosion 
from  low  water  is  not  likely  to  occur  until  the  boiler 
is  nearly  empty ;  consequently,  the  explosion  from 
low  water  will  be  less  disastrous  than  one  due  to 
overpressure.  (6)  There  is  a  material  distinction 
between  the  two  words.  To  ••burst"  means  simply 
to  •♦rupture."  A  water  pipe  bursts  when  the  water 
freezes ;  a  boiler  may  be  burst  when  subjected  to  a 
hydraulic  test.  An  explosion  may  be  defined  as  a 
process— as  combustion,  decomposition,  or  rapid 
ebullition— resulting  in  a  rapid  and  excessive  gener- 
ation of'  gases  and  a  sudden  and  great  increase  of 
pressure.  In  the  case  of  the  boiler  explosion  there  is 
an  initial  bursting  or  rupture  of  a  plate  or  flue ;  the 
steam  rushes  rapidly  through  the  space  thus  opened, 
and  the  pressure  being  thus  suddenly  relieved,  a 
quantity  of  water  at  boiling  temperature  flashes 
instantly  into  steam,  increasing  the  pressure  enor- 
mously.   This  constitutes  the  explosion. 

« 

(108)  (a)  Whatisthecostofa  complete  set  of  steel 
straightedges,  and  what  are  their  lengths,  widths, 
thicknesses,  and  weights?  (b)  Are  there  on  the 
market  strsiighttrdges  of  any  other  metal  than  steel, 
and  why  are  they  made  of  steel  in  preference  to  some 
other  metal?  (c)  What  is  the  cost  per  pound  of 
aluminum  and  of  platinum?  Are  these  metals  ever 
used  for  electroplating,  and  do  they  wear  well?  (d) 
What  is  the  best  and  most  serviceable  electroplating 
metal?  (e)  Of  what  material  is  the  so-called  "dia- 
mond" point  of  a  glass  cutter  made?  Will  it  cut 
steel  or  other  hard  metal  as  it  will  glass?  {/)  What 
is  the  cheapest  and  hardest  metal,  resembling  alu- 
minum and  platinum  in  color,  that  will  resist  the 
sharp  edge  of  a  steel  blade?  (g\  If  two  pieces  of  the 
same  Idnd  of  steel  are  tempered  to  the  same  degree 
of  hardness,  and  one  piece  is  sharpened  to  a  cutting 
edge,  will  it  cut  the  other  piece,  or  will  its  own  edge 
be  dulled,  or  will  neither  be  aflected  ? 

W.  S.  T.,  Cornwall,  Ont. 

Ans.— (a)  This  question  is  too  general.  We  do  not 
think  there  is  such  a  thing  as  a  complete  set  of  steel 
straightedges.  They  are  made  in  any  length,  width, 
and  thickness  desired.  (6)  Small  straightedges  have 
been  made  of  brass.  We  do  not  Icnow  of  any  other 
metal  used  for  this  purpose,  except  steel.  Thereason 
steel  is  used  is  because  it  is  harder  and,  consequently, 
less  liable  to  injury.  Steel,  also,  oxidizes  (tarnishes) 
less  readily  than  brass,  (c)  Aluminum  can  be  pur- 
chased for  40  cents  a  pound,  perhaps  less,  depending 
upon  the  quantity.  We  do  not  know  the  present 
market  value  of  platinum,  but  it  is  about  the  same  as 
that  of  gold,  $20.00  an  ounce.    We  have  never  heard 
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of  eit  her  of  these  metals  being  used  fur  electroplating. 
(d)  Silver  or  nickel.  Nickel  is  probably  a  more  ser- 
viceable plating  than  silver,  as  it  oxidizes  less 
rapidly,  (e)  The  so-called  diamond  point  of  a  glass 
cutter  is  a  diamond.  It  will  cut  any  material  except 
a  diamond.  (/)  There  is  no  cheap  metal  that  will 
resist  the  sharp  edge  of  a  steel  blade;  all  metals 
harder  than  hardened  steel  are  very  rare  and  exceed- 
ingly expensive,  {g)  If  both  pieces  are  hardened  to 
exactly  the  same  degree  of  hardness  throughout, 
that  is,  so  that  there  shall  be  no  soft  spots  anywhere, 
neither  will  cut  the  other.  The  cutting  edge,  how- 
ever, would  be  ground  off  when  attempting  to  cut 
the  bar. 

(109)  (a)  Where  can  I  get  a  list  of  all  the  paper 
mills  in  the  United  States,  telling  in  what  towns  the 
mills  arelocated  and  what  kindsof  paper  they  make? 
(b)  In  paper  mills,  small  scales  are  used  for  weighing 
paper  by  the  square  foot.  How  are  these  scales  con- 
^nicted.  and  in  what  do  they  differ  from  ordinary 
scales?  5.Vi.,  Crescentville,  Ohio. 

AN8.~(a)  In  Lockwood's  Directory,  published  by 
Howard  Xx>ckwood  &,  Co.,  126  and  128  Duane  Street, 
New  York;  price,  $2.00.  (6)  You  can  obtain  cata- 
logues and  information  regarding  scales  from 
Perkins,  Goodwin  &.  Co.,  New  York. 

«-  « 

(110)  (a)  Is  the  Taylor  air  compressor,  described 
In  Home  Study  MAOAZitiE,  June.  1898,  a  practical 
machine?  (b)  Is  it  patented?  (c)  What  is  the  ad- 
dress of  the  makers?  ScRfiCRiBKR. 

Ans.— (a)  Yes ;  it  is  thoroughly  practical ;  write  to 
the  inventor,  CharUs  Havelock  Taylor,  Montreal, 
Que.,  Can.,  and  he  will  tell  you  of  the  many  that  are 
now  In  successful  operation.  (6)  There  are  several 
patents  on  it ;  the  latest  that  we  have  particulars  of 
is  U.  S.  patent  No.  618,24.H,  Jan.  24.  1899.  {c)  Mr. 
Taylor  will  be  glad  to  answer  this  question  if  you 
write  him. 

(111)  (a)  How  can  glue  liquor  that  has  been  made 
from  mixed  bones  and  has  a  turbid  appearance  be 
clarified?  (6)  During  the  process  of  arying.  while 
spread  out  on  wire  netting,  the  air  darkens  the  glue ; 
is  there  any  way  in  which  this  Can  be  avoided? 

F.  W.  D..  St.  Lx)uis,  Mo. 
.VN8.— (a)  Ordinary  glue  is  clarified  with  powdered 
alum,  which  precipitates  the  various  impurities. 
Bone-glue  liquor  is  bleached  by  the  action  of  sul- 
phurous acid  produced  by  sulphuric  acid  and  char- 
coal, (b)  We  are  unable  to  find  any  information 
regarding  this  point. 

*  # 

(112)  (a)  What  is  the  correct  method  of  construc- 
tion for  ftravel  roofs?  (b)  Are  they  suitable  for 
tropical  climates?       A.  L.  L.  Tantoyuca,  Mexico. 

Ans.— (a )  In  answer  to  your  question  we  quote  some 
extracts  from  the  specifieation»  used  by  the  War- 
ren-Ehret  Company,  of  Philadelphia,  who  have  had 
:iO  years'  experience  in  the  construction  of  gravel 
and  slag  roofs.  "  The  rafters  should  be  near  enough 
to  one  another  to  make  the  roof  firm,  when  planked 
or  boarded,  so  that  it  shall  not  spring  under  the  feet. 
Tongued-and-grooved  lumber  is  preferable :  and  in 
any  case  the  plank  or  roof  boards  should  be  laid 
closely,  making  close  joints,  both  at  their  edges  and 
ends ;  and  should  be  free  from  holes  or  loose  knots, 
and  securely  nailed  to  the  rafters.  Over  the  fore- 
going lay  full  four  ihicknesses  or  layers  of  roofing 
felt ;  thus,  make  the  fin>t  course,  next  the  eavep,  of 
flill  five  thicknesses  or  layers  of  felt.  Then  lap  each 
successive  layer  at  least  I  of  its  width  over  the  pre- 
ceding layer,  firmly  securing  the  felt  with  tins  or 
cleats  nailed  on,  and  thoroughly  mop  the  surface 


underneath  the  outer  layer  of  the  first  course,  and 
underneath  each  succeeding  layer,  as  far  back  as  the 
edge  of  the  next  lap,  with  a  thin  coating  of  cement, 
in  no  case  applied  hot  enough  to  injure  the  woolly 
fiber  of  the  felt.  The  quantity  of  felt  to  be  used  per 
100  square  feet  of  roofing  to  be  not  less  than  70 
pounds.  Over  the  entire  surface  of  the  felt  thus 
applied,  spread  a  good  coating  of  cement,  amounting 
in  all  (including  what  is  used  between  the  layers  of 
felt)  to  not  lefs  than  10  gallons  of  cement  per  100 
square  feet,  heated  as  before  specified,  and  com- 
pletely cover  the  same  with  a  coating  of  slag,  granu- 
lated and  bolted  for  the  purpose— using  no  slag 
larger  than  that  which  will  pass  through  a  j-inch 
mesh,  and  none  smaller  than  that  which  will  be 
caught  by  a  ^inch  mesh.  The  slag  should  be  ft'ee 
from  sand,  dust,  and  dirt,  and  applied  perfectly  dry. 
and  while  the  cement  is  hot.  All  chimneys  and  walls 
that  project  above  the  roof  should  be  flushed  and 
counterflushed  with  zinc  or  copper  The  eaves  top 
should  be  of  the  same  material."  (b)  Yes,  If  prop- 
erly laid. 

*  * 

(113)  Kindly  tell  me  of  a  book  that  will  instruct 
me  on  the  details  of  envelope  machines.  If  you  do 
not  know  of  any  book,  help  me  in  any  other  way 
that  you  can.  C.  F.  H.,  Bumside,  Conn. 

An8.— It  is  hardly  probable  that  there  is  any  book 
published  on  this  subject.  As  most  of  these  nuichines 
are  patented,  you  can  gain  a  very  complete  insight 
into  their  details  by  ordering  from  the  United  States 
Patent  Oflice  the  whole  class  of  patents  on  the  sub- 
ject. We  advise  you  also  to  write  to  the  various 
manufacturers  for  catalogues.  Many  of  the  firms 
making  bookbindery  machines  also  make  envelope 
machines ;  a  specialty  of  the  latter  is  made  by  only 
one  party  so  far  as  we  know :  Martin  Ran.  89  Center 
Street,  New  York,  N.  Y. 

* 

♦  ♦ 

(114)  (a)  I  have  a  steam  engine  of  the  following 
dimensions :  cylinder,  8^  inches  in  diameter :  stroke. 
7  inches;  flywneel,  J*  feet  in  diameter,  weighing  I7(i 
pounds ;  drive  pulley,  20  inches  in  diameter.  4-mch 
mce;  revolutions  per  minute,  200;  feedpipe  {  inch; 
exhaust  pipe,  2  inch ;  steam  pressure  60  pounds  gauge. 
What  is  the  horsepower,  approximately?  (b)  What 
kind  of  oil  is  usea  in  boilers  to  prevent  them  fh>ni 
corroding?  (c)  Does  it  Injure  a  ooiler  to  have  the 
engine  exhaust  into  the  smokestack?  (d)  Which  is 
the  safest  boiler  feeder— the  iniector,  the  inspirator, 
or  the  pump ?  L.  B.  W.,  St.  Johns,  Pa. 

ANS.— (a)  You  have  not  specified  the  point  of  cut- 
off. Aa«uming  this  to  be  at  half  stroke,  your  engiue 
should  develop  about  \\  horsepower,  (b)  When  the 
corrosive  action  in  the  boiler  is  due  to  greasy  feed- 
water,  mineral  oil  is  sometimes  used  as  a  substi- 
tute for  carbonate  of  soda,  (c)  No,  if  you  take  care  to 
prevent  drippings  of  condensed  steam  fh>m  reaching 
any  part  of  the  boiler;  such  drippings  would  be 
apt  to  form  corrosive  mixtures  wiUi  soot  and  ashes. 
(d)  The  pump. 

(115)  (a)  In  what  manner  can  the  percentage  of 
carbon,  of  oxygen,  and  of  refuse  matter  in  a  ^ven 
sample  of  coal  be  determined?  (b)  Kindly  recom- 
mend a  book  on  elementary  chemistry  and  also  one 
on  gas  and  gasoline  engines. 

H.  A.  F.,  Mont  Alto.  Pa. 
.Vns.— (a)  The  answer  to  thia  question  involves  a 
discussion  of  analytical  chemistry,  which  would  be 
long  for  these  columns  and  would  probably  be  of 
no  value  to  the  inquirer,  (b)  "Remsen's  Organic 
Chemistry,"  price  $1.30.  "  The  Gas  and  OU  Engine," 
by  D.  (Merk,  price  $1.00.  These  books  may  be 
obtained  from  The  Technical  Supply  Co.,  Scranton. 
Pa. 
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|N£  of  the  most  gifted  Frenchmen,  in 
point  of  great  intellectual  endowments, 
was  Benjamin  Constant ;  but,  blasi  at 
twenty,  his  life  was  only  a  prolonged  wail, 
instead  of  a  harvest  of  the  great  deeds  which 
be  was  capable  of  accomplishing  with  ordi- 
nary diligence  and  self-control.  He  resolved 
open  doing  so  many  things,  which  he  never 
did,  that  people  came  to  speak  of  him  as 
"Constant  the  Inconstant.''  He  was  a 
fluent  and  brilliant  writer,  and  cherished  the 
ambition  of  writing  works,  **  which  the 
world  would  not  willingly  let  die."  But 
while  Constant  affected  the  highest  thinking, 
unhappily  he  practiced  the  lowest  living ; 
nor  did  the  exalted  standard  of  his  books 
atone  for  the  meanness  of  his  life.  He  fre- 
quented the  gaming  tables  while  engaged  in 
preparing  his  work  upon  religion,  and  car- 
ried on  a  disreputable  intrigue  while  writing 
his  "Adolphe."  With  all  his  powers  of 
intellect  he  was  powerless,  because  he  had 
no  fdiih  in  virtue.  *'  Bah ! "  said  he,  **  what 
are  honor  and  dignity  ?  The  longer  I  live, 
the  more  clearly  I  see  there  is  nothing  in 
tbem. "  It  was  the  howl  of  a  miserable  man. 
He  described  himself  as  but  "ashes  and 
dust"  "I  pass,"  said  he,  **  like  a  shadow 
over  the  earth,  accompanied  by  misery 
and  weariness."  He  wished  for  Voltaire's 
energy,  which  he  would  rather  have  pos- 
sessed than  his  genius.  But  he  had  no 
strength  of  purpose— nothing  but  wishes: 
his  life,  prematurely  exhausted,  had  become 
a  heap  of  broken  links.  He  spoke  of  him- 
self as  a  person  with  one  foot  in  the  air.  He 
admitted  that  he  had  no  principles,  and  no 
moral  consistency.  Hence,  with  his  splen- 
did talents  he  contrived  to  do  nothing  ;  and, 
after  living  miserably  for  many  years,  he 
died  worn  out  and  wretched. 

The  career  of  Augustin  Thierry,  the  author 
of  the  **  History  of  the  Norman  Conquest," 
affords  an  admirable  contrast  to  that  of  Con- 
stant. His  entire  life  presented  a  striking 
example  of  perseverance,  diligence,  self-cul- 
ture, and  untiring  devotion  to  knowledge. 
In  the  pnrsuit  he  lost  his  eyesight,  lost  his 
health,  but  never  lost  his  love  of  truth. 
When  so  feeble  that  he  was  carried  from 


room  to  room,  like  a  helpless  infant,  in  the 
arms  of  a  nurde,  })is  brave  spirit  never  failed 
him  ;  and  blind  and  helpless  though  he  was, 
he  concluded  his  literary  career  in  the  fol- 
lowing noble  words:  **If,  as  I  think,  the 
interest  of  science  is  counted  in  the  number 
of  great  national  interests,  I  have  given  my 
country  all  that  the  soldier,  mutilated  on  the 
field  of  battle,  gives  her.  Whatever  may  be 
the  fate  of  my  labors,  this  example,  I  hope, 
will  not  be  lost.  I  would  wish  it  to  serve  to 
combat  the  species  of  moral  weakness  which 
is  the  disease  of  our  present  generation ;  to 
bring  back  into  the  straight  road  of  life  some 
of  those  enervated  souls  that  complain  of 
wanting  faith,  that  know  not  what  to  do, 
and  seek  everywhere,  without  finding  it,  an 
object  of  worship  and  admiration.  Why 
say,  with  so  much  bitterness,  that  in  the 
world,  constituted  as  it  is,  there  is  no  air  for 
all  lungs — no  employment  for  all  minds  ?  Is 
not  calm  and  serious  study  there  ?  and  is  not 
that  a  refuge,  a  hope,  a  field  within  the 
reach  of  all  of  us?  With  it,  evil  days  are 
passed  over  without  their  weight  being  felt. 
Every  one  can  make  his  own  destiny— every 
one  employ  his  life  nobly.  This  is  what  I 
have  done,  and  would  do  again  if  I  had  to 
recommence  my  career ;  I  would  choose 
that  which  has  brought  me  where  I  am. 
Blind,  and  suffering  without  hope,  and 
almost  without  intermission,  I  may  give  this 
testimony,  which  from  me  will  not  appear 
suspicious.  There  is  something  in  the  world 
better  than  sensual  enjoyments,  better  than 
fortune,  better  than  health  itself— it  is  devo- 
tion to  knowledge." 

Coleridge  in  many  respects  resembled 
Constant.  He  possessed  equally  brilliant 
powers,  but  was  similarly  infirm  of  purpose. 
With  all  his  great  intellectual  gifts,  he 
wanted  the  gift  of  industry,  and  was  averse 
to  continuous  labor.  He  wanted  also  the 
sense  of  independence,  and  thought  it  no 
degradation  to  leave  his  wife  and  children  to 
be  maintained  by  the  brain  work  of  the  noble 
Southey,  while  he  himself  retired  to  High- 
gate  Grove  to  discourse  upon  lofty  topics 
to  his  disciples,  looking  down  contemptu- 
ously upon  the  honest  work  going  forward 
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FRO^f  THE  PEOPLFPS  RANKS. 


beneath  him  amid  the  din  and  smoke  of 
London.  With  remunerative  employment 
at  his  command,  he  stooped  to  accept  the 
charity  of  friends  ;  and,  notwithstanding  his 
lofty  ideas  of  philosophy,  he  condescended 
to  humiliations  from  which  many  a  day 
laborer  would  have  shrunk. 

How  different  in  spirit  was  Southey  I  labor- 
ing not  merely  at  work  of  his  own  choice,  and 
at  task  work  often  tedious  and  distasteful,  but 
also  unremittingly  and  with  the  utmost  eager- 
ness seeking  and  storing  knowledge  purely  for 
the  love  of  it  Every  day,  every  hour  had  its 
allotted  employment :  engagements  to  pub- 
lishers requiring  punctual  fulfilment ;  the 
current  expenses  of  a  large  household  duly 
to  provide  for.  Southey  had  no  crop  grow- 
ing while  his  pen  was  idle.  *  *  My  ways, ' '  he 
used  to  say,  ''are  as  broad  as  the  king's 
highroad,  and  my  means  lie  in  an  inkstand.'' 


THE  OBJECT  OF  KNO VLEDGE. 

IT  IS  not  how  much  a  man  may  know  that 
is  of  importance,  but  the  end  and  pur- 
pose for  which  he  knows  it.  The  object 
of  knowledge  should  be  to  mature  wisdom 
and  improve  character,  to  render  us  better, 
happier,  and  more  usefUl — ^more  benevolent, 
more  energetic,  and  more  efficient  in  the 
pursuit  of  every  high  purpose  in  life.  When 
people  once  fall  into  the  habit  of  admiring 
and  encouraging  ability  as  such,  without  ref- 
erence to  moral  character,  they  are  on  the 
highway  to  all  sorts  of  degradation.  We  must 
ourselves  be  and  dOt  and  do  not  rest  satisfied 
merely  with  reading  and  meditating  over 
what  other  men  have  been  and  done.  Our 
best  Ught  must  be  made  life,  and  our  best 
thought  action.  At  least  we  ought  to  be 
able  to  say,  as  Richter  did,  ''I  have  made 
as  much  out  of  myself  as  could  be  made  of 
the  stuff,  and  no  man  should  require  more." 


FROM  THE  PEOPLED  RANKS. 


THE  new  President  of  France  is  a  son  of 
the  people.  A  farmer's  son  the  French 
nation  has  just  made  their  chief  execu- 
tive. What  the  American  people  did  when 
they  raised  Lincoln  to  the  Presidency  of  the 
United  States,  the  French  have  now  done  in 
conferring  the  chief  power  of  the  nation 
upon  Loubet.  In  this  choice  of  a  humble 
farmer's  son  for  the  highest  dignity  they 
could  confer,  the  people  have  spoken  the 
voice  of  that  France  whose  bone  and  sinew 
are  made  up  of  the  mass  of  plain  people — 
a  people  who  have  made  France  great,  just 


as  the  plain  farmers  of  America  have  placed 
the  greatness  of  this  mighty  republic  upon 
its  strong  foundations. 

Emile  Loubet  exhibits  today,  it  is  true,  in 
his  awkward  manner,  the  traits  of  his  early 
training,  but  displays,  likewise,  in  an  unmis- 
takable manner,  other  sterling  characteristics 
of  the  common  people  that  any  nation  must 
admir^honesty  and  induatry. 

Lincoln  was  born  poor,  and  throughout 
his  life  remained  awkward — ^yet  no  man  has 
ever  rendered  greater  services  to  his  country, 
and  no  man  is  so  deeply  and  irremovably 
enshrined  in  the  hearts  of  his  countrymen. 

Loubet' s  election  is  a  sign  tall  of  promise 
for  republican  France.  The  new  President 
was  bom  in  1838  on  a  little  farm  at  Marsanne, 
about  two  miles  from  Montelimar.  It  is  a 
typical  form  of  the  south  of  France.  The 
President's  mother^ — eighty-six  years  old — 
still  lives,  and  manages  the  farm.  She  has 
never  been  in  Paris,  nor  has  her  son's 
advancement  in  any  way  altered  her.  Sbe 
wears  the  garb  of  the  peasant,  as  her  people 
have  done  before  her — ^the  homespun  gown, 
gingham  frock,  and  white  cap  with  its  fluted 
edges.  She  is  a  plain,  sensible,  clear-headed, 
peasant  mother,  proud  of  her  son,  but  sorry 
to  be  separated  from  him. 

In  1867,  Loubet  married  Marie  Denis,  an 
ironmonger's  daughter.  Her  father  was  a 
tramp,  who  came  to  Picardy  and  found 
employment  in  a  nailsmith's  shop  at 
Montelimar.  When  he  died  he  left  a  pros- 
perous business  to  a  son,  who  now  operates 
it,  and  a  fortune  of  300,000  francs  to  his 
family.  The  president's  wife  was  brought 
up  in  a  simple  way,  and  well  trained  in 
household  duties.  She  dresses  well,  but 
makes  no  attempt  to  follow  the  fashions, 
and  is,  at  all  times,  courteous  and  motherly. 

In  1870,  Loubet  became  mayor  of  Monte- 
limar, and  in  1876  was  elected  to  the  Chamber 
of  Deputies.  He  has  since  filled,  with  credit 
and  distinction,  the  offices  of  cabinet  minis- 
ter and  president  of  the  senate.  He  has  now 
entered  on  his  duties  as  chief  magistrate  of 
the  nation,  with  every  promise  of  saccesB, 
with  the  confidence  of  the  vast  m^ority  of 
his  fellow  countrymen,  and  the  very  best 
wishes  of  all  foreign  nations. 

His  success  is  due  to  his  inflexible  honesty 
of  purpose  and  to  the  irreproachable  char- 
acter of  his  private  life.  His  elevation  to  the 
presidency  shows  that  no  man,  no  matter 
how  humble  his  origin,  that  devotes  himself 
with  singleness  of  purpose  to  the  interests  of 
his  home  and  his  country,  can  £eu1  to  receive 
recognition. 


ELMER  E.  MILLER 


A  SrocBSSFUL  Mbcramcal  EKGimBa. 


THE  sabject  of  this  sketch  was  born  near 
hia  present  home  in  Canton,  O.  His 
early  education  was  received  in  the 
common  schools,  bat  he  afterwards  studied 
philosophy  and  developed  a  taste  for  mechan- 
ical work  which  he  has  always  cultivated 
umdnaaB\y. 

At  the  age  of  eighteen  he  was  foreman 
in  a  sawmill,  and  two  years  later  had  charge 
of  the  steam  plant  of  Miller  &  Co.'s  planing 
mills.     While  still    a  young  man  he  was 
employed  as  erecting  engineer  and  machiniEt 
by  C.  Anltman  &  Co.,  and  in  1889  accepted 
thepoeitian  of  chief  en- 
gineer for   the  Gilliam 
Manufacturing  Com- 
pany, with    whom   he 
(till  continues. 

In  hia  position  as 
mechanical  engineer  for 
the  above  firm,  Mr. 
Miller  has  invented  and 
contracted  numerous 
machines  and  appli- 
ances which  hare 
greatly  reduced  the  cost 
of  mannfoctore  in  their 
special  lines,  as  these 
machines  now  perform, 
aatomatically,  many 
operations,  formerly 
done  entirety  by  band. 
Mr.  Miller's  work  in  this 
line  has  done  much  to 
bnild  up  the  establish*  i 
ment  in  which  he  is  | 
employed. 

He  has  t«eted,  indi< 
cated,  and  adjusted  some  of  the  most  impor- 
tant stesm  plants  in  the  West.  During  the 
last  few  years,  has  been  doing  profeaaionsl 
work  as  consulting  engineer,  in  addition  to 
his  dnties  as  mechanical  engineer  of  the 
Uilliam  Manufacturing  Company.  He  has 
recently  installed  for  this  company  a  model 
■team  plant,  equipped  with  all  the  latestand 
beat  steam  specialties. 

Mr.  Miller  is  a  thoroughly  competent 
engineer  of  large  and  varied  experience. 
By  his  industry  he  has  acquired  an  intereet 
in  the    Gilliam   Manufacturing   Company. 


He  is  married  and  has  a  beautiful  home  and 
an  interesting  family.  He  has  reason  to  be 
proud  of  bis  library  and  laboratory,  as  they 
are  among  the  best  in  the  country. 

He  has  served  as  Corresponding  Engineer 
for  Buckeye  Council  A.  O,  of  S.  E.  for  years, 
and  Grand  Corresponding  Secretary  for  the 
State  of  Ohio,  A.  O.  of  S.  E.,  also  Corre- 
Hponding  and  Recording  Secretary  of  the 
Cant«n-M8SBilloD  Engineers'  Association. 

Liiie  other  successful  men,  Mr.  Miller  has 
steadily  pursued  the  line  of  work  for  which 
he  felt  himself  best  adapted ;  seizing  every 
opportunity  to  increase 
hia  knowledge  and 
make  his  services  of 
greater  value.  He  is 
one  of  the  many  suc- 
cessful students  of  The 
International  Corre- 
spondence Schools,  and 
basthistoBayr^arding 
his  experience  with 
them: 

"There   is    certainly 
no    better  opportunity 
in  the  life  of  any  young 
and  ambitious  man  than 
a   Scholarship   in  The 
International  Corre- 
spondence Schools.    A 
Complete  Mechanical 
Scholarship  cost  me  $40 
in  cash,  and  many  hours 
of  study  in  the  morning 
and    evening.     The 
reward  is  equal  to  more 
than  910,000  invested  in 
any  bank  in  this  country,  as  the  increase  in 
salary  more  than  pays  the  interest  on  such 
an  investment,  and  the  capital,  Kducation, 
will    not  fail  with  the  bank  but  endure 
through  life,  and  will  always  add  new  pleas- 
ures and  more  capital. 

"The  Schools  have  been  a  great  help  to 
me  as  instructor  in  engineering  in  Canton 
No.  4.5,  National  A»{S<K-iation  of  Steam 
Engineers,  I  ehall  always  give  my  warm- 
est words  of  praiee  fur  the  institution  which 
has  helped  to  make  my  life  a  suctess  :  The 
International  Correspondence  Schools." 
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INORDINATE  AMBITION. 


NORDHOFF  counsels  us  in  these  striking 
terms:  "Teach  yourself  to  despise 
ambition ;  it  is  one  of  the  meanest  of 
passions.''  There  are  two  ambitions:  the 
honest,  and  the  inordinate,  which  the  line 
just  cited  justly  condemns.  Against  the 
latter,  we  must  guard  ourselves. 

Rapidly  acquired  wealth,  or  reputation, 
is  more  difficult  to  keep  than  to  acquire. 
Men  become  slaves  for  life  to  reputation 
that  they  are  not  able  to  maintain,  to  wealth 
that  they  are  not  strong  enough  to  handle. 
Remember  that  all  solid  growths  are  slow. 
Time  is  an  element  that  must  enter  into  all 
real  education,  sound  character,  and  endur- 
ing reputation.  Time  is  requisite  for  the  exe- 
cution of  all  comprehensive  plans  of  action. 
**Time  and  I/'  said  Mazarin,  ** against  any 
other  two." 

Take  care  to  profit  by  your  own  experience 
— especially  by  your  blunders  and  mistakes. 
These  are  the  most  expensive  teachers,  but 
the  best  of  all.  Still  better  to  learn  wisdom 
from  the  failure  of  other  men.  The  broader 
the  range  of  digested  experience,  the  sounder 
will  be  your  judgment  The  experience  of 
the  past  is  history ;  that  of  the  present,  obser- 
vation. Both  are  requisite  to  understand 
either.  Classified,  they  become  Ecience. 
Science  joined  with  sound  judgment,  force, 
and  steadiness  of  will,  we  call  administrative 
power — ^the  power  to  bring  things  to  pass — 
and  it  is  the  highest,  the  rarest,  and  most 
valuable  form  of  human  capacity.  Com- 
pared with  it,  mere  genius  is  insignificant. 
Without  it,  nothing  great  or  good  is  ever 
done.  Those  who  have  it  are  the  great  con- 
trolling and  constructive  minds  of  the  world. 

Your  powers  may  not  be  great,  your  sphere 
in  life  may  be  narrow — ^this  is  the  lot  of  all 
but  a  few — but  all  may  attain  strength  of 
character,  which  will  endure  the  tests  of 
time.  Seek  to  exercise  your  powers  up  to 
the  limit  of  your  faculties ;  and,  if  he  is  a 
benefactor  of  his  race  who  **  makes  two 
blades  of  grass  grow  where  but  one  grew 
before,"  you  may  hope  in  some  degree  to 
make  the  world  better  and  happier. 


MINER  BOY  TO  MILLIONAIRE. 


THE  marriage  of  Miss  Virginia  Fair  to 
W.  K.  Vanderbilt,  Jr.,  adds  another 
brilliant  chapter  to  the  romance  of  the 
bonanza  miner,  whom  every  old-timer  on 
the  Pacific  slope  knew  as  Jim  Fair — of  the 
poor  tattered  Irish  boy  of  Calaveras  County, 


whose  life  ranged  from  tne  lowest  state  of 
poverty  to  the  most  extraordinary  wealth, 
whose  children  are  now  allied  to  the  mobi 
powerftd  family  in  American  finance,  and  to 
the  proudest  name  in  the  nobility  of  Britain. 

The  grizzled  miners  of  the  Pacific  coaei 
delight  in  telling  of  the  days  when  Jim  Fair 
worked  for  wages  beside  the  boys  in  the 
mines,  and  dined  on  bacon  and  beans.  Miss 
Virginia  Fair  the  old  fellows  remember  as  a 
baby  in  the  camp  at  Virginia  City,  and  her 
marriage  has  afibrded  such  a  flood  of  memo- 
ries as  nothing  else  in  many  a  day. 

James  G.  Fair  was  born  in  Ireland,  in 
December,  1831.  The  family  came,  in  184.3, 
to  America,  settling  in  central  Illinois, 
where,  while  a  mere  lad,  Jim  Fair  became 
a  well-known  femn  worker.  He  ran  away  in 
1847,  walking  to  Chicago,  and  thence  to  New 
York,  where  he  arrived  in  1848.  The  news 
of  the  gold  discoveries  in  California  reached 
the  Atlantic  coast  in  the  fall  of  1 848.  Young 
Fair  caught  the  fever,  and  getting  a  passage 
on  a  Panama  vessel,  set  out  for  California, 
reaching  San  Francisco  in  1850. 

For  fifteen  years  Fair  worked  in  the  golJ 
mines  with  little  success.  In  1865,  however, 
he  struck  a  good  ledge  in  Nevada  County. 
His  hunger  and  heartaches  were  forgotten 
when  he  opened  the  Hopewell  Mine,  his 
interest  in  which  he  sold  for  $9,000,  with 
which  sum  he  felt  rich.  In  the  same  year  he 
married  Miss  Rooney,  of  Calaveras  County, 
and  with  her  proceeded  to  Virginia  City, 
then  a  mining  camp  of  about  3,000  men  and 
400  women.  Here  he  began  work  as  a  boss 
of  laborers,  but  was,  in  a  month,  promoted. 
Just  as  he  had  attained  the  age  of  37  he  was 
su perintendent  of  the  Ophir  mine.  John  W. 
Mackay,  now  president  of  the  Postal  Tele- 
graph Company,  and  worth  $30,000,000, 
worked,  at  the  same  time,  as  assistant  super- 
intendent in  the  California  mine.  The  sala- 
ries of  the  two  men  were,  at  this  time, 
about  $2,500  a  year  each.  Mackay  and  Fair 
came  from  the  same  part  of  Ireland,  and 
had  been  fast  friends  in  California.  They 
had  two  friends  in  San  Francisco,  James  C. 
Flood  and  WiUiam  O'Brien. 

In  1869,  the  mining  world  began  to  hear 
of  Mackay,  Fair,  Flood,  and  O'Brien,  and 
their  operations  in  the  mines,  which  they 
had  combined  into  the  California  Consoli- 
dated Virginia  Mining  Company.  In  1872 
the  California  Consolidated  was  the  most 
valuable  mine  property  in  America.  In 
1872-73,  these  four  men  made  over  $3,000,000 
each.  But  the  most  wonderful  discovery 
was  yet  to  be  made.    In  February,  1874,  the 
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miners  found  a  ledge  of  quartz,  gold  and  sil- 
ver, that  has  never  been  equaled.  Virginia 
City  went  wild  over  the  discovery,  and  Cali- 
fornia and  San  Francisco  could  scarcely 
credit  the  reports  of  the  unparalleled  value 
of  the  ore.  The  number  .of  shares  in  the 
Consolidated  Virginia  was  increased  over 
one  hundred  per  cent,  and  went  from  $48  a 
share  to  $450  in  five  days. 

Between  1870  and  1876  the  combined 
wealth  of  Fair  and  Mackay  leaped  from  about 
$75,000  to  more  than  $65,000,000.  The  firm 
had  probably  about  $115,000  in  1870,  and 
was  worth  over  $130,000,000  six  years  later. 
Up  to  1874  Fair  and  Mackay  might  have 
been  seen  in  their  oily  overalls  and  old  clothes 
about  their  fstmous  mines,  and  their  success 
is  to  be  attributed  to  a  readiness  of  purpose 
and  a  firm  determination,  enabling  them  to 
bear  with  their  trials,  to  endure  poverty 
with  all  its  humiliations,  and  to  turn  its 
very  bitternesses  into  sources  of  advance- 
ment. 

James  G.  Fair  died  in  March,  1895,  but  John 
W.  Mackay  still  lives  in  the  enjoyment  of 
the  wealth  in  whose  acquirement  he  spent  so 
much  energy  and  labor,  and  displayed  such 
thought  and  commendable  persistence  in  his 
earlier  days. 

VHEN  EDUCATION  REALLY  BEGINS. 


PR  many  men,  education  really  begins 
when  they  leave  school.  Pietro  di  Cor- 
tona,  the  painter,  was  thought  so  stupid 
in  school  that  he  was  nicknamed  ''Ass's 
head"  ;  and  Tomaso  Guidi  was  generally 
known  as  "Heavy  Tom  "  (Massaccio  Tom- 
asaccio),  though  by  diligence  he  after- 
wards raised  himself  to  high  eminence. 
Newton,  when  at  school,  stood  at  the  bottom 
of  the  lowest  form  but  one.  The  boy  above 
Newton  having  kicked  him,  the  dunce 
showed  his  pluck  by  challenging  him  to  a 
fight,  and  b^t  him.  Then  he  set  to  work 
with  a  will,  and  determined  also  to  vanquish 
his  antagonist  as  a  scholar,  which  he  did, 
rising  to  the  top  of  his  class.  Many  of  our 
greatest  divines  have  been  anything  but 
precocioas.  Isaac  Barrow,  when  a  boy  at  the 
Charterhouse  School,  was  notorious  chiefly 
for  his  strong  temper,  pugnacious  habits, 
and  proverbial  idleness  as  a  scholar ;  and  he 
caused  such  grief  to  his  parents  that  his 
&ther  used  to  say  that,  if  it  pleased  God  to 
take  from  him  any  of  his  children,  he  hoped 
it  might  be  Isaac,  the  least  promising  of 
them  all.  Adam  Clarke,  when  a  boy,  was 
proclaimed  by  his  father  to  be  **  a  grievous 


dunce'' — though  he  could  roll  large  stones 
about.  Dean  Swift  was  **  plucked  "  at  Dub- 
lin University,  and  only  obtained  his  recom- 
mendation to  Oxford  by  special  favor.  The 
well  known  Dr.  Chalmers  and  Dr.  Cook 
were  boys  together  at  the  parish  school  of 
St.  Andrew's ;  and  found  so  stupid  and  mis- 
chievous that  the  master,  irritated  beyond 
measure,  dismissed  them  both  as  incor- 
rigible. 

The  brilliant  Sheridan  showed  so  Uttle 
capacity  as  a  boy  that  he  was  presented  to  a 
tutor  by  his  mother  with  the  complimentary 
accompaniment  that  he  was  a  hopeless 
dunce.  Walter  Scott  was  all  but  a  dunce 
when  a  boy,  always  much  readier  for  a 
"bicker"  than  apt  at  his  lessons.  At  the 
Edinburgh  University,  Professor  Dalzell 
pronounced  upon  him  the  sentence  that 
"Dunce  he  was,  and  dunce  he  would 
remain."  Chatterton  was  returned  on  his 
mother's  hands  as  "  a  fool,  of  whom  nothing 
could  be  made."  Burns  waa  a  dull  boy, 
good  only  at  athletic  exercises.  Goldsmith 
spoke  of  himself  as  a  plant  that  flowered  late. 
Alfieri  left  college  no  wiser  than  he  entered 
it,  and  did  not  begin  the  studies  by  which 
he  distinguished  himself  until  he  had  run 
half  over  Europe.  Robert  Clive  was  a  dunce, 
if  not  a  reprobate,  when  a  youth;  but 
always  full  of  energy,  even  in  badness.  His 
family,  glad  to  get  rid  of  him,  shipped  him 
off  to  Madras;  and  he  lived  to  lay  the 
foundations  of  British  power  in  India.  Napo- 
leon and  Wellington  were  both  dull  boys,  not 
distinguishing  themselves  in  any  way  at 
school.  Of  the  former  the  Duchess  d' Abran- 
tes  says,  "He  had  good  health,  but  was  in 
other  respects  like  other  boys." 

John  Howard,  the  philanthropist,  was 
another  illustrious  dunce,  learning  next  to 
nothing  during  the  seven  years  that  he  was 
at  school.  Stephenson,  as  a  youth,  was  dis- 
tinguished chiefly  for  his  skill  at  putting  and 
wrestling,  and  attention  to  his  work.  The 
brilliant  Sir  Humphry  Davy  was  no  cleverer 
than  other  boys ;  his  teacher,  Dr.  Cardew, 
once  said  of  him,  "While  he  was  with  me, 
I  could  not  discern  the  faculties  by  which 
he  was  so  much  distinguished."  Indeed, 
Davy  himself  in  after  life,  considered  it 
fortunate  that  he  had  been  left  to  "  enjoy  so 
much  idleness  "  at  school.  Watt  was  a  dull 
scholar,  notwithstanding  the  stories  told 
about  his  precocity  ;  but  he  was,  what  was 
better,  patient  and  perseverant,  and  it 
was  by  such  qualities,  and  by  carefully  culti- 
vated inventiveness,  that  he  was  enabled  to 
perfect  his  steam  engine. 
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STICK  TO  YOUR  BUSINESS, 


SELF-CONFIDENCE, 


rO  much  guidance  and  restraint  hinder 
the  formation  of  habits  of  self-help. 
They  are  like  bladders  tied  under  the 
arms  of  one  that  has  not  taught  himself  to 
swim.  Want  of  confidence  is  perhaps  a 
greater  obstacle  to  improvement  tluui  is 
generally  imagined.  It  has  been  said  that 
half  the  failures  in  life  arise  from  pulling  in 
one'  8  horse  while  he  is  leaping.  Dr.  Johnson 
was  accustomed  to  attribute  his  success  to 
confidence  in  his  own  powers.  True  modesty 
is  quite  compatible  with  a  due  estimate  of 
one's  own  merits,  and  does  not  demand 
the  denial  of  all  merit  Though  there  are 
those  who  deceive  themselves  by  putting  a 
false  figure  before  their  ciphers,  the  want  of 
confidence,  the  want  of  faith  in  oneself,  and 
consequently  the  want  of  promptitude  in 
action,  is  a  defect  of  character  that  is 
found  to  stand  very  much  in  the  way  of 
individual  progress ;  and  the  reason  why  so 
little  is  done  is  generally  because  so  little  is 
attempted — as  the  old  saying  has  it,  *^  Noth- 
ing ventured,  nothing  won.** 


STICK  TO  YOUR  BUSINESS. 


ii  nr^HE  most  valuable  rule  in  life,**  says 
1  Richard  R.  Donnelley,  the  "  prince 
of  printers,*'  in  Chicago,  **  is  to  stick 
to  your  first  deliberately  chosen  business. 
Stick  to  it  through  thick  and  thin ;  stick  to 
it  in  adversity  as  well  as  in  prosperity.  In 
many  instances  the  great  and  successful 
enterprises  of  today  were  abandoned  by  for- 
mer owners,  disheartened  by  small  returns, 
and  tempted  to  other  adventures  by  alluring 
and  perhaps  deceptive  appearances.  Stick — 
stick — stick — whether  your  line  is  typeset- 
ting, or  pork-packing,  or  dealing  in  dry  goods 
or  any  other  kind  of  goods  I " 

Richard  Robert  Donnelley  began  life  as  a 
printer's  boy.  He  was  bom  in  the  pros- 
perous city  of  Hamilton,  Canada,  November 
15th,  1836;  his  parents  had  recently  come 
from  Ireland,  his  father  being  Irish,  and 
his  mother  English.  The  Donnellejng  of 
Armagh  had  for  centuries  been  manufac- 
turers of  linen.  His  mother  was  Jane  Eliot, 
and  traced  her  lineage  back  to  Sir  John  Eliot, 
one  of  the  great  men  of  Cromwell' 8  time. 

Widow  Donndley  sent  her  boy  to  the 
Hamilton  public  schools.  He  and  his  mates 
determined  to  emigrate  to  Jamaica,  and  made 
a  bank  of  a  teapot,  wherein  to  deposit  their 
shillings  for  the  voyage.  Playing  truant  to 
see  the  circus  put  an  end  to  the  dream  of 


Jamaica,  and  also  to  Donnelley*  s  school  life. 
He  was  apprenticed  to  the  printers*  trade, 
and  duly  initiated  as  office  drudge.  Soon  he 
went  into  another  office  as  a  printer — at  one 
dollar  a  week  for  wages — and  boarded  at 
home. 

The  boy  began  to  read  evenings.  His  new 
life  stimulated  his  ambition.  He  contracted 
with  his  employer  to  work  nights  and  morn- 
ings and  attend  school  in  the  da3rtime.  For 
two  years  he  attended  the  high  school,  study- 
ing by  day  and  working  by  night  He 
became  a  thorough  printer,  qualified  to 
direct,  as  well  as  to  labor  at  the  case,  and 
he  looked  about  for  broader  opportunities. 
Going  to  Chicago,  he  became  a  partner  of 
William  Piggot;  thence  he  went  to  New 
Orleans  to  take  charge  of  the  job  department 
of  the  ''Delta.**  The  war  shattered  his 
fortunes,  as  it  did  those  of  many  others, 
and  he  went  back  to  Hamilton,  and  the  job 
case. 

Misfortune  could  not  crush  Donnelley, 
however,  and  a  few  years  later  he  was  back 
m  Chicago,  doing  a  large  printing  business. 
In  1870  he  led  in  organizing  the  Lakeside 
Printing  Company,  with  a  capital  of  half 
a  million  dollars.  The  great  Chicago  fire 
destroyed  their  building,  and  he  lost  $60,000 ; 
but  in  three  days  he  had  leased  a  building  at 
$5,000  a  year,  and  started  for  New  York  for 
credit  Though  he  frankly  declared  his 
wealth  was  represented  by  zeros,  he  was 
confident  he  could  soon  put  significant  figures 
before  the  ciphers. 

In  1874,  the  Lakeside  Publishing  Com- 
pany became  the  compilers  and  publishers 
of  the  Chicago  "  aty  Directory.*'  In  1880, 
the  Chicago  Directory  Company  assumed  the 
work,  under  Mr.  Donnelley*  s  management, 
which,  in  1886,  passed  to  his  son,  Richard 
H .  Donnelley.  From  a  *  *  printer*  s  devil,  * '  in 
his  native  Hamilton,  to  the  *' prince  of 
printers,**  in  Chicago,  he  stuck  to  his  busi- 
ness through  thick  and  thin  and  prospered. 
Mr.  Donnelley  has  continued  to  prosper, 
and  certainly  the  lesson  of  his  life  is  one 
to  be  studied  and  remembered  by  all  ambi- 
tious of  honorable  success. 


EDISOPra  ADVICE. 


U  Tl  THEN  you  set  out  to  do  anything, 
YV  never  let  anything  disturb  you  firom 
doing  that  one  thing.  This  power 
of  putting  the  thought  on  one  particular 
thing,  and  keeping  it  there  for  hoars  at  a 
time,  takes  practice ;  and  it  takes  a  long 
time  to  get  into  the  habit'* 


STUDENTS   WHO   HAVE   BENEFITED   THEMSELVES 

THROUGH  HOKE  STUDY 

IN  THE  INTERNATIONAL  CORKESPONDENCE  SCHOOLS, 

SCRANTON,  Pa. 


DOUBLED  HIS 

SALARY  BY  STUDY. 

The  Intenmtioiud  CoTTWpoadence  Schools 

have  i^aced  me  in  a 

I    position  to  Becaro 
I    emplo3'iiient  which 
I    brings  a  saltuT  aggre- 
I    gatjng  near!}'  twice 
I    as  much  as   I  ever 
earned    bef<»«,  and 
which    I  could   not 
have  obtained  with- 
out  the   knowledge 
acquired  by  me  from 


the 


ctio 


afforded  by  the 
fichoola.  I  am  fin- 
ishing the  balance  of  the  Complete  Mechani- 
cal CoaiBe  as  rapidly  as  possible,  in  order  to 
qnalify  myself  for  further  advancement, 
wliich  I  know  the  maaterii^  of  this  Course 
will  bring.— Jcu.  BareU  (C.  Btl),  Da  Moina, 


IS  NOV  AN 

ARCHITECT. 

I  leauned  the  carpenter's  trade  while  quite 
a  young  man.   I  soon 
felt  keenly  the  need 
of  a  technical  educa- 
tion, in  order  to  mas- 
ter the  difficult  prob- 
lems in  building, 
which  I  met  in  my 
daily  work.  A  friend 
handed  me  one  of 
the  circulars  of  The 
International  Corre- 
spondence   Schools, 
and  I  at  once  decided 
to  take  the  Archit«c- 
tnml  Drawing  and  Designing  Course.    It  has 
been  worth  several  times  its  cost  to  me.    I 
waa  soon  able  to  master  difflcuU  probleme, 
my   bnsiiiess   became   more  remunerative, 
and  my  prospects  brightened.    I  now  have 
an  architect's  office  in  this  city,  and  am 
d<HDg  a  good  business.     I  will  gladly  reply 
to  any  letters  regarding  the  Schools.— F.  L. 
lindmy  (A,  D.  90),  Waiertown,  Wv. 


I  am  very  much  pleased  with  my  Course  of 
study  in  The  Intematjonal  Correepondence 
Schools.    Since  I  enrolled  I  have  changed 
my  position  several    times,  each   position 
being  much  better  than  the  preceding.    It 
waa  due  to  the  Schools  that  I  was  able  to 
procure  my  present 
position  as  die  maker 
for  the  Yale  &  Towne 
Lock  Manufacturing 
Company,  and  also 
caused    my    promo- 
tion during  my  first 
year  with  them.  The 
knowledge  obtained 
through  my  Course 
of  study,  gives  me 
more  confidence  to 
undertake  new  work 
and  helps  largely  to 

carry  it  to  a  successfiil  issue.— itemtMl  E. 
DatuA'j  (Jf.  E.  4S),  Stamford,  Qmn. 

TORTH  TEN  TIMES 

ITS  COST. 

I  wish  I  could  be  the  means  of  every  man 
running  a  steam  plant  joining  the  Schools. 
The  aims  and  method  of  instruction   are 
well  set  forth  ia  the  Circular  of  Information ; 
but  the  benefits  to 
bederivedareuoder-    > 
stated    rather   than 
otherwise.    The  in- 
struction   furnished 
cannot  fail  to  be  a 
great  lever  for  the  ad- 
vancement of  engi- 
neers in  knowledge 
and    position.  .  The 
information  I  gained     , 
by    completing    the     ' 
Stationary    Enf;i- 
neere'  Course  of  The 

International  Correspondence  Schools  has 
been  invaluable  in  my  work  as  chief  engi- 
neer of  a  lai^e  manufacturing  plant.  I  would 
not  take  for  my  course  ten  times  its  cost. — 
Jtdian  it.  Tmbdl  (S.  E.  60S),  Milford,  N.  H. 


STUDENTS  WHO  HAVE  BENEFfTED  THEMSELVES. 


EDUCATION  AND  PRACTICE 

ENSURE  PROSIOTIOTI. 

Il  htu  been  two  years  eince  I  finished  tfae 
Complete  Co«l  Min- 
ing Coutse  of  The 
Intanalional  Corre- 


theayatem  of  inetruc- 
tion  too  b  ighly ,  as  tlie 
knowledge    gained 
Ihrougb  the  Gonroe 
haa  been  of  great 
benefit  to  me.    Be- 
fore enrolling  in  the 
Schools,  I  was  a 
miner,  but  through 
the  efficient  method 
of  inBtruction,  I  have  been  fitted  to  fill  any 
position  in  and  around  a  coal  mine.    Shortly 
after  beginning  to  study,  I  was  appointed 
foreman  in  one  of  The  Union  Pacific  Coal 
Company's  mines,  and  from  foreman  have 
been  promoted    to   superintendent,  which 
position  1  have  filled   ever  since.    Every 
coal  miner  ahonld  fit  himself  toaaanme  the 
management  of  mines  by  taking  this  Couree. 
-^otqtk  WaUon  { C.  M.  BBS),  Baldvnn,  Cot. 

HOTJTHLY  SALARY 

ADVANCED  $25ja 
My  early  education  was  limited,  as  at  the 
age  of  ten  I  went  to 
work  in  the  mines. 
About  twelve  years 
later  I  b^an  to  at- 
tend   night   school, 
and  after  a  while  ob- 
tained a  position  aa 
engineer  at  $50.00 
per  month.    After 
spending    almost 
$100.00  on  textbooks, 
I  found  that  I  conld 
scarcely   understand 
them.    From  the 
little  I  gained  in  this  manner,  1  obtained  an 
advance  of  $10.00  per  month.    About  this 
time  1  enrolled  in  the  Sch<x)l§.    After  study- 
ing a  few  months,  I  was  olTered  a  position  at 
an  advance  of  $15.00  per  month.    This  I 
still  hold,  and  have  completed  my  Course. 
The  firm  recently  gavfe  me  an  advance  of 
$10.00  per   month    unrequeeted,    making  a 
direct  benefit  of  $25.00  per  month  since  enter- 
ing the  Kchool.    I  learned  ten  times  more 
rapidly  in  the  Course  than  Irom  textbooks. — 
That.  Aintworth  (C  M.  844),  Lyont,  Kantat. 


One  ye&r  ago  last  &Iay  I  took  up  the  Elec- 
trical   Engineering  Course  of  The   Inter- 
national Correspondence  Schools,  being  then 
employed  as  lathe  hand  in  the  shops  of  The 
Western  Electric  Company  of  New  York, 
N.  Y.,  at  $4.00  a  week.    By  study mg  one 
hour  before  break&st,  and  two  hours  at  night, 
I  qualified  myself  for  advancement  and  was 
rapidly   promoted, 
my  wages  being  suc- 
cessively $4 .  50,  $5 .  00, 
$5.50,  and  $6.00  per 
week,  with  the  po«- 
tion  of  electrical  tee- 
ter.   Continuing  my 
studies,  I  waa  ad- 
vanced from  one 
position  to  another 
until  I  was  engaged 
as  chief  en^neer  and 
electrician   for    The 
Huntington   Rail- 
road, at  the  age  of  19.    laillhold  tliix  pivi- 
tioD  at  a  first-class  salarj',  and  must  my  that 
it  is  due  to  the  excellent  method  of  training 
and  the  completeness   of  the   Instniction 
Papers  of  the  Schools,  that  I  have  been  able 
to  assume  the  responsibilities  of  this  position 
to  the  satisfaction  of  my  employers. — Ctarenct 
F.  Tryon(M.  E.  tOSS),  JJunHnglon,  ff.  Y. 

SUCCESSFULLY  PRACTICES 

QVIL  BNGINEERINa 
It  has  been  two  years  since  I  completed 
the  Railroad  EngineeriI^;  Course  and  received 
my  diploma.    During  this  time  I  have  had 
a  succeeaful  practice  in  Railroad  Engineering 
work,  and  in  land  surveying,  and  I  have  also 
completed  the  Bridge   Engineering  Course. 
I    have  the  Bound 
Volumes  of   this 
Course,  and  from 
them,  with  tbe  In- 
struction Papers   of 
the  other  Course, 
have  gained    more 
practical  knowledge 
of  rai  Iroad  and  bridge 
engineering  than 
from    all   the    good 
books  I    have  read 
on  these  subjects,  for 
the  last  ten    years, 

which  cost  more  than  dther  of  the  Courses  I 
have  taken,  including  the  Bound  Volnmeo. 
—J.   W.  Loekbarl  (R.  448),  Blaff  Oity,  Ihm. 
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THE  TESTING  OF  STEEL 

{CkmHnued  from  the  May,  1899,  Number.) 


C.  P.  Turner. 


The   Strebs-Stbain   Diagram — Significance  op  the  Results  Observed — Value  op  the 
CJold-Bending  Test — Examples  op  Broken  and  Bent  Test  Specimens. 


AFT£R  a  specimen  has  been  broken  as 
.  deecribcKl,  and  the  broken  pieces  are 
placed  with  the  fractured  ends  together, 
it  is  foand  that  the  marks  made  on  the  original 
bar  are  farther  apart  than  before  the  test, 
showing  that  the  steel  has  stretched  before 
breaking.  With  very  hard  steel  the  amount 
of  stretch  is  comparatively  small,  although 
there  is  always  a  measurable  change  in  the 
length  of  even  the  hardest  and  most  brittle 
steel.  The  softest  steels  stretch  a  great  deal ; 
the  length  generally  used  as  a  standard  from 
which  the  stretch  is  calculated  is  8  inches, 
and  with  the  best  grades  of  soft  boiler  plate 
or  rivet  steel  an  elongation  of  2  inches,  or 
25  per  cent,  of  the  original  length  of  8 
inches,  is  common,  while  more  than  30  per 
cent,  is  sometimes  obtained. 

The  relation  between  the  pull,  or  stress j  on 
the  specimen  and  the  correspc^hding  change 
in  length,  which  engineers  now  generally 
call  9train,  or  deformatumy  is  best  shown  by 
means  of  what  is  called  &  stress-strain  diagram. 
f^.  4  is  such  a  diagram  for  a  specimen  of 
soft  niachinery  steel.  On  this  dis^am  the 
vertical  distance  from  the  horizontal  line 
o  X  of  any  point  on  the  irr^ular  line  oabcd 
represents  the  stress,  in  pounds  per  square 
inch  of  sectional  area,  on  the  specimen, 
while  the  corresponding  strain  is  repre- 
sented by  the  horizontal  distance  of  the 
same  point  from  the  vertical  line  o  y.  Each 
of  the  small  spaces  above  the  line  o  x  repre- 
sents a  stress  of  1,000  pounds  per  square 
inch,  while  each  similar  space  from  the  line 
o  y  towards  the  left  represents  an  elongation 
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of  the  specimen  of  0.01  inch,  the  original 
length  in  this  case  being  6  inches. 

An  inspection  of  the  diagram  shows  that 
the  elongation,  when  the  stress  has  reached 
40,000  pounds  per  square  inch,  is  less  than 
xirr  iiich,  and  that  up  to  this  point  the 
elongation  increased  in  almost  exact  propor- 
tion to  the  increase  in  the  load.  Above  the 
point  a,  corresponding  to  the  stress  of  40,000 
pounds  per  square  inch,  the  elongation 
increased  more  rapidly  than  the  increase  in 
the  load,  as  is  indicated  by  the  curve  from 
a  to  6.  At  6,  when  the  stress  has  reached 
an  intensity  of  about  43,300  pounds  per 
square  inch  and  the  specimen  has  stretched 
about  ^V  inch,  there  is  a  sudden  change  ;  the 
specimen  stretches  rapidly  with  almost  no 
increase  in  the  stress  until  the  point  c  is 
passed,  after  which  the  load  increases  slowly 
again  until  the  maximum,  about  63,000 
pounds  per  square  inch,  with  a  total  elonga- 
tion of  1.96  inches,  or  nearly  33  per  cent,  of 
the  original  length  of  6  inches,  is  reached. 
In  order  to  show  the  diagram  on  as  large  a 
scale  as  possible,  the  part  beyond  the  1.10- 
inch  mark,  which  represents  that  part  of 
the  test  during  which  the  area  of  the  speci- 
men decreased  before  the  break  occurred,  is 
omitted. 

We  will  now  consider  the  significance  of 
the  different  features  of  the  test,  as  shown 
by  the  diagram.  From  o  to  a  we  have  seen 
that  the  strain  is  almost  exactly  proportional 
to  the  stress ;  that  is,  between  these  points 
the  increase  in  the  length  of  the  specimen 
for  each  increase  in  the  load  of,  say,  1.000 
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pounds,  is  always  nearly  the  same.  Further, 
if  a  load  less  than  the  40,000  pounds  had 
been  applied  and  then  removed,  it  would 
have  been  found  that  the  specimen  returned 
to  its  original  length;  such  a  load  would 
have  produced  no  perceptible  set,  or  perma- 
nent change  in  the  length  of  the  specimen,  a 
condition  which  we  express  by  saying  that, 
within  certain  limits,  the  steel  is  perfectly 
elastic.  The  limiting  stress  below  which 
there  is  no  apparent  permanent  change  in 
the  length  of  our  specimen,  is  called  the 
elastic  limit;  theoretically,  the  material  will 
safely  carry  any  load  within  this  limit.  If 
the  elastic  limit  is  not  exceeded,  the  mate- 
rial, after  a  load  is  removed,  will  return  to 
its  original  form  no  matter  how  often  such  a 
load  is  applied  and  removed. 

In  consideration  of  the  constant  propor- 
tion which  it  is  assumed  exists  between  the 
stress  and  strain,  the  very  expressive  term, 
limit  of  proportionality f  has  been  applied  to 
the  limit  below  which  each  increase  of  a 
certain  amount  in  the  load  produces  the 
same  change  in  the  length  of  the  specimen. 
Although  this  limit,  which  for  steel  gener- 
ally agrees  very  nearly  with  the  elastic  limit, 
is  seldom  considered  by  American  engineers 
and  writers  of  textbooks  on  the  mechanics 
of  materials,  a  factor  that  is  much  used  in 
calculations  pertaining  to  the  deflection  of 
beams  and  springs  is  based  on  the  theory 
of  the  proportionality  of  stresses  and  strains  ; 
this  factor,  called  the  coefficient,  or  modulus, 
of  elasticity,  is  the  result  obtained  by  dividing 
the  stress  on  each  unit  of  area  of  the  section 
of  a  specimen  by  the  resultant  strain  in  each 
unit  of  its  length.  The  English  unit  of 
stress  generally  employed  for  this  purpose 
is  the  pound  per  square  inch ;  using  this 
unit,  the  coefficient  of  elasticity  is  the  quo- 
tient obtained  by  dividing  the  product  of 
the  original  length  on  which  the  elongation 
is  measured  and  the  total  stress  in  pounds 
by  the  sectional  area  of  the  specimen  in 
square  inches  multiplied  by  the  total  elonga- 
tion in  inches.  The  coefficient  of  elasticity 
may  also  be  defined  as  the  load  in  pounds 
that  would  stretch  a  specimen  having  a 
sectional  area  of  one  square  inch  to  twice  its 
original  length,  assuming  the  limit  of  pro- 
portionality to  be  sufficiently  high  to  permit 
of  this  deformation  under  a  constant  ratio  of 
stress  to  strain. 

It  is  interesting  to  note  that  the  coefficient 
of  elasticity  for  all  grades  of  steel  is  practi- 
cally the  same,  about  29,000,000.  The  very 
delicate  measurements  involved  in  its  deter- 
mination leave  the  exact  value  somewhat  in 


doubt,  different  observers  having  obtained 
values  differing  considerably  from  the  coef- 
ficient here  given. 

We  have  seen  that,  within  the  elastic  limit, 
as  shown  by  the  diagram,  the  total  elonga- 
tion of  the  6-inch  specimen  is  less  than 
•x^  inch,  and  that  this  change  in  length 
requires  the  application  of  a  stress  of  40,000 
pounds  per  square  inch.  The  diagram  abo 
shows  that,  for  the  first  increase  of  3,000 
pounds  in  the  intensity  of  the  stress  beyond 
the  elastic  limit,  the  rate  of  elongation 
increases  quite  slowly,  the  total  elongation, 
under  a  stress  of  43,000  pounds,  being  less 
than  ^  inch.  These  small  changes  in  length 
can  be  accurately  measured  only  by  the  use  of 
measuring  devices  of  considerable  delicacy, 
and  much  care  must  be  exercised  in  ord^  to 
determine  the  stress  under  which  the  rate 
of  elongation  begins  to  change.  A  number 
of  very  ingenious  instruments  have  been 
devised,  which,  used  in  connection  with  the 
testing  machines  shown  in  Figs.  1  and  2, 
automatically  trace  a  diagram  similar  to 
Fig.  4.  These  autographic  devices,  while 
very  valuable  for  certain  classes  of  testing, 
are  rather  delicate,  and  require  considerable 
care  and  skill  in  their  use ;  in  order  to  pro- 
duce reliable  diagrams,  they  must  be  care- 
fully attached  to  the  specimen  and  accurately 
adjusted,  and  this  takes  more  time  than  is 
generally  available  when  a  large  number  of 
tests  must  be  made. 

Our  diagram  shows  that  fix>m  o  to  a  the 
line,  even  when  its  scale  is  multiplied  five 
times,  does  not  vary  from  a  straight  line 
by  an  amount  that  can  be  detected ;  how- 
ever, by   measuring   the    changes    in  the 
length  of  specimen  with  micrometer  calipers 
measuring  to  Tvimr  inch,  it  is  found  that 
the  point  where  the  line  begins  to  curve  is 
considerably  below  the  point  where  such 
curvature  is  perceptible  on  the  diagram ;  in 
other  words,  the  true  elastic  limit  is  not  at 
the  point  indicated  by  a,  but  at  some  point 
considerably  below  it.  It  is,  in  fact,  altogether 
probable  that,  if  we  were  able  to  make  meas- 
urements sufficiently  small,  it  would  be  found 
that  steel  is  not  perfectly  elastic  under  even 
the  least  stress,  and  that  any  load,  however 
small,  produces  some  permanent  set     For 
all  practical  purposes,  however,  we  are  justi- 
fied in  saying  that  there  is  a  limit  within 
which  the  recovery  of  its  original  form  is 
complete,  no  matter  how  often  the  stress  is 
repeated. 

Various  arbitrary  rules  have  been  pro- 
posed for  locating  the  true  elastic  limit  on 
a  diagram  similar  to  that  shown  in  Fi^.  4  ; 
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these  meUiods,  however,  serve  merely  to 
locate  a  point  on  the  cnrve  which  eetah' 
liehee,  with  &  modent«  degree  of  uniformity, 
a  Btreea  that  bean  a  certain  relation  to  the 
elastic  properties  of  the  material,  but  they 
do  not  definitely  locate  the  true  elastic 
limit,  and,  in  the  opinion  of  the  writer, 
they  are  of  comparatiTely  little  practical 
value  in  det«rmining  the  propertiee  of  the 
tpecimen  and  ita  value  oe  a  material  for 
conatractive  pnrpoeee. 

There  ia,  however,  one  feature  of  our  dia- 
gmm  which  markB  s  perfectly  definite  stage 
in  the  effect  of  the  etreea  on  the  specimen, 
and  one  that  is  readily  detfirmined  in  ordi- 
natj  testing,  without  the  use  of  delicate 
instrmuents  or  much  loea  of  time.  From 
b  to  c  the  diagram  shows  that  in  the  length 


specimen  during  the  process  of  forging  or 
rolling  suddenly  begins  to  loosen  and  Sill  off. 
As  previously  explained,  the  point  at  which 
the  specimen  suddenly  elongates,  without  an 
increase  in  the  stress,  is  sdentiBcally  known 
as  the  yidd  point,  while  in  practical  commer- 
cial testing  it  ie  commonly  called  the  dailic 
limU.  In  much  the  greater  number  of  reports 
of  tests  on  epedmens  that  are  sent  out  from 
the  rolling  mills,  the  value  qnot«d  as  the 
elastic  limit  ia  really  the  yield  point  as  deter- 
mined by  the  simple  methods  described 
above.  Although  this  point  is  not  sdentiflc- 
ally  as  correct  a  gauge  of  the  properUes  of 
the  material  as  the  theoretically  true  elastic 
limit,  it  ie,  on  account  of  the  ease  and  cer- 
tainty with  which  it  is  determined,  practi- 
cally a  more  reliable  guide  to  the  steel  maker 


of  6  inches  the  specimen  elongated  about 
.12  inch,  or  nearly  i  inch,  with  very  little 
change  in  the  strras.  A  little  practice 
enables  the  operator  to  detect  this  period 
in  the  test  without  the  use  of  any  special 
inetmments,  particularly  with  all  but  the 
hardest  grades  of  steel.  As  the  stress  is 
applied  to  the  specimen,  it  is  found  that 
ap  to  this  point  the  poise  must  be  steadily 
moved  out  on  the  beam  of  the  weighing 
scale,  but,  when  this  point  is  reached,  the 
beam  remains  stationary,  with  no  change 
of  the  poise  during  a  very  perceptible  length- 
ening of  the  specimen  under  the  action  of 
tbestrees.  Also,  if  it  has  notbeen  previously 
removed  by  machining,  when  this  point  in 
the  test  is  reached,  the  scale  formed  on  the 


and  steel  user  than  the  very  uncertain  theo- 
retical point.  Engineers  do  not  intentionally 
deeign  their  etnictures  to  carry  a  stress  lie 
high  as  the  tme  elastic  limit,  even  though 
such  a  stress  is  theoretically  safe;  the  almost 
universal  practice  is  to  determine  the  grade 
of  the  steel  by  the  simple  commercial  tests 
here  described,  and  then  allow  for  a  stress 
which  practice  has  shown  to  be  thoroughly 
safe  for  the  pven  conditions  and  the  gnide 
of  steel  used. 

The  next  feature  of  the  diagram,  Fig,  4, 
that  merits  our  attention  is  the  maximum 
stress  borne  by  the  specimen  before  it  finally 
begins  to  reduce  in  section  or  breaks.  This 
is  commonly  called  the  ultimate,  or  break- 
ing, strength  of  the  material,  although, owing 
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to  the  reduced  area,  the  atress  under  which 
the  specimen  flnstly  breaks  is  generally 
much  less  than  the  mazimnm,  and  Unadty 
B.  more  satisfactory  term,  has  sometimes 
been  used  to  designate  this  important  prop- 
erty of  the  material. 

In  order  to  keep  the  scale  of  our  du^nun 
as  large  aa  posaible,  that  part  bfyond  the 
point  sbowii^  the  maximum  stress  on  the 


specimen  was  omitted  ;  the  total  elongation 
of  the  specimen  was  1.96  inches  in  the  origi- 
nal length  of  6  inches,  or  32  per  cent,  of  the 
original  length. 

The  amount  of  elongation  before  fracture 
is  a  valuable  index  of  the  quality  and  prop- 
erties of  the  material.  The  softer  the  steel, 
the  greater,  in  general,  will  be  its  elongation. 
A  high  elongation  is  an  indication  of  a  metal 


of  good  quality,  one  that  is  malleable  and 
ductile  and  will  stand  considerable  defor- 
mation while  cold,  without  being  seriously 
injured— properties  that  are  especially  desir- 
able in  steei  or  iron  to  be  used  for  boiler 
plates  and  rivets. 

A  very  interesting  feature  of  a  tensile  test 
is  the  reduction  in  area  of  the  specimen  at 
the  point  where  it  Anally  breaks  ;  with  the 
softer  grades  of  steel  the  area  of  the  fractured 
section  is  often  less  than  half  the  area  of  the 
oripnal  bar,  and  the  reduction  sometimes 
exceeds  60  per  cent,  of  the  original  area- 

At  one  time  a  high  percentage  of  reduction 
was  thought  to  be  on  indication  of  a  high 
quality  of  matwial,  and  this  element  is  still 
given  considerable  weight  in  most  commei^ 
cial  testa  and  specifications,  especially  for 
those  grades  of  Bt«el  in  which  ductility  and 
toughness  are  especially  desirable  qualilles. 
If  accompanied  by  a  good  degree  of  elonga- 
tion, a  high  percentage  of  reduction  at 
the  point. of  fracture  is  an  indication  that 
the  naaterial  has  the  deurable  qualities  of 
combined  ductility  and  malleability ;  by 
itself,  however,  it  may  be  merely  an  indi- 
cation of  a  lack  of  uniformity  in  the  diam- 
eter of  the  specimen  or  of  homogeneity  of 
the  material,  which  results  in  a  rapid  failure 
at  the  weak  jioint.  These  considerations 
have  led  some  engineers  to  look  on  a  high 
percentage  of  reduction  with  oonBiderable 
suspicion. 

There  is  yet  one  other  element  of  the  ten- 
sile test  of  iron  and  steel  that  deserves  our 
notice.  The  character  of  the  fhtcture  is  gen- 
erally noted  by  the  operator,  and  ofl«a  by 
the  inspector,  when  making  commercial 
tests ;  since,  however,  this  is  a  feature  that 
cannot  be  directly  measured  and  readily 
compared  with  some  fixed  standard,  it  is  not 
given  a  great  deal  of  prominence  id  most 
tests  and  specifications,  although  to  an 
experienced  observer  it  is  regarded  as  a  moet 
valuable  indication  of  the  character  of  the 
material. 

An  excellent  method  of  testing  the  ability 
of  ateel  or  iron  to  withstand  the  effects  of 
severe  distortion  when  cold,  either  from  the 
processes  of  manufacture  or  during  subae- 
quent  use,  is  by  cold  bending.  Many  ape<d- 
ficatione  for  steel  to  be  used  for  membra  of 
bridges  or  for  boiler  plate  and  riveta — uses 
in  which  the  melal  is  subjected  to  aevere 
etresses  and  diatortion  daring  auch  opera- 
tions as  punching,  shearing,  flangiiig,  {^q^ 
riveting — call  for  cold-bending  tests,  in  addi- 
tion to  the  teats  made  by  a  testing  machl&e. 
The   bending   test   has   the   advanta^    of 
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requiring  noexpensive  outfit  for  ita  applica- 
tion, thna  making  it  available  where  the 


more    complete    tests    are    impracticable; 
vDfartnnatel]',  however,  the  methods  to  be 


of  8t«el  that  ia  satia&ctory  in  other  reepecta. 
will  readily  fulfil  these  eonditiona  when 
carefully  handled,  bending  teeta  made  in 
accordance  with  these  specifications  appear 
to  have  little  real  value,  and,  until  the 
metboda  of  making  such  teste  are  properly 
standardized,  the  results  obtained  mnet  be 
unsatisfactory. 

Figs.  5  to  10  are  from  photographs  of  a 
representative  collection  of  broken  and  bent 
test  specimens,  and  the  accompanying  table 
l^ves  BQch  chemical  and  physical  properties 
as  are  usually  determined  for  the  various 
grades  of  steel  illustrated  by  the  different 
views.  Thesespecimens.ror which tbewriter 
is  indebted  to  Mr.  C.  S,  Price,  general  mana- 
ger of  The  Cambria  Steel  Company,  are  good 
average  samples  of  the  material  produced  by 
the  Bessemer  and  open-hearth  processes  of 
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mployed  and  the  significance  of  the  results      steelmaking.  Theyillustrateveryclearly  the 


obtMned  have  never  been  well  enough 
standardized  and  classified  to  enable  ue  to 
draw  as  correct  inferences  from  such  tests  as 
themetbodseemscapableof  furnishing  when 
properly  developed.  The  "  Manufacturer's 
Standard  Specifications  for  Structural  Steel " 
demand  bending  tests  for  the  difieront grades 
of  steel  commonly  used  for  strtictural  pur- 
poses. The  angle  of  the  bend  in  each  case  ia 
180°,  and  the  inner  radiuB  of  the  bend  varies 
from  0  for  steel  having  a  tenacity  of  62,000 
poonds  per  square  inch,  or  less,  up  to  one- 
half  of  the  thickness  of  the  specimen  when 
the  tenacity  does  not  exceed  70,000  pounds 
per  sqnare  inch.  The  specimens  must  stand 
this  test  without  fracture  on  the  outside  of 
the  bent  portion.    Since,  however,  a  quality 


results  obtained  by  such  tests  as  have  been 


described,  and  will  give  the  reader  a  very 
good  idea  of  the  great  range  of  properties 
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ihttt  ue  covered  hy  the  different  mnterialB 
clawed  together  under  the  very  indefinit« 
name  of  steel. 

An  inepection  of  the  table  ahowsataglance 
that  the  principal  fitctor  in  determininK  the 
Btrength  and  hardneee 
of  the  material  is  the 
percentage  of  carbon 
in  its  composition. 
Important  as  this  ele- 
m^it  is,  it  ie  interest- 
ing to  not«  how  small 
a  proportion  ii  actually 
present,  and  what  a 
narrow  rang«  of  per- 
centages is  included 
between  the  ^^  of  1 
per  cent,  of  carbon  in 
No.  7,  the  softest  and 
moat  ducti  ie  specimen , 
and  the  ^  of  I  per 
cent  in  the  hard  and 
comparatively  brittle 
material  of  specimen 
No.  2.  These  limits 
are  seldom  exceeded 
in  steel  made  by  the 
Bessemer  and  open- 
hearth  processes, 
although  more  than 
1  per  cent  of  carbon  is 
sometimes  found  in 
special  grades  of  open- 
hearth  spring  steel. 

Of  the  other  ele- 
ments,   phosphoma  F:a. 
and  manganese  have  a 
hardening  effect,  as  will  be  seen  by  a  com- 
parison of  the  physical  properties  of  Nob. 
4,  9,  and  12.    The  percentage  of  carbon  is 
practically  the  same  in  each  of  these  speci- 
mens, and  the  differ- 
ences in  their  strength 
and  ductility  may  be 
attributed    to  the 
differences  in  their 
percentages   of  phos- 
phorus and    manga- 
nese.    Phosphorns, 
#hite  it  adds  to  the 
strength  and  hardness 
of  steel,  is  one  of  the 
most  undesirable  ele- 
menta   in   its   compo- 
sition, since  it  makes 
the  metal  coW  (Aort;  i 
unreliable  when  cold. 

In  its  effect  on  the  strength  of  ateel,  sul- 
phur ia  not  as  marked  as  the  other  elements 


s  brittle  and 


noted  in  the  table,  bat  it  has  the  very 
undeaiiable  effect  of  making  the  metal  brittle 
when  hot,  and  therefore  difficult  to  work  in 
the  tolls  and  foi^e— a  condition  that  is  ctm- 
monly  expressed  by  the  term  red  shortnai. 
The  different  degrees 
of  ductUity  indicated 
by  the  columns  in  the 
table  which  give  the 
percentages  of  elonga- 
tion and  reduction,  are 

marked  manner  by 
the  appearance  of  the 
ends  of  the  different 
specimens,  as  shown  in 
Figs.  6  to  8.  Figs.  5 
and  7  show  that  the 
fractured  ends  of  the 
harder  stedls,  Nos.  1 
to  4,  have  very  little 
reduction  from  the 
original  size  of  the  bar, 
and  that  the  fractured 
surfaces  are  compara- 
tively flat,  rough,  and 
crystalline  in  appear- 
ance, and  lie  at  nearly 
right  angles  to  the 
length  of  the  bar  ;  this 
is  especially  true  of  the 
hard  specimen,  No.  2. 
The  different  views 
of  the  softer  specimens 
show  very  clearly  the 
9.  change  in  section  that 

takes  place  when  steel 
of  this  character  is  broken  by  a  direct  pnll. 
They  also  show  that  the  fractures,  instead 
of  being  comparatively  even  and  square  with 
the  bar,  are  very  irregnlar.  The  fracture  of 
_  such  steel  often  takes 

a  form  which  is  com- 
monly described  as  a 
tup,  or  half  cup,  one  of 
the  ends  being  dther 
wholly  or  in  part  con- 
cave, as  is  shown  in 
the  enlarged  end  views 
in  Fig.  6,  while  the 
other  is  correspond- 
ingly convex.  In  some 
cases,  however,  espe- 
cially with  flat  bare, 
the  fractured  ends  are 
nearly  flat  and  smooth,  but  their  surfkcca, 
instead  of  being  nearly  at  right  angles  to  the 
length  of  the  bar,  aa  in  the  case  of  Nos.  1  to4, 
form  an  angle  of  aboat45°  with  it.     Instead 
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of  the  rough,  cryitatline  surface  not«d  for  the 
hard  iteele,  the  fracture  of  the  soft  grades 
baa  a  surface  which  slightly  reeemblee  the 
glossy  appearance  of  woven  ritk,  thus  giving 
the  name  "silky"  commonly  applied  to 
this  frBClnre.  In  many  cases  the  broken 
ends  of  these  bars  of  eoft  steel  present  a 
slightly  BbrooB  appearance,  almoet  like  that 
of  a  bundle  of  the  finest  filaments  of  eilk  ; 
in  steel  made  by  a  process  in  which  the 
metal  is  rolled  or  forged  from  ingots  cast 
ftom  a  liquid  maas  there  is,  however,  but 
little  if  any  real  fiber,  anch  as  eziets  in  good 
wrought  iron. 

The  centers  of  the  broken  bars  of  medium 
carbon  steels  generally  show  a  dull  and 
slightly  granular  strac- 
tore,  which  gradually 
merges  iqto  the  crys- 
talline when  the  steel 
is  comparatively  high 
in  carbon,  or  into  the 
silky  for  softer  grades. 
This  condition  is  quite 
cle&xly  shown  in  speci- 
men No.  4  of  Fig.  7  and 
the  two  specimens  of 
soft  steel  in  Fig.  6. 

The  remits  that  may 
be  obtained  by  bend- 
ing specimens  of  good 
mUd  steel,  cold,  are 
very  clearly  shown  in 
Rga.8,9,andl0.  The 
number  opposite  each 
of  these  spedmens  cor- 
responds with  the 
numbers  in  the  table 
and  the  preceding  fig- 
ures, with  the  excep- 
laon  of  13,  14,  and  16, 
which  are  fiat  speci- 
mens, cat  bcm  soft 
bridge  bars,  probably 

rolled   from   steel  of  Fig 

about  the  same  grade 
as  specimens  Nos.  6  and  8.     No.  13  was 
planed  from  a  bar  H  inch  thick,  and  No.  14 
from  a  bar  ^  inch  thick ;  while  No.  15  is  a 
ftill-dzed  spedmen  bom  a  3"  X  i"  bar. 

Specimens  Nofl.  7  and  8,  Figs.  8  and  10,  after 
being  bent  to  an  angle  of  180°,  were  flatUned 
under  a  heavy  hammer  until  the  thickness 
between  the  flattened  &cee  is  li  inch  in  No.  T 
and  1  inch  in  No.  8,  the  original  diameter  of 
the  bars  before  bending  being  I  inch. 

Specimen  No.  4,  Fig.  10,  is  particularly  inter- 
esting as  an  example  of  the  results  that 
may  be  obtained  with  rail  steel  of  a  higb 


tensile  strength.    This  {-inch  specimen  was 
bent  through  an  angle  of  more  than  ISO",  as 
shown,  to  an  inner  radius  of  lees  than  f  inch 
without  cracking  it  on  the  outer  surfiice  of 
the  bend ;   this  is  a  teet  that   is  seldom 
demanded  for  (teel  baring  a  tensile  strength 
of  more  than  75,000  pounds  per  square  inch. 
It  should  be  remembered  that  the  tests 
here  described    and   illustrated   show  the 
character  of  the  steel  when  prepare)]  accord- 
ing to  a  certain  fixed  standiud  ;  the  opera- 
tions of  hardening,  tempering,  and  annealing, 
or  of  working  at  a  temperature  much  above 
or  below  the  standard,  will  affect  the  charac- 
ter of  the  material  as  shown  by  these  tests  to 
a  very  remarkable  degree.    This  ie  espedally 
true  of  the  high  car- 
bon steels  ;   and  it  is 
on  the  proper  control 
of  these  operations, 
nearly  as  much  as  on 
the  original  nature  of 
the  metal,  that   suc- 
cessful results  are  ob- 
tained in  the  mann- 
bctnre  of  tools  and 
springs.    As  the  per- 
centage  of  carbon 
decreases,   the  effects 
of  variations  in  heat- 
ing and  sudden  coding 
become   less,    until, 
with  tbe  very  softest 
grades,  it  is  nearly 
impoasiUe  to  produce 
a  percepUble    degree 
of  hardening  when  the 
metal  is  suddenly 
quenched  from  a 
br^ht-red  heat 

The  tests  of  finished 
steel  are  made  in  prac- 
tically the  same  man- 
ner as    those  just 
10.  described,  the  princi- 

pal difference  being  in 
the  manner  of  preparing  the  specimens. 
For  teets  of  bars  and  platee,  the  speci- 
mens are  generally  prepared  by  planing  or 
milling  from  the  finished  material  a  rect- 
angular piece  about  20  inches  long,  having 
two  sides  covered  with  what  is  called  tbe 
skin  or  scale  formed  in  rolling ;  small  bars 
are  tested  full  size. 

Tests  of  large  or  irregolai  pieces  are  made 
on  carefully  turned  specimens,  cut  either 
from  the  full-sized  piece  or  from  a 
"coupon"— an  extension  forged  on  the 
main  piece  for  this  purpose. 
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UNDER  the  above  heading  a  few  remarkfl  or  caoeed  by  the  use  of  heavy  took  in  con- 
will  be  made  that  may  prove  both  oectioD  with  the  work,  be  runa  the  risk, 
interesting  and    iiiBtructive   to   those  when  passing  his  hand  around  the  end  of  a 
who  are  engaged  in  either  making  or  uaiiig  shaft,  of  having  a  creecent  cut  into  his  palm 
machiner]'.  by  the  "  razor  edge  "  left  when  finishing  in 

In  drilling  a  hole  through  a  piece  of  metal,  the  lathe? 
we  get,  as  shown  esaggerat«d  in  Fig.  1, 


raz(»'-like  edge  on  the  entering  side,  and 
a  feather  edge,  or  burr,  of  briar-like  teeth  on 
the  other.  Similar  edges  are  produced  in 
many  other  ways — in  the  lathe,  on 
the  planer,  in  the  milting  machine, 
ia  short,  by  almost  every  finishing 
tool — and  there  ie  perhaps  no  work- 
shop practice  bo  common  and 
withal  so  bad  as  leaving  these  edges 
keen  and  sharp.  For  instance,  on 
drilled  work  it  is  the  practice  to 
nm  the  drill  through  the  piece, 
and  to  call  the  hole  thus  mode 
"flniehed,"  without  removing 
either  the  rosor  edge  or  the  briar 
teeth.  The  same  practice  prevails 
where  holes  are  bored  in  pulleys, 
wheels,  boiee,  bashings,  etc. ;  even 
where  a  hub  is  faced  ofi'  before 
or  after  boring,  it  is  the  almost 
universal    practice    to    allow    the  ^ 

razor-like  edge  to  remain  ;  like- 
wise, after  reaming  a  drilled  hole 
to  exact  size  and  roundness,  the 
keen  edge  is  left  and  the  work 
passed  as  finished.  And  it  is  tho 
same  with  the  ends  of  turned 
shafting,  and  the  edges  of  milled 
or  planed  work. 

Now,  all  this  is  very  bad.    How 
many  machinists  that  will   not 
recall  cases  where,  being  unable  to 
see  to  their  satisfaction  whether 
or  not  the  holes  in  two  or  more 
parts  to  be  bolted  ti^ether  were 
in  correct  alinemenE,  they  have  thrust  their 
finger  in,  to  /etl  for  what  they  could  not  nee, 
only  toberewarded  withaatabfroma  "briar 
tooth,"  or  a  gash  cut  half  way  around  the 
finger  from  a  "razor edge,"  edges  previously 
passedas"  finished  "7  Again,  whatengineer 
or  machiniat  that  has  not  found  out  by  experi- 
ence that,  when  making  a  final  examination 
for  rough  places  or  bniices  made  in  handling, 


Did  it  ever  occur  to  the  reader  that  what 
happens  to  his  finger  under  the  above  con- 
ditions may  happen  in  a  similar  manner  to  a 
close-fitting  bolt  or  pin?  And  the  nature  of 
the  damage  in  the  latter  case  is  the 
more  alannlng,  for  the  hoU  sufiers 
as  well  as  the  bolt.  Take  the  case 
of  a  shaft  with  keen  end-edge,  upon 
which  bored  work  is  being  forced, 
the  edge  of  the  bored  hole  being 
also  keen  and  sharp :  at  the  mo- 
ment of  entering,  the  shaft  bumps 
against  the  edge  of  the  hole,  partof 
the  keen  edge  of  the  abaft  being 
turned  outward  upon  the  shaft, 
and  part  of  the  edge  of  the  hole 
being  turned  into  the  bore.  The 
damage  that  this  will  cause  depends 
on  the  weight  of  the  parts  and  the 
force  used  to  put  them  together, 
but  briar  teeth  will  thus  be  formed 
'-  that  will  be  a  menace  to  all  succeed- 

ing operations,  and  will  in  any 
case  scratch  both  the  shaft  and 
the  bore  ;  if  the  shaft  is  a  tigbt, 
forcing  fit,  it  will  probably  "end 
up"  and  have  to  be  forced  out 
again,  leaving  the  work  in  a  muti- 
lated  and  damaged  condition ; 
then   the   razor  edges  and    the 
briar  t«eth  will  have  tobe  removed 
and  the  work  of  assembling 
started  over  again.    No  amonut  of 
lubricating,  either   with    oil    or 
Pi^  ^      '    white   lead,  to  reduce   friction, 
and  no  other  artificial  means  of 
smoothing  the  way,  can  take  the  place  of 
properly  preparing  the  work  at  the  outset ; 
this  direct  preparation  should  be  done  w^hile 
the  work  is  in  the  machine,  and  no  work 
should  be  called  finished  until  it  htis  been 
done.    In  this  connection  we  may  cite  the 
practice  of  a  well-known    and  proeperooB 
manufacturing   concern — makers  of  bridge- 
work,    and    of    hoisting     and    conveying 
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machinery,  in  which  mtmy  each  detail 
conetractione  as  are  illuBtrated  through- 
out this  article  occur :  To  insure  against 
the  "unknown  quantity"  involved  when 
sharp  cornerB  are  left  on,  they  have  the 
ends  of  all  ehafta,  tight-fitting  bolte,  and 
pins  of  every  deecription  turned  off  slightly 


PabtsEecurid  ( 

at  an  angle  of  30°,  and  the  edges  of  all 
bored  holes  chamfered  off  in  the  rame 
manner,  ae  indicated  in  Fig.  2.  With  planed 
work,  the  same  general  principle  is  applied, 
but  the  angle  of  the  chamfering  is  made  45°. 
This  chamfering  is  a  matter  of  bufiineBs 
throughout  the  ahopii,  and  is  done  in  as 
direct  a  manner  as  poedble,  and  in  the 
course  of  the  other  work — not  as  an  after 
consideration,  and  not  as  if  it  applied  in 
special  cases  only,  but  always  and  invariably. 
Likewise,  it  is  understood  throughout  the 
shops  that  on  all  drilled  work  the  borrs 
and  sharp  comers  most  be  removed  by  tlie 
rise  of  a  fluted  tool  of  60°  angle,  the  tool 
used  being  made  of  such  proportions  as  to 
take  in  a  generous  range  of  work. 

When  holee  have  been  finished  in  this 
manner,  and   tight-fitting  bolts,   pins,  and 
shafts  have  had  their  sharp  comers  cham- 
fered ofi'  as  described,  all  tendency  to  Jam  or 
cut  is  at  once  removed  ;  and  the  beveled 
edgsfl  obttuned,  though  of  bnt  slight  pro- 
portioDS,  act  to  pilot,  or  direct,  the  course  of 
the  bolt,  pin,  or  whatever  it  may  be ;  thus, 
when  a  pin  is  to  be  passed  through  two  or 
more  parts,  the  chamfer  enables  it  to  draw 
the  parts  into  correct  alinement,  preventing 
trouble    from    what   would 
otherwise   be   a  source    of 
eeriouB   mischief  and  dam-  ^ 
age.    As  will  be  readily  be- 
lieved,   this   system    mate- 
rially reduces    the   cost  of 
manufacture.  j 

There  is  one  commonly 
prevtuling  practice  that  de- 
serves complete  condemnation,  and  that  is 
the  allowing  of  drill  hands  to  remove  the 
burred  edges  that  occur  (more  eepecially) 
on  eoft-9t«el  plates  and  bars,  by  means  of 
any  "weapon"  that  happens  to  be  within 
convenient  reach,  from  a  center  punch  to  a 


half-roond  file,  from  the  head  of  a  cold 
chisel  to  a  hammer  (any  old  thing  is  con- 
sidered good  enoogh  on  drilled  work),  with 
which  to  "stab,"  "  pick,"  "slash,"  or 
"clout"  the  edge  of  a  drilled  hole  into 
what  he  considers  "good  shape."  Now,  in 
every  such  case,  irrespective  of  the  kind  of 
material  being  worked  on,  be 
will  turn  much  of  the  offen- 
Hive  burr  back  info  the  hole, 
and  while  he  may  succeed  in 
removing  the  larger  part,  he 
cannotavoid  leaving  the  edge 
in  a  badly  damt^ed  condi- 
tion— a  condition  that  may 
be  fruitful  of  serious  and 
costly  trouble  later  on. 

It  was  not  the  writer's  purpose  at  the 
outset  to  make  any  special  mention  of  drill- 
ing tools  as  such  ;  yet  it  may  be  entirely  in 
order  and  of  some  service  to  point  oat  that 
the  amount  and  character  of  the  burr  on  the 
under  aide  of  a  drilled  hole  is  very  largely 
dependent  on  the  condition  of  the  drill 
itself.  A  dull  drill  always  forces  out  a  large 
burr,  and  in  addition  tends  to  bulge  the 
work  itself,  while  a  keen  drill,  properly 
ground,  will  produce  clean  work,  with  small 
burrs  and  no  bulging  whatever. 

There  is  more  than  one  good  way  of 
removing  a  burr  from  drilled  work,  thongh 
the  best  is  to  employ  the  fiuted  tool  already 
described.  Where  it  is  desired  to  perform 
the  operation  by  hand — in  cases,  say,  where 
only  a  small  number  of  pieces  are  to  be  done 
at  one  time — the  next  beet  thing  is  to  have 
a  tool  resembling  a  carpenter's  brace,  but 
specially  adapted  to  firmly  hold  the  shank 
of  the  fluted  tool.  It  should  be  explained 
that  the  flutes  in  this  tool  should  beirr^^lar 
in  depth  and  spacing,  so  as  to  avoid  the 
chattering  and  consequent  "chatter  marks" 
that  will  otherwise  be  produced  on  most 
metals.    If  correctly  made,  the  same  tool 


can    be  used  with  fatiafactory  results  for 
holes  up  to  2  inches  in  diameter. 

For  boles  larger  than  2  inches,  and  where 
the  surface  of  the  hole  is  curved,  or  irregu- 
lar, or  not  at  right  angles  to  the  hole,  a  hand 
scraper  can  be  used  with  advantage.    A  very 
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desirable  double-edged  scraper  for  this  work 
can  be  made  out  of  an  old  file,  say  8 
or  10  inches  long,  by  grinding  off  the  teeth 
until  two  perfectly  clean-cutting  edges  are 
obtained.  When  once  familiar  with  the 
use  of  a  tool  of  this  kind,  the  workman  will 
find  it  an  easy  matter  to  remove  the  burred 
and  the  sharp  edges  from  holes,  and  the 
resulting  condition  will  be  satisfactory  in 
every  way.    The  tool  cannot  be  prepared 


mi 
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too  carefuUy,  because  it  will  last  for  a  long 
time  without  being  resharpened. 

Not  long  ago,  it  became  a  matter  of  impor- 
tance to  the  writer,  in  connection  with  a 
certain  job,  to  obtain  tight  forcing  fits  with 
the  lowest  possible  forcing  pressure,  as  indi- 
cated by  the  hydraulic  press.  One  day,  a 
shaft  3  inches  in  diameter  was  being  pushed 
into  a  hub  10  inches  long,  when  the  gauge 


indicated  a  pressure  much  higher  than  was 
admissible  for  the  thickness  of  stock  in  the 
hub,  showing  that  the  fit  was  too  tight  On 
removing  the  shaft  it  was  found  that  the  old 
story  was  being  told  over  again :  A  small 
sharp  burr  on  the  edge  of  the  hole  had  been 
turned  in  when  the  shaft  was  entering,  had 
rolled  and  crawled 
in  with  the  shaft, 
gathered  in  volume 
as  it  went  along,  and 
finally  balled  up  into 
a  wad,  which,  if 
pressure  had  been 
continued  and  in- 
creased, would  have 
gradually  grown 
until  an  infinite 
pressure  would  have 
been  required  to 
move  it.  Even  as  it 
was,  when  the  shaft 
was  forced  out  in 
the  direction  it  had 
been  entered,  it  car- 
ried along  with  it  a  large  portion  of  the  £Ace 
of  the  hub,  and  consequently  completely  dis- 
figured the  work. 

Careful  consideration  of  this  subject  will 
demonstrate  that  on  all  classes  of  machine 
work  it  pays  to  remove  the  "briar  teeth" 
and  "  razor  edges.'' 


A  Bolted  Detail. 


HO^V  TO  READ. 


Extracts  from  an  Essay  by  the  President  of  Lake  Forest  University. 


THE  successful  reader  is  one  who  thinks 
more  than  he  reads.  The  advantage  of 
reading  is  in  the  obtaining  of  informa- 
tion or  ideas  which  are  then  brooded  over, 
as  a  hen  broods  over  her  eggs,  and  are  made 
productive  of  new  life  and  of  new  beauty. 
The  saying  that  mankind  may  be  divided 
into  two  classes,  those  who  read  and  those 
who  think,  is  suggestive.  Reading  may  be 
simply  the  pouring  of  water  into  a  sieve. 
The  best  readers  are  those  who  know  how 
to  find  suggestions  that  stir  the  mind  and 
cause  it  to  make  excursions  in  n^w  realms 
of  thought.  Almost  any  worthy  book  that 
comes  into  our  hands  will  bear  more  than 
one  reading.  Indeed,  all  great  books  must 
have  more  than  one  reading  if  they  are  to  be 
appreciated. 

Were  I  to  state  the  prime  requisite  of  suc- 
cessful reading,  I  would  say  that  it  is  atten- 


tion. Many  persons  read  without  being  able 
to  get  a  clear  opinion  at  the  conclusion  of 
their  reading  as  to  the  ideas  that  have  been 
before  them.  I  knew  a  young  man,  a  student 
of  the  law,  who  was  accustomed  to  put  a 
mark  in  his  book  at  the  page  he  had  reached 
in  his  reading.  His  roommate  every  now 
and  then  would  place  the  book  mark  several 
pages  back  in  the  volume,  and  the  young 
man  never  knew  the  difference.  Attention 
sometimes  necessitates  very  slow  reading. 

Every  man  has  to  learn  for  himself  how 
to  read.  He  must  know  why  he  wishes  to 
read,  and  then  he  must  know  what  he  wishes 
to  read.  Then,  in  due  time,  if  he  reads  to 
develop  thought  and  to  insure  accurate 
expression,  he  will  acquire  habits  of  selec- 
tion and  of  proportion  that  wUl  make  his 
reading  a  success  to  himself  and  a  blessing 
to  others. 


IN  THE  WORKSHOP. 
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LoNO  Yebsus  Short  Boilbb  Tubes — Impobtant  Considbbations  Gtovebnino  the  Lbnoth. 

FiGUBING    ON    DbAPT    AbEA. 


TN  (X)NNECTION  with  the  subject  of  loco- 
1  motive  tubes,  there  are  other  directions 
than  that  mentioned  in  our  last  in  which 
a  good  thing  is  often  '  *  overdone '  '—in  that  of 
length,  for  instance. 

Of  course,  the  length  of  a  boiler  tube  is  to 
a  great  extent  fixed  by  the  type  and  design 
of  engine.  Speaking  generally,  the  length 
depends  on  the  wheel  base,  which  in  turn 
depends  on  the  type  of  engine,  the  size  of 
drivers,  and  the  nature  of  road  (as  to  curves) . 
Supposing  an  eight-wheeler  is  being  laid 
down ;  we  know  beforehand  what  work  the 
engine  is  to  do,  and  the  kind  of  fuel  to  be 
burned,  and  have  decided  on  the  steam 
pressure  and  the  size  of  the  cylinders  and 
wheels.  We  therefore  know  what  the  grate 
area  will  have  to  be.  If  for  bituminous  coal, 
we  can  generally  put  the  firebox  in  between 
the  main  and  the  rear  axle,  without  getting 
too  long  a  side  rod  ;  having  settled  on  the 
wheel  base  for  the  drivers,  w^  know  pretty 
well  where  our  truck  will  be  with  a  view  to 
good  distribution  of  the  weight.  The  deter- 
mination of  this  locates  our  cylinders  and, 
practically,  our  front  tube  sheet  also ;  and, 
the  back  sheet  being  already  located,  our 
tube  length  follows. 

Sometimes  an  extra  inch  or  two  of  width 
is  obtidned  by  making  the  upper  frame  brace 
of  slab  form  from  the  main  to  the  rear 
driver.  We  think  it  preferable,  on  the 
whole,  to  lift  the  box  up  above  the  frames 
and  so  get  yet  another  two  or  three  inches ; 
then,  also,  more  latitude  ensues  as  to  tube 
length,  as  the  box  can  be  carried  back  some- 
what and  a  longer  tube  used.  But  we  can- 
not do  much  as  regards  shortening  the  tubes, 
b^ng  restrained  by  various  considerations, 
such  as  allowing  proper  clearance  for  the 
eooentrics,  and  also  for  the  springs — in  some 
kinds  of  spring  rigging. 

For  bituminous  coal  the  box  can  be 
shortened  and  so  a  longer  tube  obtained  with- 
out increasing  the  wheel  base.  With  both 
eight-  and  ten-wheelers,  the  box,  when  it  is 
above  the  frame,  can  be  carried  back  over 
the  rear  axle  and  a  longer  tube  used,  with- 
out increasing  the  wheel  base.  In  consoli- 
dation engines  we  naturally  have  long  tubes. 


for  the  firebox  has  to  be  kept  back  of  the 
third  pair  of  coupled  wheels,  assuming  them 
to  be  the  main  drivers.  In  eight-wheelers, 
when  a  large  barrel  occurs  in  conjunction 
with  large  drivers,  the  boiler  has  often  to  be 
set  so  high  that  a  firebox  of  normal  depth 
naturally  takes  a  position  above  the  frames. 
The  designer  should  see  to  it  that  the  tube 
is  not  too  long  for  its  diameter ;  when  pre- 
viously settling  on  the  draft  area  he  will 
have  known  approximately  what  the  tube 
length  would  be,  and  have  so  chosen  the 
diameter  as  to  prevent  undue  sagging. 
Sometimes  tubes  are  given  a  slight  camber 
to  overcome  the  tendency  to  droop. 

In  choosing  the  diameter,  the  two  extremes 
are  to  be  avoided.  As  pointed  out  last  month, 
there  are  many  evils  that  result  from  the 
tubes  being  too  small ;  and  if  too  large,  heat 
will  be  wasted  and  the  draft  will  be  sluggish, 
but,  on  the  other  hand,  the  flame  will  remain 
alive  further  in  the  tube,  and  thus  more  per- 
fect combustion  will  ensue,  and  more  of  the 
heat  from  the  coal  be  given  to  the  water. 

As  already  stated,  the  tube  length  is 
largely  fixed  by  other  considerations,  but 
designers  have  ere  now  gone  out  of  their 
way  to  obtain  a  long  or  a  short  tube, 
according  to  their  individual  preference. 
In  Europe  we  have  seen  six-wheeled  engines 
with  overhanging  cylinders  and  fireboxes; 
that  is,  the  whole  box  was  behind  the  rear 
axle.  This  was  done  not  only  to  keep 
the  wheel  base  short  (being  rigid  through- 
out), but  also  to  admit  of  a  longer  barrel  and 
therefore  longer  tubes.  On  the  other  hand, 
where  the  boiler  has  been  set  above  the 
frames,  it  has  sometimes  been  carried  just 
about  as  far  forward  as  clearances  would 
permit,  so  as  to  cut  down  the  tube  length,  the 
box  being  made  larger  to  give  the  necessary 
heating  surface.  Where  the  box  has  been 
between  the  frames,  and  also  when  above 
them,  the  main  drivers  and  truck  have  been 
brought  closer  together  with  the  above  aim 
in  view.  Often,  too,  the  box  has  been  set 
back  bodily,  to  get  a  longer  barrel  while 
keeping  the  wheel  base  the  same.  Now,  the 
first  design  (the  six- wheeler)  is  not  likely 
to  be  perpetuated,  but  the  other  practices 
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may  be  repeated,  and  we  simply  point  out 
how,  in  each  case,  a  thing  may  be  carried  to 
extremes.  The  tendency  of  a  good  many 
designers  is  to  cut  down  the  tube  length, 
knowing  that,  area  for  area,  it  is  of  much 
less  importance  than  the  iirebox  sheets,  but 
still  the  tubes  are  by  no  means  cold  bodies — 
in  feet,  from  one-half  to  five-eighths  of  the 
steam  making  is  done  by  them.  So  long  as 
the  gases  escape  from  the  front  end  of  the 
tubes  at  a  temperature  of  from  600  to  700°  F. , 
as  is  the  case  when  an  engine  is  working 
hard,  there  is  good  work  for  the  tubes  to  do, 
the  temperature  of  steam  at  180  pounds  pres^ 
sure  being  only  about  half  of  the  above.  It 
is  when  you  are  going  to  use  a  high  rate  of 
combustion  ( which  means  a  fierce  draft  and 
rapid  flight  of  the  hot  gases  to  the  stack) 
that  you  need  a  long  tube  so  as  to  prolong 
the  heat-absorbing  process. 

Before  leaving  this  subject  of  tubes,  we 
may  caution  the   young   designer   against 


losing  sight  of  the  fact  that  the  draft  through 
the  tubes  is  decreased  by  the  ferrules  in  the 
back  tube  sheet,  particularly  when  they  are 
irmde  the  tubes.  The  mistake  has  been  made 
before  now  of  simply  taking  the  normal  bore 
of  the  tube  into  account  and  forgetting  that 
it  is  really  the  ferrules  that  govern  the  gross 
flue  area ;  and,  as  it  happens,  the  ferrules 
are  put  into  the  smallest  end  of  the  tobe — an 
unfortunate  coincidence.  We  say  "small- 
est end  of  the  tube''  because  the  holes  are 
usually  made  from  i^  to  i  inch  larger  in  the 
front  tube  sheet,  to  make  it  easier  to  draw 
the  tubes  when  renewing  orreending.  So 
the  ferrules  should  not  be  forgotten. 

Now,  the  point  may  occur  to  many  :  Is  all 
the  thoughtlessness  confined  to  designers? 
Are  there  not  cases  where  the  mechanic 
overdoes  it  sometimes?  Well,  yes,  there 
are,  and  we  will  try  to  present  a  few  instances 
next  month  in  the  form  of  a  mild  indict- 
ment against  the  shopman. 


(lb  he  Continued.) 
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The  Tychonic  System  of  the  Univeksb — Theory  in  Conflict  With  Observation — Ancient 
Astronomical  Instruments — A  Modern  Hindu  Rival  op  Tycho  Brake. 


THE  pages  of  this  magazine  fr^uently  con- 
tain descriptions  of  the  superb  scientific 
instrumetits  and  wonderfrd  machines 
devised  and  constructed  in  these  latter  days 
to  assist  the  scientist  in  his  investigations  and 
thQ  laborer  in  his  work.  The  most  abstruse 
researches  of  theoretical  science,  the  greatest 
undertakings  of  practical  engineering,  and 
the  simplest  aflairs  of  life  are  alike  facilitated 
by  an  equipment  of  appliances,  each  of  which 
requires  for  its  construction  the  accumulated 
knowledge  of  ages,  and  the  mechanical  skill 
developed  by  the  training  of  successive  gen- 
erations for  centuries.  The  employment  of 
these  appliances  is  such  a  familiar  experience 
that  one  almost  forgets  that  they  are  not  as 
much  a  part  of  his  natural  environment  as  is 
the  atmosphere ;  and  when  the  scientific  and 
engineering  triumphs  of  the  last  decade  are 
reckoned  up,  due  credit  is  not  always  given 
to  the  long  line  of  faithful  toilers  who,  in 
former  decades,  patiently  and  laboriously 
laid  up  the  store  of  knowledge  that  makes 
these  triumphs  possible.  When  one  rejoices 
over  the  progress  of  this  progressive  century, 
it  is  well  to  abstain  from  imitating  the  noble- 


man that  boasts  of  the  number  of  birds  he 
has  killed,  and  forgets  to  mention  the  assist- 
ance he  received  from  the  gamekeeper.     At 
the  close  of  a  busy  and  successful  day,  when 
one  feels  that  he  has  accomplished  some- 
thing to  earn  a  night's  repose,  it  is  interest- 
ing to  consider  how  much  of  the  day's  work 
he  could  have  performed  by  his  own  unaided 
efforts,  and  how  far  he  is  indebted  to  external 
assistance :  his  breakfast  hour  is  regulated  by 
a  watch  constructed  with  marvelous  mechan- 
ical skill,  which  he  possesses  not ;  he  rides  to 
his  ofi^ce  in  a  car  propelled  by  a  mysterious 
power  of  which  he,  perhaps,  knows  little ; 
his  letters  are  written  in  indelible  ink,  on 
smooth  white  paper,  with  a  fine  steel  pen, 
none  of  which  were  made  by  him ;  his  mes- 
sages pass  under  three  thousand  miles   of 
stormy  seas,  over  a  cable  which  his  brain  did 
not  plan,  and  which  was  not  laid  by  the  toil 
of  his  hand;  his  merchandise  is  borne  to 
distant  lands  in  a  stately  ship,  though  he  did 
not  devise  the  subtle  conscience — called  a 
compass — that  directs  her  path,  nor  did  his 
genius  subjugate  the  monster  whose  throh- 
bingmighty  heart  supplies  her  motive  power; 
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if  he  ia  an  engines  or  an  astronomer,  he  ie 
continually  using  mathematical  tables  and 
formttlaa  that  the  labor  of  his  whole  life 
would  be  insufficient  to  calculate  independ- 
ently, and  he  nsee  delicat«  initruments  that 
be  could  not  constmct  for  bimeelf.    A  dis- 
tjnguiahed  writer  has  said  that  Kant  was 
an  intellectoal  Melchizedek — without  father, 
without    mother,    without    descent,   having 
neither  beginning  of  days  nor  end  of  life — 
which  is  B,  somewbat  metaphorical  way  of 
saying  that  Kant   was  intellectually  a  self- 
made  man  and  owed  nothing  to  preceding 
philosophers.   This  may  be  true  of  the  great 
philosopher,  but  it  is  absolutely  certain  that 
no  such  statement  can  ever  be  true  of  any 
worker  in  the  domain  of  pure  or  applied 
sdence,  or  even  in  the 
most  trivial  afl^ra 
of  life;  whether  we 
will  or  no,  we  are  the 
heirs  of  the  ^es,  and 
we  can  by  no  means 
escape  from  our  inher- 

Tycho  Brabe  is,  in 
many  respects,  the 
meet  picturesque  and 
interesting  personage 
in  the  honor  roll  of 
great  men  that  have 
amassed  for  us  our 
precious  heritage  of 
skill  and  knowledge. 
The  stock  of  knowledge 
that  be  inherited  was 
very  met^r  compared 
with  the  vast  Irensure 
that  has  come  to  us, 
and  be  bad  practically 

DO    inheritance    of  Tvcbo 

mechanical  skill  and 
mechanical  apparatus.  Small  as  his  her- 
itage of  skill  and  knowledge  may  appear 
to  DS,  to  him  it  seemed  great ;  and  he 
promptly  took  possession  of  it,  and  endeav- 
ored to  make  himself  so  thoroughly  master 
of  it  that  be  could  nee  it  effectively,  and  he 
resolutely  set  himself  to  investigate  the  great 
problems  of  nature  with  the  aid  of  the  rude 
instruments  used  by  his  predecessors  and 
such  improved  apparatus  as  he  could  fashion 
for  himself 

Tf  cbo  Brahe,  the  second  child  and  eldest 
SOD  of  Otto  Brahe,  a  Danish  nobleman,  who 
filled  with  credit  an  important  office  in  the 
goveminent,  was  bom  on  the  14th  of  Decem- 
ber, 1546,  in  what  was  then  the  Danish  prov- 
ince of  Scandia,  hut  is  now  the  southern 


extremity  of  Sweden,  Otto  Brahe,  on  the 
occasion  of  his  maniage,  bad  made  an  agree- 
ment with  his  brother  George,  who  was 
childless,  that  George  should  adopt  the  Grst 
son  that  should  be  born  to  Otto.  On  the 
birth  of  Tycho,  Otto  and  hie  wife  refused  to 
surrender  their  eon  to  George,  and  he  acqui- 
esced in  their  decieion  at  that  time ;  but,  on 
the  birth  of  Otto's  second  son,  George  re- 
solved to  assert  his  claim  to  the  elder  son, 
and  stole  little  Tycho.  Thus  it  came  to  pass 
that  Tycho  was  educated  by  his  uncle,  whose 
chief  ambition  was  to  have  the  boy  thor- 
oughly trained  in  philosophy  and  rhetoric, 
to  fit  him  for  a  career  of  statesmanship. 

Tycho  began  to  study  T.atin  at  the  age  of 
seven,  and  entered  the  University  of  Copen- 
hagen at  t  hirt  een. 
His  early  entrance  at 
theunivergity  does  not 
indicate  any  preco- 
cious or  phenomenal 
cleverness;  forwemnst 
remember  that  univer- 
sity requirements  for 
entrance  were  then 
much  more  limited 
than  now.  The  matb- 
'  ematical  attainments 
of  the  average  nniver- 
j  sity  student  of  that 
I  time  may  be  gai^^ed 
from  the  fact  that 
in  the  University  of 
Wittenberg  the  pro- 
fessor of  mathematics 
was  accustomed  to 
encourage  bis  students 
by  assuring  them  that 
even  the  processes  of 
Bki^e.  multiplication    and 

division  in  arithmetic 
could  be  learned  by  diligent  students  of 
average  intelligence. 

On  the  2lst  of  October,  1560,  there  occurred 
an  eclipse  of  the  siin,  which  was  visible  at 
Copenhagen,  and  Tycho  was  filled  with 
amazement  that  the  event  could  be  accurately 
predicted.  He  obtained  a  Latin  version  of 
the  astronomical  works  of  Ptolemy,  in  which 
he  diligently  sought  for  the  explanation  of 
the  methods  by  which  f  uch  predictions  were 
ma<le  ;  this  book — marked  and  annotated  in 
his  boyish  writing — is  preserved  as  a  price- 
less relic  in  the  University  of  Prague.  His 
mind  was  thus  definitely  turned  to  the  study 
of  the  heavens,  and  from  this  time  he  spent 
his  money  and  hie  energy  in  the  pursuit  of 
astronomical    knowledge.    His  uncle   used 
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every  effort  to  divert  him  from  natural 
science,  which  wae  then  considered  beneath 
the  notice  of  a  nobleman,  and  even  engaged 
a  tutor  to  prevent  the  youth  from  wasting, 
in  so  frivolous  a  pursuit,  the  valuable  time 
that  should  be  devoted  to  the  serious  study 
of  philosophy  and  classical  literature. 

At  the  age  of  seventeen,  Tycho  began  a 
series  of  systematic  observations  for  the  pur- 
pose of  computing  the  places  of  the  planets. 
His  only  instruments  were  a  pair  of  com- 
passes and  a  divided  circle.  Placing  his  eye 
at  the  joint  of  the  compasses  he  opened  the 
legs  until  they  pointed  to  two  stars ;  then  he 
laid  the  cconpasses  upon  the  divided  circle, 
and  thus  found  the  angular  distance  between 
the  two  stars.  In  this  way  he  soon  found 
that  the  actual  places  of  the  planets  differed 
widely  from  those  recorded  in  existing  books. 


tf-^. 


Fig.  1. 

Later,  he  succeeded  in  obtaining,  without 
the  knowledge  or  consent  of  his  tutor,  a 
cross-staff,  which  was  an  instrument  much 
used  by  preceding  astronomers.  The  cross- 
staff  is  shown  in  Fig.  I.  The  bar  A  B  slides 
along  the  graduated  bar  CD  in  such  a  way 
that  the  two  bars  are  always  perpendicular 
to  each  other.  At  A,  B^  and  C  are  placed 
"  sights/*  like  those  of  an  old-fashioned  rifle. 
In  making  an  observation,  the  eye  is  placed 
at  Ay  and  the  instrument  is  so  adjusted  that 
one  star  is  seen  in  the  line  A  C,  while  another 
star  is  seen  in  the  line  A  B.  The  distance 
C^  is  read  upon  the  graduated  bar  CD,  and 
then  the  angle  BAC\a  found  by  reference  to 
a  table  previously  constructed.  This  primi- 
tive instrument,  in  the  hands  of  so  skilful 
an  observer   as   Tycho,    gave   surprisingly 


accurate  results.  In  using  it,  Tycho  set  the 
most  excellent  example  of  making  sys- 
tematic corrections  for  instrumental  errors, 
and  this  example  is  followed  by  every 
astronomer  today  with  the  finest  instruments 
that  modem  skill  can  make.  In  order  to 
gain  opportunities  to  use  his  cross-staff  he 
had  to  exercise  as  much  ingenuity  to  escape 
the  vigilance  of  his  tutor  as  was  required  in 
guarding  against  the  errors  of  the  instrument 
However,  he  was  soon  relieved  of  all  restraint 
upon  his  inclinations  by  the  death  of  his 
uncle,  which  occurred  when  Tycho  was 
nineteen.  Tycho  then  proceeded  to  the 
University  of  Rostock.  During  his  uesidenee 
there  he  wrote  some  verses  on  the  occasion 
of  an  eclipse  of  the  moon,  which  happened 
on  the  28th  of  October,  1566.  In  those  verses 
he  declared  that  the  eclipse  was  to  announce 
the  death  of  the  Sultan  of  Turkey,  and  as  the 
Sultan  was  considerate  enough  to  die  at  that 
very  time,  these  verses  gained  for  Tycho  a 
good  reputation  as  a  reliable  prophet.  At 
this  period  Tycho  had  another  very  charac- 
teristic adventure — he  lost  a  piece  off  his 
nose  in  a  duel  with  another  Danish  noble, 
and  made  for  himself  an  artificial  nose  of  a 
composition-  of  gold  and  silver.  The  artifi- 
cial nose  is  said  to  have  been  as  good  as  the 
original,  though  the  historian  has  forgotten 
to  state  whether  this  remark  was  made  by  a 
partial  friend  or  a  satirical  enemy. 

About  this  time  Tycho  became  interested 
in  the  pseudoscience  of  alchemy,  which 
bears  the  same  relation  to  chemistry  that 
astrology  bears  to  astronomy.  It  was  inevi- 
table that  one  so  deeply  interested  in  astrology 
should  pay  some  attention  to  alchemy ;  for 
the  astrologers  and  alchemists  held  that  each 
planet  was  in  some  mysterious  way  corre- 
lated to  a  particular  metal,  and  the  two 
pseudosciences  were  very  closely  connected 
in  men's  minds. 

He  was  recalled  to  the  work  in  which  he 
was  destined  to  achieve  such  great  results 
by  a  startling  event  that  happened  on  the 
11th  of  November,  1672.  Returning  to  sup- 
per from  his  laboratory,  he  beheld  an  extra- 
ordinarily brilliant  star  where  no  star  had 
been  visible  before.  The  appearance  of  the 
star  was  so  unusual  that  he  summoned  his 
servants  to  assure  him  that  he  might  trust 
his  senses.  New  stars  have  frequently  been 
observed,  but  we  have  no  record  of  any  at 
all  comparable  to  this  one  in  brilliancy  and 
splendor ;  it  was  so  bright  as  to  be  plainly 
visible  in  broad  daylight  Immediately 
every  person  who  made  any  pretense  to  be 
an  astronomer  began  to  speculate  about  this 
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[HTodigy,  and  tom&keobserrationauidmeas- 
orementa  of  the  position  of  the  etar.  The 
obeeryatioDB  and  detenninatioiis  of  Tycho 
far  sarpoeaed  all  others  in  completeness  and 
accuracy  ;  indeed,  be  discovered  everythiiig 
that  cotdd  have  been  discovered  irithout  a 
telescope.  He  proved  that  this  brilliant  ob- 
ject was  a  fixed  star  whose  distance  was  far 
too  great  for  measurement,  and  he  carefully 
recorded  the  variations  of  its  brightness. 

These  thoroughly  scientific  and  very  im- 
portaJit  conclusions  were  in  his  mind  entirely 
subordinate  to  the  great  astrological  signifi- 
cance of  the  prodigy.     He  says  "  the  star 
was  first  like  Venus  and  Jupiter,  and  its 
effects  therefore  will  at  first  be  pleasant; 
but  as  it  then  became  like  Mars,  tbere.will 
follow  a  period  of  wars,  seditions,  captivity 
and  death  of  princes,  and  destruction  of 
cities,  with  dryness  and 
fiery  serpents  in  the  air, 
pestilence  and  venomous 
snakes.    Finally,  the  star 
became    like  Saturn, 
which  presages  a  time  of 
want,  death,   imprison- 
ment,  and  all    kinds  of 
sad   things."    In  com- 
menting on  this  passage, 
Kepler  says,    "If  that 
star  did  nothing  else  it 
•t  least  announced   and 
discovered    an     astrono- 
mer."     Tycho    wrol«  a 
book    setting    forth    hts 
observations  and  coacln- 
aions  r^arding  this  star, 
bat  delayed  the  publica- 
tion of  it  in  deference  to 
the  wishes  of  his  Mends, 
who  held  the  writing  of  books  to  be  deroga- 
tory to  the  dignity  of  a  nobleman. 

This  book,  when  poblished,  attracted  the 
notice  of  the  King  of  Denmark,  who  invited 
Tycho  to  retnrn  to  Denmark  and  deliver 
a  conrse  of  astronomical  lectures  in  the 
University  of  Copenhagen.  Tycho  accepted 
the  king'svery  liberal  proposal,  and  his  inau- 
gural lecture  has  been  preserved.  In  it  he 
speaks  in  glowing  terms  of  the  beauty  and 
interest  of  celestial  phenomena ;  he  asserts 
the  importance  of  continuous  systematic 
observation  ;  and  he  maintains  that  the 
science  of  astronomy  is  of  immense  prac- 
tical ntility  as  the  only  means  of  measuring 
time,  and  as  enabling  us  to  predict  human 
Gate  from  the  motions  of  the  heavenly  bodies. 

Now  that  onr  hero  is  l^ly  embarked  on 
his   caieer  as  an  astronomer,  let  as   con- 


sider what  he  derived  from  his  predecessors. 
The  astronomical  works  of  Ptolemy,  already 
alluded  to,  contained  almost  alt  the  astro- 
nomical knowledge  of  the  ancients  that  was 
of  any  value.    In  addition  to  these  works 
he  had  the  Alfonedne  tables,  which  were 
calculated  by  order  of  Alfonso  X  of  Leon 
and  Castile,  and  published  on  the  day  of  his 
accession  in  1252  ;  he  also  had  the  Prussian 
tables   published  at  the  expense  of  Duke 
Albert  of  Prussia,  and  revised  from  the  calca- 
lations  of  Copernicus  by  Reinhold,  who  was 
professor  of  mathematics  and  astronomy  in 
the  University  of  Wittenberg  fiy)m  1536  to 
1653.    Both  of  theee  sets  of  tables  abounded 
in  errors,  many  of  which  were  quite  serious  ; 
for  example,  in  1663  Tycho  observed  the 
close  approach  of  Jupiter  to  Saturn,  and 
found  the  time  predicted  by  the  Alfonsine 
tables  to  be  a  full  month 
wrong,  while  the  error  in 
the  time  predicted  by  the 
Prussian  tables  amounts 
to  several  days.    In  theo- 
retical  astronomy    the 
only  advance  upon   the 
Ptolemtuc  system  was  the 
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roborated  speculation  of 
Copernicus.  The  Coper- 
nican  theory  could  then 
derive  no  suppbrt  from 
the  science  of  mechanics, 
which  was  still  undevel- 
oped, and  it  had  not  been 
sufficiently  established  by 
agreement  with  observa- 
tions. Copernicus  him- 
self had  made  little  effort 
to  test  his  theory  by 
observation.  Indeed,  he  can  base  no  claim 
to  astronomical  fame  upon  his  skill  or 
success  as  an  observer ;  he  lived  in  a  latitude 
and  climat«  unfavorable  to  such  work  ;  his 
instruments  were  of  his  own  constmction, 
and  were  far  inferior  to  those  used  by 
earlier  astronomers ;  he  was  an  unskilful 
observer,  and  in  one  case  made  an  error 
in  the  position  of  a  star  amounting  to  40', 
which  is  more  than  the  apparent  diam- 
eter of  the  sun.  His  pupil,  Rbeticus,  urged 
upon  him  the  importance  of  the  greatest 
accuracy  of  observation.  But  Copernicus 
maintained  that  such  accuracy  was  then 
unattainable  and  unnecessary,  and  tfaat  a 
rough  agreement  between  the  theory  and  the 
observed  phenomena  was  all  that  could  be 
expected  until  more  accurate  means  of  obser- 
vation could  be  devised.  He  owes  his  exalted 
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position  in  the  foremost  mnk  of  astronomera 
to  hie  boldneee  and  readineea  as  a  theorist 
and  to  his  ability  as  a  mathematician.     In 
common  with  all  ecientific  pioneers  he  was  a 
diligeot  and  reverent  atndent  of  the  works  of 
bis  predecessors,  and  was  deeply  read  in  the 
literature  of  mathematics  and  astronomy. 
It  is  sometime*  assumed  that  he  despised  the 
ancient  theories  as  mere  idle  superatilione, 
and  be  is  honored  because  he  broke  loose 
from  the  sbacklee  of  those  saperslitions,  and 
produced  a  complete  new  theory  of  the  uni- 
verse from  his  own  brain,  as  Minerva  sprang 
all-ajmed  from  the  brain  of  Jupiter.   Nothing 
could  be  farther  from  the  truth.  With  char- 
acteristic   modesty   Copernicus    claims   no 
credit  for  his  discov- 
ery,  but  attributes  it 
as  far  as  possible  to 
the  ancients;  he  quotes 
Philolaus  and  other 
Pytha([oreane    as 
authority  for  the  doc- 
trine of    the   earth's 
motion.     Moreover, 
the  theory  proponnded 
by    him  was    by    no 
means    the   complete 
Copernican    system 
exponnded  in  modem 
books.    The  one  great 
principle  upon  which 
be  insisted  was   that 
the  apparent  motions 
of  the  heavenly  bodies 
are  partly  due  to  the 
motions  of  the  earth  ; 
and   he  made   no 
attempt    to    dispense 
with    the  Ptolemaic 
cycles  and  epicycles. 

One  grave  objection  _ 

to   the   Copernican 

theory  was  then  and  for  long  afterwards 
unanswerable.  The  eesential  point  of  his 
theory  is  that  the  motion  of  the  earth  causes 
an  apparent  motion  of  the  heavenly  bodies, 
and  yet  no  such  apparent  motion  of  the 
fixed  stars  could  be  detected.  If  the  earth 
describes  a.  great  orbit  about  the  sun,  the  posi- 
tion of  the  earth  at  any  time  is  separated  from 
the  position  it  occupied  six  months  before  by 
a  distance  eqnal  to  the  diameter  of  this  orbit ; 
and  by  the  reasoning  of  Copernicus  this  dis- 
placement of  the  earth  should  cause  an 
apparent  displacement  of  every  star,  Coper- 
nicus recognized  this  difliculty,  but  with 
wise  and  commendable  audacity  held  to 
bis  theory,  though  unable  to  explain  this 


apparently  glaring  contradiction.    This  is  by 
no  means  a  solitary  instance  of  a  tme  theory 
being  in  danger  of  rejection  because  of  its 
conflict  with  the  results  obtained  by  experi- 
ment or  observation,  and  the  adherents  of 
the  despised    theory  require  high  courage 
and  firm  faith  to  withstand  the  sneers  of 
contemptuous  opponents  and  the  irritating 
sympathy  of  skeptical  friends.    Of  course, 
Copernicus  could  not  have  persisted  in  adher- 
ing to  his  theory  if  he  had  been  convinced 
that  it  WHS  contrary  to  the  actual  facta.     He 
therefore  took  refuge  in  another  speculation 
even  more  startling  to  the  ancients  than  the 
doctrine  of  the  earth's  motion ;  be  supposed 
that  the  fixed  stara  wers  bo  far  distant  that 
their  change  of  posi- 
I    tion  due  to  the  earth's 
annual  motion   could 
not  be  detected,  and  be 
fiurthet  supposed  that 
the  fixed  etiurs  were  all 
at  the  same  distance 
from  the  earth.    The 
ideatbatthestarswere 
at  the  same  distance 
was  the  nni  versal  belief 
of  ancient  astrono- 
mers, but  the  specu- 
lation as  to  their  enor- 
mous   distances    was 
simply    suggested    to 
him  by  dire  necessity. 
He  reasoned    in    the 
following     manner: 
Suppose  the  earth  in 
six  monthsmoves  from 
£  to  E'  (Fig.  3),  and 
that  S  is  the  poeitioD 
of  a  fixed  star;  then 
the  angle  ESE'  meas- 
,  2  ures  the  apparent 

displacement  of  the 
star  due  to  the  earth's  motion.  Now,  if 
the  distance  ES  is  300  times  the  distance 
EE',  the  angle  ESE'  is  less  than  12',  and 
with  the  instruments  of  the  time  it  was 
scarcely  possible  to  detect  so  small  a  quan- 
tity. He  believed  that  a  time  would  come 
wlien,  with  improved  instruments,  aatroDo- 
mers  would  be  able  to  detect  this  displace- 
ment of  tlie  stars.  His  hope  has  been  ful- 
tilled,  his  wild  speculation  of  the  enormouB 
distances  of  the  stars  has  been  more  th&Q 
justified,  but  the  belief  that  the  stars  were 
at  equal  distances,  which  he  shared  with 
the  best  practical  astronomers  of  his  day, 
has  been  shattered  completely. 
The  book  in  which  Copemicns  published 
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these  etarUing  speculations  excited  little 
opposition  at  the  time,  chiefly  because  it  was 
written  in  technical  language,  and  could  be 
read  only  by  trained  mathematicians. 

The  theoretical  astronomy  developed  by 
Copernicus,  however  imperfect  it  may  seem 
to  us,  was  nevertheless  far  in  advance  of  the 
practical  astronomy  that  had  for  its  object 


E 
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e'  Fig.  3. 

.  the  making  and  recording  of  accurate  obser- 
vations. Further  progress  in  theory  could 
not  be  looked  for  until  a  practical  astronomer 
should  arise  and,  with  improved  instru- 
ments, make  accurate  observations  by  which 
the  theory  of  Copernicus  could  be  verified  or 
corrected,  and  provide  materials  for  those 
profound  thinkers  who  were  to  correct  and 
advance  the  theory. 

This  arduous  task  fell  to  the  lot  of  Tycho 
Brahe,  who  was  most  admirably  qualified 
for  it    Tycho  resembled  Copernicus  in  his 
familiarity  with  and  reverence  for  the  learn- 
ing of  the  ancients,  but  differed  widely  from 
him  in  other  respects.    Tycho  was  far  infe- 
rior to  Copernicus  in  power  of  keen  specula- 
tion, but  excelled  in  mechan- 
ical skill  and  in  all   those 
qualities  that  make  a  suc- 
cessful experimentalist.     It 
is  to  be  observed  that  Tycho 
entered  upon  his  work  with 
no  intention  of  verifying  the 
Copemican  theory ;  indeed, 
he  ultimately  rejected  that 
theory,  and  proposed  a 
scheme  of  his  own,  which 
is  shown  in    Fig.    4.      His 
principal  reason  for   reject- 
ing the  Copemican  system 
was  the  enormous  distances 
that  it  necessarily  assigned 
to  the  stars,  because  there 
would  thus  be  a  vast  void 
space  between  the  stars  and 
the  planets,    and  he  could 
not   believe   that   nature  would  waste   so 
much   good  space.     His  own  system  is  a 
compromise  between  the  Ptolemaic  system 
and  the  Copemican.    He  supposed  that  the 
sun  revolved  in  an  annual  orbit  about  the 
earth,  and  that  the  planets  revolved  about 
the  Bun,  while  the  whole  celestial  sphere  per- 
formed a  daily  revolution  about  the  earth. 
The  details  of  this  system  were  never  worked 


out,  and  it  was  never  accepted  by  any  com- 
petent astronomer. 

In  the  year  1576  the  Bang  of  Denmark 
gave  Tycho  the  island  of  Hven  as  a  site  for 
a  splendid  observatory,  for  which  the  king 
supplied  ample  funds.  The  foundations  of 
this  observatory  were  laid  with  most  imposing 
ceremonies.  Here  Tycho  erected  his  great 
mural  quadrant,  which  is  illustrated  in  Fig. 
2.  By  means  of  this  wonderful  instrument 
he  was  able  to  determine  the  altitudes  of  the 
stars  with  far  greater  accuracy  than  had  ever 
before  been  attempted.  In  the  illustration 
Tycho  is  seen  using  the  mural  quadrant, 
with  the  aid  of  his  pupils. 

Tycho  was  now  in  the  zenith  of  his  fame ; 
students  flocked  to  study  under  him,  and  the 
king  defrayed  the  vast  expenses  of  his  great 
establishment  by  lavish  grants  from  the  royal 
purse.  In  the  seclusion  of  his  island  observa- 
tory, he  pursued  his  work  for  twenty  busy 
years,  and  accumulated  a  splendid  series  of 
observations  far  surpassing  in  exactness  any- 
thing that  had  been  done  by  his  predeces- 
sors. His  fame  rests  solely  upon  the  com- 
pleteness and  wonderful  accuracy  of  these 
records. 

In  1596  a  new  king  ascended  the  throne 
of  Denmark,  and  he  withdrew  the  grants 
to  Tycho.    Tycho  therefore  left  Hven  and 


went  to  Bohemia,  where  he  died  in  1601. 
Tycho' 8  modem  rival  bears  the  eupho- 
nious and  easily  remembered  name  of 
Mahdmahopadhydya  Samanta  Sri  Chand- 
rasekhara  Simha,  and  is  a  native  of  India. 
The  Hindus  have  never  adopted  the  Gre- 
gorian calendar,  and  the  errors  of  their  own 
calendars  have  accumulated  to  an  intolerable 
extent,  and  great  confusion  arises  from  the 


210 


MAGAZINE  SCIENCE, 


fact  that  no  two  of  their  almanacs  agree. 
To  correct  their  calendar  and  regulate  their 
religioos  observanoes,  it  was  necessary  to 
determine  the  exact  length  of  the  year,  and 
this  can  be  done  only  by  astronomical  obser- 
vations. This  Hinda  astronomer  of  the 
nineteenth  century  set  himself  to  this  task 
with  even  less  external  assistance  than 
Tycho;  he  also  had  to  fashion  his  own 
instruments,  but  without  the  aid  and  en- 
couragement that  Tycho  received  from  a 
generous  king  and  from  pupils  that  were 
themselves  able  mathematicians  and  skilled 
astronomers.  The  Hindu  astronomer's  store 
of  inherited  astronomical  knowledge  was 
altogether  insignificant,  consisting  merely  of 
rude  records  diating  from  the  twelfth  cen- 
tury and  earlier.  Any  one  familiar  with  the 
routine  of  a  well-equipped  observatory  will 


have  a  feeling  of  sympathy  for  this  Oriental 
toiler  constructing  his  own  instruments  and 
recording  his  observations  upon  a  palm  leaf 
His  success  can  be  estimated  from  the  follow- 
ing figures :  The  errors  in  his  determination 
of  the  sidereal  periods  of  the  sun  and  moon 
are  206  seconds  and  1  second,  respectively  ; 
in  determining  the  inclinations  of  the  orbits 
of  the  planets  to  the  ecliptic,  his  greatest 
error  is  in  the  case  of  Mercury,  where  his 
error  is  about  2  minutes.  The  system 
that  he  proposes  closely  resembles  that  of 
Tycho. 

Surely  these  men  are  worthy  of  immortal 
honor  for  their  devotion  to  the  pursuit  of 
knowledge,  and  for  their  patient  endurance 
in  the  work  of  wresting  from  nature  the 
secrets  by  which  millions  of  their  fellow  men 
may  regulate  their  daily  routine. 
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A  Just  Criticism  of  a  Few  of  the  Misleading  Scientific  Articles  That  Have  Appeared 
Recently  in  Some  of  the  Most  Popular  Monthly  Magazines. 


ALL  science  may  be  divided  into  two 
broad  classes ;  namely,  science  that 
is  so,  and  science  that  imH  so.  The 
first  of  these  divisions  is  what  we  expect  to 
find  in  the  standard  treatises  that  are  written 
by  eminent  men,  and  in  the  articles  that 
appear  in  high-class  scientific  periodicals. 
It  is  true  that  we  are  sometimes  disappointed 
in  thie  expectation,  for  occasionally  we  find 
some  of  the  science  that  imH  so,  even  where 
we  should  expect  it  least.  The  kind  that 
isn't  so  is  far  easier  to  write;  and  as  the 
other  kind  can  be  produced  only  by  great 
labor,  it  is  not  strange  to  find  our  most  trusted 


*Thi8  article  i£  worth  reading  twice.  It  was  not 
written  specially  for  these  pagefl,  but  as  an  editorial 
for  "The  Locomotive,"  of  which  Mr.  Risteen  Is 
the  very  able  Associate  Editor.  It  is,  however,  pecu- 
liarly suitable  for  publication  here,  because  one  of 
the  main  objects  of  The  Mechanic  Arts  Magazine 
is  to  teach  clearly  the  science  that  i9  so.  This  is,  in 
itself,  no  easy  task,  but  it  is  made  infinitely  more 
difficult  than  it  really  should  be  by  the  publica- 
tion in  newspapers— and  especially  in  the  Sunday 
editions— of  much  sensational  science  that  vrn't  so. 
The  unfortunate  pan  of  it  is  that,  whereas  the  Sun- 
day paper  comes  weekly  and  is  read  and  believed 
by  the  million,  the  educational  periodical  comes 
but  once  a  month  and  then  only  in  thousands.  We 
consider  it  the  bounden  duty  of  every  reader  of  this 
article  to  persuade  at  least  one  other  person  to  read 
it.— Ed. 


authorities  occasionally  going  astray,  and 
giving  us  a  few  paragraphs  of  foolishness  now 
and  then. 

Beautiful  examples  of  the  kind  of  science 
that  isnH  so  can  be   found  in  the   news- 
papers, and  in  a  good  many  of  the  so-called 
**  popular  "  books.    Such  books  are  written, 
for  the  most  part,  by  men  who  have  an  idea 
that  that  mythical  individual,  '*  the  average 
man,'*  cannot  understand  the  real  facts  of 
nature,  and  they  appear  to  think  it  necessary 
to  tone  down  those  facts  and  smooth  them 
off  and  ^z,  them  up  and  elucidate  them  by 
'' popularized"  illustrations  that  are  more 
or  less  inaccurate,  until  their  books,  when 
they  are  completed,  contain  much  of  the 
second  kind  of  science ;  that  is,  much  of  the 
science  that  wn't  so.    All  of  which  is  repre- 
hensible in  the  extreme.    It  is  also  alto- 
gether unnecessary,  as  is  evident  from  the 
few  really  first-clai  popular  books  that  have 
been  produced — ^TyndalPs  "Heat  Considered 
as  a  Mode  of  Motion,"  for  example. 

To  the  two  classes  of  science  into  whidi 
most  writings  can  be  divided,  and  which  are 
mentioned  above,  an  intermediate  division, 
or  mbdcLss,  may  be  conveniently  added,  eo 
as  to  include  the  science  that  is  cUmott  so, 
but  not  quite.    For  science  of  this  sort 
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propose  the  name  '^  Magazine  Science,"  since 
it  is  in  our  leading  magazines  that  such 
science  is  nowadays  most  prominently  put 
forth.  Magazine  science,  as  thus  defined, 
may  degenerate  at  times  into  the  kind  of 
science  that  is  not  so,  but  it  seldom  rises  so 
as  to  be  clearly  in  the  class  that  U  so. 

It  isn't  long  since  ''Harper's  Magazine'' 
published  a  roseate  article  on  the  Jacques 
carbon  battery,  in  which  the  vast  possi- 
bilities that  were  said  to  be  before  that 
battery  were  suggested  in  the  most  hopeful 
terms.  This  battery  attracted  a  great  deal 
of  attention  from  the  general  public,  and 
with  the  apparent  endorsement  of  a  maga- 
zine as  favorably  known  as  Harper's,  it 
would  have  been  easy  (we  should  think)  for 
an  unscrupulous  man  to  have  organized  a 
company  that  would  have  taken  many  good 
dollars  from  men  who  could  not  afford  to 
lose  them.  We  do  not  mean  to  imply  that 
Dr.  Jacques  had  any  such  idea  in  his  head  ; 
but  we  do  mean  that  a  magazine  that  is  well 
known  and  widely  read  and  trusted  takes  a 
great  responsibility  when  it  publishes  an 
article  that  leads  thousands  and  thousands 
of  readers  to  believe  that  a  great  and  prob- 
ably profitable  invention  or  discovery  has 
been  made,  when  it  really  has  not  been 
made.  We  discussed  the  Jacques  carbon 
battery  in  the  issues  of  "The  Locomotive" 
for  August  and  September,  1896;  and  the 
correctness  of  our  view  of  the  matter  has 
been  substantiated  by  the  fact  that  the  car- 
bon battery  has  now  fallen,  to  all  appear- 
ances, into  innocuous  desuetude. 

A  recent  and  widely-discussed  example  of 

magazine  science"  occurs  in  "McClure's 
Magazine"  for  March  of  this  year,  where 
Mr.  Ray  Stannard  Baker  writes  of  ''Liquid 
Air."  The  article  contains  much  that  is  of 
deep  interest,  and  some  things  that  are  not 
so.  With  one  or  two  exceptions,  the  portions 
that  treat  of  the  experimental  data  are  appar- 
ently correct,  while  the  portions  that  deal 
with  theoretical  principles  are  sadly  in 
error.  This  is  probably  due  to  the  fact  that 
neither  the  writer  of  the  article  nor  the 
experimenter  (Mr.  Charles  E.  Tripler)  are 
very  well  informed  on  the  subject  of  thermo- 
dynamics. 

This  article  on  liquid  air  has  already 
received  much  rough  treatment  from  the 
technical  journals  and  the  newspapers,  and 
we  have  no  desire  to  add  to  the  condemna- 
tion that  has  been  heaped  upon  it.  We  have 
received  a  good  many  inquiries  about  it,  how- 
ever, and  our  readers  appear  to  expect  us  to 
go  on  record  in  the  matter  upon  one  side  or 
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the  other,  and  so  we  shall  give  our  views  as 
briefly  as  possible. 

The  part  of  the  article  which  has  provoked 
hostile  criticism  is  that  in  which  Mr.  Tripler 
speaks  of  running  an  engine  with  three  gal- 
lons of  liquid  air,  and  using  the  power  so 
developed  to  drive  a  compressor  which  pro- 
duces ten  gallons  without  being  supplied 
with  any  mechanical  energy  save  that 
obtained  from  the  three  gallons  used  in  the 
engine.  Many  of  the  critics  of  the  article 
appear  to  scent  a  perpetual-motion  scheme 
here,  in  spite  of  Mr.  Tripler' s  earnest  dis- 
claimer. Mr.  Tripler  says  that  the  heat  of 
the  surrounding  atmosphere  is  boiling  the 
liquid  air  in  his  engine  and  producing  power, 
just  as  the  heat  of  coal  boils  water  and  drives 
off  steam,  which  develops  power  in  the  steam 
engine.  He  says  that  he  is  merely  convert- 
ing the  natural  heat  of  our  atmosphere  into 
mechanical  energy,  instead  of  following  the 
usual  plan  and  obtaining  the  heat  to  be  so 
transformed  by  means  of  the  combustion  of 
coal.  This  explanation  is  a  peculiarly  seduc- 
tive one,  because  to  the  general  reader  who 
has  not  made  a  study  of  the  theory  of  heat, 
it  appears  to  be  rational  and  by  no  means 
impossible,  nor  even  improbable.  There  is 
an  obstacle  in  the  way  of  such  a  project, 
however — an  obstacle  known  as  the  "  second 
law  of  thermodynamics." 

The  transformation  of  heat  into  mechan- 
ical enei^  is  governed  by  two  general  laws. 
The  firgt  of  these  laws  states  that  whenever 
such  a  transformation  does  take  place, 
whether  in  a  steam  engine  or  a  gas  engine  or  a 
liquid-air  engine  or  a  heat  motor  of  any  other 
kind,  a  perfectly  definite  amount  of  heat 
disappears  for  every  foot-pound  of  mechan- 
ical energy  that  is  produced.  This  law  is 
quite  well  known,  and  there  is  nothing  in 
the  article  in  "McClure's  "  which  contradicts 
it  in  the  smallest  particular. 

The  second  law  governing  the  transforma- 
tion of  heat  energy  is  by  no  means  as  easy  to 
state.  It  may  be  presented  in  several  dif- 
ferent forms,  whose  equivalence  is  not  at  all 
obvious.  In  the  simplest  of  these  forms,  the 
second  law  consists  in  the  statement  that 
heat  always  tends  to  pass  from  a  hotter  body 
to  a  colder  one,  and  that  it  cannot  be  made 
to  pass  in  the  reverse  direction  (that  is, 
from  a  colder  body  to  a  hotter  one)  without 
the  expenditure  of  energy.  ( When  so  stated, 
the  law  may  be  compared,  for  the  sake  of 
clearness,  with  the  fact  that  water  always 
tends  to  pass  from  a  higher  level  to  a  lower 
one,  and  that  it  cannot  be  made  to  flow  in  the 
opposite  direction  without  the  expenditure 
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of  energy,  by  a  pump  or  other  device.) 
Although  the  "  second  law/'  when  presented 
in  this  form,  may  appear  absurdly  simple, 
yet  its  consequences  are  by  no  means  easy 
to  follow,  and  many  of  them  are  so  hidden 
that  much  patient  study  is  required  to 
trace  them  out.  Without  going  into  the 
matter  more  deeply,  we  shall  state  that  one 
of  the  many  important  consequences  of  this 
"second  law"  is,  that  it  is  impossible, 
by  means  of  any  reversible  mechanical 
device  or  combination  of  devices,  in  which 
a  working  body  is  subjected  to  a  cycUcal 
change  of  temperature,  to  derive  continuous 
mechanical  effect  from  air  or  any  other  sub- 
stance, by  cooling  it  below  the  temperature 
of  the  coldest  of  the  surrounding  objects. 
We  have  stated  this  consequence  in  a  rather 
ponderous  way,  because  when  we  are  criti- 
cising another  fellow  we  always  want  to  be 
quite  exact  in  our  own  statements.  The 
untechnical  reader  need  not  trouble  to 
cipher  out  just  what  the  foregoing  state- 
ment means,  provided  he  is  willing  to  accept 
our  assurance  that  Mr.  Tri pier's  apparatus 
is  the  equivalent  of  the  kind  of  apparatus 
there  described,  and  that  the  thing  he  is 
trying  to  do  is  the  very  thing  that  is  there 
declared  to  be  impossible.  He  subjects  a 
given  mass  of  air  to  the  following  operations : 
Firstly,  he  cools  it  and  compresses  it,  until 
it  liquefies.  Secondly,  he  allows  the  air 
thus  liquefied  to  evaporate  and  expand  in 
an  engine.  Thirdly,  in  the  course  of  this 
process  he  claims  to  have  gained  a  certain 
amount  of  mechanical  energy,  and  he  states 
that  the  mechanical  enei^gy  so  gained  is 
obtained  by  the  absorption  of  heat  from 
the  surrounding  atmosphere,  and  the  trans- 
formation of  the  heat  so  absorbed  into  work. 
That  is,  he  claims  that  the  mechanical 
energy  t^t  he  gains  is  obtained  by  cooling 
a  certain  portion  of  the  ambient  air  belmv 
the  temperature  of  the  rest  of  the  ambient  air; 
which  is  precisely  what  the  second  law  of 
thermodynamics  says  cannot  be  done  by 
such  means  as  he  employs. 

In  reply  to  these  considerations  it  may  be 
urged  that  all  human  knowledge  is  liable 
to  additions  and  corrections,  and  it  may 
be  claimed  that  Mr.  Tripler  has  discovered 
that  the  second  law  of  thermodynamics  is 
unsound,  and  that  he  has  shown  how  it  can 
be  violated.  Our  rejoinder  to  this  argument 
would  be  as  follows  : 

1.  The  second  law  of  thermodynamics  has 
been  subjected  to  the  most  searching  tests, 
by  many  physicists  and  mathematicians  of 
undeniable  ability,  and  yet  it  has  withstood 


all  these  tests  perfectly.  It  has  predicted 
many  previously  unknown  facts  which  have 
afterwards  been  verified  by  direct  observa- 
tion, and  it  has  never,  heretofore,  been 
found  to  be  at  variance  with  experience  in 
the  smallest  particular. 

2.  We  believe  that  Mr.  Tripler  is  not 
thoroughly  informed  on  the  subject  of 
thermodynamics,  for  the  following  reasons:* 
(a)  He  speaks  of  the  ''absolute  zero"  as 
''Dewar's,"  whereas  the  feet  is  that  Dewar 
has  had  nothing  to  do  either  with  the  the- 
ory of  the  absolute  zero,  or  with  the  experi- 
mental determination  of  its  position.  The 
theory  is  due  to  Lord  Kelvin,  and  the 
experimental  determination  of  the  position 
of  the  point  is  due  to  Kelvin  and  Joule. 
(6)  He  says  that  "we  don't  yet  know  just 
how  cold  the  absolute  cold  really  is  .  .  . 
but  Professor  Dewar  thinks  it  is  about  461 
degrees  below  zero,  Fahrenheit. ' '  Now,  this 
is  literally  correct,  and  yet  it  is  hardly  what 
a  man  would  say,  if  he  were  aware  that  our 
uncertainty  about  the  position  of  the  absolute 
zero  can  hardly  amount  to  a  third  of  a 
degree.  The  language  is  that  of  a  man  whose 
knowledge  of  the  theory  comes  from  some 
popular  lecture  or  article,  rather  than  from  a 
sound  knowledge  of  what  the  absolute  zero 
is,  and  how  and  by  whom  its  position  was 
determined,  (c)  On  the  last  page  of  the 
article  in  question  it  is  implied  (presum- 
ably with  Mr.  Tripler's  sanction)  that  the 
eflficiency  of  a  reversible  cyclical  heat  engine 
may  depend  upon  the  nature  of  the  working 
body,  it  being  particularly  intimated  that  air 
is  superior,  as  a  working  body,  to  water  and 
steam.  Now  this  is  one  of  those  plausible 
looking  things  that  further  study  shows  is 
not  so ;  and  Carnot  taught  us,  in  the  early 
part  of  the  present  century,  that  the  effi- 
ciency of  the  engine  does  not  depend  in  the 
least  degree  upon  the  nature  of  the  working 
body,  being  the  same  whether  that  body  is 
air  or  steam  or  ether  or  bisulphide  of  carbon, 
or  anything  else,  {d)  Except  in  the  more 
advanced  treatises,  writers  of  books  on  heat 
engines  and  thermodynamics  have  seldom 
treated  the  "second  law"  carefully  eiiough 
and  fully  and  clearly  enough  to  ^ive  the 
reader  a  good  understanding  of  it.  This  is 
unfortunate,  and  it  doubtless  explains  why 
so  many  otherwise  capable  inventors  repeat- 
edly try  to  do  things  that  are  opposed  to  this 
law.  The  "  second  law  "  ought  to  be  popu- 
larized as  the  first  one  has  been,  so  that  such 
intelligent  and  capable  men  as  Mr.  Tripler 
might  have  an  opportunity  to  inform  them- 
selves  about  it,  without  having  to   study 
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higher  mathematics,  and  perhaps  some  for- 
eign language  also,  to  do  so.  A  book  is 
wanted  on  this  subject,  and  if  somebody 
doesnH  write  it  pretty  soon,  we  may  be 
forced  to  write  it  ourselves. 

Now,  if  it  be  admitted  ( 1 )  that  the  '*  second 
law"  of  thermodynamics  has  been  sorely 
tried  and  yet  never  before  found  wanting, 
and  (2)  that  Mr.  Tripler  is  probably  not  well 
informed  concerning  this  '*  second  law,''  then 
the  probability  that  he  has  demonstrated  the 
flEilsity  of  this  law  becomes  very  small,  and 
the  alternative  probability,  namely,  the 
probability  that  his  reputed  production  of 
ten  gallons  of  liquid  air  from  three  is  to  be 
explained  in  some  other  way,  becomes  cor- 
respondingly greater. 

It  will  be  observed  that  we  have  adhered, 
in  this  discussion,  strictly  to  the  technical 
and  scientific  aspects  of  the  problem,  and 
that  we  have  scorned  to  make  use  of  the 
suggestion  raised  by  our  esteemed  contem- 
porary, the  ''American  Machinist,''  which 
says  that  **  Mr.  Dickerson,  Mr.  Tripler' s  most 
trusted  assistant,  was  compelled  to  acknowl- 
edge, at  a  recent  meeting  of  the  Franklin 
Institute,  that  the  statement  (about  produ- 
cing ten  gallons  of  liquid  air  from  three)  was 
untrue."  We  trust  that  our  forbearance  in 
not  raising  this  point  will  be  appreciated  by 
aU  concerned. 

Another  recent   example  of   ''magazine 
science"  will  be  found  in  "The  Century" 
for  April  of  this  year,  under  the  heading, 
'  'Absolute  Zero. "    The  author  of  this  article 
tries,  at  the  outset,  to  give  his  readers  an 
idea  of  the  kinetic  theory  of  gases — a  theory 
about  which  he  appears  to  have  some  very 
hazy  ideas.    He  compares  the  molecules  of 
a  gas  with  a  lot  of  little  baUs,  in  the  fol- 
lowing language :    "  Picture  to  your  mind  a 
room  in  which  there  are  small  balls  all  alike, 
each  ball  endowed  with  bitter  hatred  of  all 
other  balls  of  its  own  kind,  and  an  intense 
desire  to  get  as  far  from  them  as  possible. 
The  balls  will  assume  positions  equidistant 
from  one  another  in  every  direction,  and  the 
outer  ones  will  press  against  the  walls  of  the 
room  with  all  the  force  they  may  possess  in 
their  effort  to  get  away  from  their  kind.    If 
more  balls  are  forced  into  this  room,  all  the 
balls  must  readjust  their  positions  and  come 
nearer  to  one  another.    The  result  of  forcing 
them  nearer  together  will  be  to  produce  a 
greater  tendency  to  go  farther  apart,  and 
greater  pressure  against  the  walls  of  the 
room.     The   balls   represent    molecules   of 
gas — for  example,  oxygen.    The  gas  presses 
against    the  walls  of  its   retaining  vessel 


because  of  the  repulsion  between  the  molecvles,** 
As  the  article  here  under  examination  has 
not  attracted  the  same  attention  as  the  one 
in  "McClure's,"  and  as  it  does  not  hold  out 
the  same  extraordinary  possibilities  in  the 
way  of  producing  power  and  otherwise  revo- 
lutionizing things,  we  shall  not  need  to  discuss 
it  at  any  great  length.  We  cannot  allow 
our  author,  however,  to  speak  of  molecules 
as  "becoming  accustomed  to  one  another," 
or  as  being  "endowed  with  bitter  hatred," 
or  as  having  "  intense  desires  "  to  do  things, 
without  a  passing  expression  of  our  contempt 
for  all  such  puerile  phrases.  A  magazine  of 
the  standing  of  "The  Century"  should  not 
admit  such  wishy-washy  language  to  its 
pages.  Its  readers  are  not  children,  and  any 
man  who  would  take  any  interest  whatever 
in  the  "absolute  zero,"  would  be  able  to 
understand  good  straight  English. 

Passing  now  to  the  question  of  accuracy, 
we  find  that  the  passage  quoted  above  con- 
tains a  serious  error  of  fact.  ' '  The  gas  presses 
against  the  walls  of  its  retaining  vessel,"  says 
our  author,  *^  bemuse  of  the  repulsion  between 
the  molecules. ' '  Now,  one  of  the  most  elemen- 
tary teachings  of  the  molecular  theory  is 
that  this  is  not  the  case  at  all.  In  fact,  the 
molecules  of  bodies  never  do  repel  one 
another,  so  far  aa  we  are  aware,  except  possi- 
bly in  the  case  of  hydrogen.  The  evidence 
of  such  repulsion  even  in  hydrogen  is  very 
weak  indeed,  and  in  all  other  bodies  that 
have  been  investigated  the  molecules  attract 
one  another.  The  pressure  that  gases  exert 
against  the  vessels  containing  them  is  due  to 
the  collisions  of  the  flying  molecules  with 
the  walls  of  those  vessels.  The  intermolec- 
uiar  forces,  instead  of  causing  that  pressure, 
actually  tend  to  diminish  it  to  a  slight  extent. 
A  writer  who  would  fall  into  an  error  as 
elementary  and  as  gross  as  the  one  here 
signalized,  has  no  business  to  write  articles 
on  these  matters  for  the  "instruction"  of  the 
public.  We  are  not  surprised,  after  noting 
this  blunder  almost  at  the  outset,  to  find 
other  meaningless  or  erroneous  phrases  later 
on.  For  example,  on  page  884,  the  article 
refers  to  the  diminution  of  the  electrical 
resistance  of  pure  metals  at  low  temperatures, 
and  goes  on  to  make  the  meaningless  sugges- 
tion that  "  perhaps  electrical  waves  traverse 
external  space  without  loss  of  energy."  If 
he  means  that  a  vacuum  will  allow  of  the 
passage  of  an  electric  current  without  resist- 
ance, he  is  writing  arrant  nonsense.  If  he 
means  that  perhaps  waves  of  electrical  dis- 
placement can  traverse  external  space  without 
resistance,  he  is  only  putting  forth  as  his 
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o>¥n  crude  guess  a  proposition  that  has  been 
established  ever  since  Maxwell's  electro- 
magnetic theory  of  light  was  first  accepted 
by  physicists.  Besides,  what  has  tempera- 
ture to  do  with  space,  anyhow  ?  How  can  a 
vacuum  be  hot  or  cold  ? 

The  illustrations  used  in  **The  Century" 
article  were  made  from  photographs  taken  in 
Mr.  Tripler's  laboratory  ;  and  in  the  closing 
paragraph  of  the  article  we  find  that  its 
author  is  more  or  less  tinctured  with  Tripler- 


ism.  He  just  nibbles  at  it  a  little  bit,  but  is 
too  wary  to  commit  himself  to  it  fully,  as 
**  McClure*s  *'  writer  did.  The  paragraph  is 
as  follows :  **  Eager  minds  are  striving  to 
in  ventgrander  uses  for  thegreater  forces  which 
the  recent  results  place  at  our  disposal,  and 
some  think  they  can  fc««ee  the  day  when  the 
power  stored  in  these  abysses  of  cold  will 
enable  man  to  do  that  which  is  now  looked 
upon  as  impossible,  or  at  least  chimerical." 
*' Magazine  Science  "  is  a  wondrous  thing. 
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Mrs.  Frederic  R.  Honey. 


Thb  Dreyfus  Case. 


THE  French  have  a  proverb  which  recom- 
mends people  to  **wash  their  dirty  linen 
at  home."  Self-respecting  and  patriotic 
Frenchmen  must  sincerely  regret  that  modem 
newspaper  methods  have  recently  debarred 
their  country  from  following  this  excellent 
advice.  From  whatever  point  of  view  the 
celebrated  Dreyfus  case  is  regarded,  its  public 
discussion  has  become  for  France  a  public 
scandal.  Dreyfus  may  be  an  innocent  man, 
unjustly  condemned,  either  through  care- 
lessness, prejudice,  or  revenge,  to  a  cruel 
fate.  Or,  in  the  face  of  strong  evidence  to 
the  contrary,  it  is  possible  that  he  is  guilty, 
and  therefore  deserving  of  a  punishment  to 
which,  however,  he  was  illegally  condemned 
on  the  strength  of  secret  evidence.  In  either 
case  a  tissue  of  trickery,  deceit,  and  fraud 
has  been  revealed  to  the  world;  and  the 
stains  and  rents  of  the  national  garments 
have  been  publicly  displayed,  instead  of 
being  sheltered  in  the  decent  privacy  of  the 
home  laundry. 

In  October,  1894,  a  document  was  sent  to 
the  officials  of  the  French  secret  service  by  a 
spy  who  had  access  to  the  rooms  of  the 
German  embassy  in  Paris.  This  letter,  or 
"bordereau,"  was  written  in  French,  and 
alluded  to  important  information  about 
military  matters  which  had  been  imparted 
to  Herr  Schwarzkoppen,  the  German  mili- 
tary attach^.  These  items  of  information 
could  have  been  known  only  to  officers 
of  the  French  army.  A  French  officer  a 
traitor !  betraying  professional  secrets  to 
Germans !    It  seemed  incredible. 

Captain  Alfred  Dreyfus,  a  young  officer  of  * 
marked  ability,  was  of  Jewish  birth.      A 
strong  anti-Jewish  prejudice  exists  in  Paris, 


and  many  were  jealous  of  the  success  of  one 
of  the  hated  race.    Suspicion  was  cast  on  the 
Jewish  officer,  whose  handwriting  was  said  to 
resemble  that  of  the  letter,  or  ** bordereau." 
Specimens  of  his  writing  were  procured  and 
submitted  to  five  experts  in  graphology.    Of 
these,  two  detected  a  resemblance  to  the 
"bordereau,"  two  denied  that  there  was 
any  likeness,  and  the  fifth  thought  that  the 
"bordereau"  might  have  been  written  by 
Dreyfus  in  a  disguised  hand.    Dreyfus  was 
arrested,  and  accused  of  high  treason.     Dur- 
ing the  ten  weeks  of  imprisonment  which 
preceded  his  trial  by  court  martial  he  was 
treated  with  great  severity,  as  if  his  guilt 
were  already  proved.     The  prejudice   that 
existed  against  him,  even  in  the  highest 
quarters,  was  very  strong.    General  Mercier, 
then  the  minister  of  war  and  head  of  the 
army,  declared  three  weeks  before  the  court 
martial  was  held  that  Dreyfus  was  guilty. 

The  trial  took  place  in  part  behind  closed 
doors.  Neither  Dreyfus  nor  his  couna^ 
knew  of  the  introduction  of  any  testimony 
besides  the  now  famous  "bordereau";  and 
the  world  supposed  that  he  was  convicted 
on  the  evidence  of  that  document  alone.  He 
was  condemned  to  a  disgraceful  expulsion 
from  the  army,  and  to  banishment  with 
imprisonment  for  life.  Dreyfus  appealed  to 
the  military  council,  which  is  empowered  to 
revise  the  decisions  of  courts  martial.  This 
court  reaffirmed  the  verdict  without  exam- 
ination ;  and  on  January  5,  1895,  Dreyfus 
was  publicly  degraded.  A  special  law  was 
passed  which  provided  for  his  solitary  con- 
finement on  Devil's  Island,  a  little  spot  of  land 
off  French  Guiana,  on  the  northeast  coast  of 
South  America.  To  the  last  moment  Dreyfus 
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protested  his  innocence  of  aaj  crime  against 
thecoantry  vhich  be  had  loved  and  served 
fiiithfiilly.  He  charged  his  wife  to  devote 
her  life  and  fortune  to  the  diaeovery  of  the 
tmth  utd  the  ezpoeare  of  the  traitor. 

More  than  a  year  went  by.  In  1SA8, 
Colonel  Picquart,  an  ofiScer  who  believed  in 
the  guilt  of  Dreyfus,  W88  appointed  to  a 
podtion  in  the  iaforniatioii  department  of 
the  army.  He  found  among  tbe  papers  in 
his  charge  grave  reason  to  enspect  that 
Mother  officer,  Count  Ferdinand  Walsin 
Eeterbazy,  waa  a  epy  in  commnnication  with 
the  spies  of  the  German  and  Italian  govern- 
meotB.  Invest^tions  of  his  character  and 
his  ant«cedenls  con6rmed  these  suspicions. 
Colonel  Picquart  also  obeerved  a  close  reaem- 
Uance  between  the  handwriting  of  Ester- 
haiy  and  that  of  the  "  bordereau  " ;  and  he 


Paris,  and  in  it  DreyAts  was  spedflcaJly 
named  as  a  spy. 

The  discoveries,  with  regard  to  Esterbazy, 
hod  not  been  made  public,  yet  uneasiness 
was  felt  by  all  concerned  in  the  conspiracy. 
The  posseeaor  of  a  guilty  secret  should  be 
silent  as  the  grave  if  he  wishes  to  protect 
himself  Aom  discovery.  His  greatest  danger 
lies  in  the  restlessness  which  makes  bim 
endeavor  to  strengthen  his  position  by  draw- 
ing attention  to  the  points  which— in  his 
opinion — are  in  his  favor.  Dreyfus,  in  his 
miserable  captivity,  would  not  have  been 
forgotten  by  his  wUe  and  kindred  ;  but  they 
might  have  been  unable  to  produce  impor- 
tant evidence  on  his  behalf  if  certain  officials 
of  the  information  department  had  known 
how  to  hold  their  tongues.  In  September, 
1S96.  in  order  the  more  certainly  to  divert 


began  to  fear  that  an  outrage  of  justice  bad 
been  committed.  He  urged  a  revision  of  the 
Dreyfus  trial  in  the  interests  of  tmth  and 
honor.  But  Esterhazy  had  powerful  friends ; 
Kcqaart's  investigations  were  suddenly 
stopped,  and  he  himself  was  sent  to  a 
distant  part  of  France,  and  thence  to  Africa. 
His  successor  in  the  information  department 
waa  Colonel  Henry,  a  man  of  strong  anti- 
Jewish  tendencies.  General  Mercier,  the 
minister  of  war,  had  been  succeeded  by 
General  Billot,  who  was  dissatisfied  with  the 
appesiance  of  the  Dreyfus  affair  at  tbe  stage 
it  had  reached.  To  quiet  his  suspicions. 
Col.  Henry  produced  a  letter  which  he 
dedared  to  be  part  of  the  secret  evidence 
agHiLst  Dreyfhs.  It  appeared  to  be  frotn  the 
Genaan  to  tbe  Italian  military  'attaclii^  in 


suspicion  from  Esterhazy,  these  officials 
procured  tbe  publication  in  the  "  Eclair,"  a 
Paris  newspaper,  of  an  article  which  stated 
that  the  "  bordereau  "  had  not  been  the  only 
evidence  produced  against  Dreyfus  at  his 
trial,  as  was  supposed  to  be  the  case.  Other 
documents  had  been  secretly  supplied  to  the 
officers  who  composed  the  court  martial ; 
but  they  had  not  been  shown,  as  tbe  French 
military  code  of  justice  requires,  to  the 
prisoner  and  to  his  counsel.  These  docu- 
ments were  announced  to  have  been  of  such 
a  character  that  in  the  interest  of  the  nation 
the  department  had  thought  it  unsafe  to 
make  them  public.  Thoughtful  people  were 
shocked  at  this  open  acknowledgment  of 
illegal  action  in  connection  with  DreyfuS, 
and  the  belief  that  he  had  been  the  victim 
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of  a  conspiracy  gained  ground.  Madame 
Dreyfus  was  quick  to  take  advantage  of  the 
admitted  breach  of  law,  and  appealed  for 
revision  of  her  husband's  sentence.  Her 
appeal  was  refused  on  the  ground  that  the 
government  itself  had  no  right  to  discuss  a 
verdict  regularly  given.  Lovers  of  justice, 
in  France  and  out  of  France,  protested  that, 
if  a  verdict  had  been  procured  by  means  of  a 
breach  of  law,  it  was  not  a  'Werdict  regu- 
larly given." 

But  the  article  in  the  *^  Eclair''  indirectly 
rendered  another  service  to  the  friends 
of  Dreyfus.  It  published  the  text  of  the 
**  bordereau,"  of  which  Dreyfus  was  sup- 
posed to  be  the  writer.  A  pamphlet  appeared 
in  a  few  days  which  disputed  the  accuracy  of 
this  copy  of  the  ''bordereau."  Thereupon 
the ''  Matin,"  another  Paris  newspaper,  pub- 
lished a  photographic  feusimile  of  the  original 
document.  A  banker  bought  a  copy  of  this 
facsimile,  and  recognized  in  it  the  hand- 
vrriting  of  one  of  his  former  customers,  who 
was  none  other  than  Esterhazy,  on  whom 
suspicion  had  already  been  thrown  by  Pic- 
quart.  Public  opinion  demanded  that  Ester- 
hazy  should  be  tried  by  court  martial.  The 
trial  took  place  in  January,  1898,  and  was 
opened  in  public ;  but  the  testimony  of  the 
most  important  witnesses — of  Picquart,  who 
had  been  sent  for  from  Tunis  to  give  evi- 
dence, and  of  the  experts  in  handwriting 
— was  given  behind  closed  doors.  Count 
Esterhazy  was  acquitted,  yet  the  suspicions 
of  those  who  had  doubted  him  were 
strengthened  by  the  secrecy  which  had 
characterized  his  trial. 

Meantime,  the  Dreyfus  affair  had  been 
discussed  by  the  Chamber  of  Deputies^  The 
prime  minister  and  the  minister  of  war 
declared  that  they  had  positive  proof  of  his 
guilt,  and  on  this  declaration  the  Chamber 
upheld  the  verdict  of  1894,  and  refused  to 
grant  revision. 

The  famous  novelist,  Emile  Zola,  in  com- 
mon with  many  other  Frenchmen  of  the 
highest  character,  was  roused  to  indignation 
by  the  partiality  shown  in  connection  with 
the  trials  of  Dreyfus  and  of  Esterhazy. 
Zola  wrote  an  open  letter  to  the  president  of 
the  French  Republic,  denouncing  the  offi- 
cials of  the  war  department  who  had  been 
responsible  for  the  conduct  of  the  two  cases, 
and  accusing  them  of  deliberate  and  inten- 
tional injustice.  Zola  was  prosecuted,  and, 
after  a  stormy  trial  in  which  his  witnesses 
were  repeatedly  silenced,  he  was  condemned 
to  a  year's  imprisonment.  He  appealed  to 
the  Supreme  Court  of  France,  the  **  Court  of 


Cassation,"  and  the  decree  against  him  was 
annulled  on  a  technicality.  He  was  again 
prosecuted,  but  not  appearing  in  court  at  the 
appointed  time  he  was  condemned  by  default, 
and  quitted  the  country. 

Throughout  the  year  1898  the  question  of 
the  revision  of  the  sentence  of  Dreyfus  con- 
tinually agitated  Paris.  The  suspicion,  the 
fear  that  he  had  been  the  victim  of  a  con- 
spiracy in  the  highest  quarters,  became 
almost  a  certainty.  Picquart,  the  ex-official 
of  the  information  department,  was  not  a 
friend  of  Dreyfus ;  he  had  no  personal  con- 
nection with  him  ;  but  with  a  love  of  truth 
and  justice,  and  a  noble  disregard  of  his  own 
interest,  he  would  not  let  the  matter  rest 
In  July,  1898,  he  declared  that  an  important 
document,  used  in  the  trial  of  Dreyfus,  had 
''all  the  characteristics  of  a  forgery."  He 
was  arrested  and  imprisoned  ;  but  his  words 
had  had  weight.  M.  Cavaignac,  who  was 
minister  of  war  during  the  summer  of  1898, 
while  the  short-lived  ministry  of  M.  Brisson 
was  in  power,  obtained  secret  information 
with  regard  to  the  document,  by  means 
which  are  still  unknown ;  and  by  cross- 
examination  forced  from  Colonel  Henry  the 
confession  that  the  letter  in  which  Dreyfus 
was  named  as  having  dealings  with  foreign 
spies  was  forged  by  himself,  in  the  summer 
of  1896,  in  order  to  convince  General  Billot 
of  the  convict's  guilt.  Henry  was  arrested 
and  imprisoned,  and  the  next  morning  he 
was  found  dead  in  his  cell.  Who  can  doubt 
that  he  carried  to  his  grave  secrets  which 
would  have  ruined  many  a  reputation  ?  The 
conclusion  was  inevitable  that  the  evidence 
against  Dreyfus  must  indeed  have  been  weak 
when  it  was  necessary  to  have  recourse  to 
forgery  in  order  to  keep  him  in  the  captivity 
to  which  he  had  been  condemned  by  cruelty 
and  fraud. 

Henry's  death  t6ok  place  on  September  I , 
and  added  fuel  to  the  flame  which  already 
raged.    The  struggle  between  the  advocates 
and  the  opponents  of  revision  became  intensi- 
fied.   The  position  of  the  former  was  greatly 
strengthened ;  the  latter  exhausted  all  their 
ingenuity  to  prevent  or  delay  the  action,  or 
to  change  the  character  of  the  court  by  which 
the  sentence  should  be  revised.    Noble  men 
have  followed  in  the  steps  of  Picquart,  have 
sacrificed  their  careers,  braved  the  insults  of 
the  mob  (who  idolize  the  army  and  feel  that 
its  prestige  is  threatened),  and  have  publicly 
espoused  the  cause  of  truth  and  justice.     If 
France  must  blush  for  the  revelations  of 
trickery  and  dishonor  in  connection  with  the 
Dreyfus  case,  she  should  also  be  proud  of  th© 
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men  who,  without  noiee  or  clamor,  h&ve 
stood  for  upright  dealing.  They  have  set 
th«r  facee  like  a  flint,  and  declare  that 
JQBtic^  Bhall  be  done — not  for  a  friend  or  a 
brother,  but  for  the  son  of  an  alien  race; 
for  a  fellow  citizen  who  claims  to  have 
nifiered  injuiy  at  the  bonds  of  France.  For 
the  sake  of  France,  whose  ftur  name  has 
been  aspersed,  they  say  that  the  wrong  must 
be  repaired. 
At  the  present  time  the  case  of  Dreyfus 


is  being  conudered  by  the  Court  of  Caseation, 
a  body  of  noble,  upright,  and  honorable  men 
who  core  nothing  for  public  favor  and  have 
no  (fuilt  to  hide.  But  how  little  can  be  done 
for  this  poor  prisoner  if  beiAou'd  be  declared 
to  be  innocent  I  None  con  give  back  to  bim 
the  bitter,  wasted  years,  the  lost  career ;  none 
can  restore  the  broken  health,  the  shattered 
nerves ;  none  can  blot  out  the  memories  of 
anguish  and  despair  which  threaten  to  over- 
shadow the  remunder  of  his  mortal  life  I 
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Th»  Principlbb  Upon  Wh 


THERE  are  certain  principles  connected 
with  the  building  of  a  fire  that  should 
be  understood  by  every  one ;  this,  not 
only  because  the  subject  itself  is  interest- 
ing, but  because  there  is  at  least  on«  fire  in 
every  bouse,  and  if  that — the  kitchen  fire — 
fkils  on  occasion  to  barn  properly,  there  are 
chances  of  a  good  meal  being  spoiled,  and 
the  general  temper  of  the  "house"  unpleas- 
antly ruffled.    Especially,  therefore,  does  it 
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amount  of  heat  required.  For  convenience, 
our  kitchen  fires  are  usually  enclosed  in  an 
iron  box,  called  a  ttotv.  Ab  the  conditions 
for  making  a  lire  are  the  same  in  all  enclosed 
spaces,  we  will  use,  for  the  sake  of  illustra- 
tion, a  candle,  and  a  lamp  chimney  to  enclose 
iL  Light  the  candle  and  stand  it  on  the 
table ;  hold  the  chimney  over  it  a  few  inches 
above  the  table,  as  in  Fig.  1 ;  the  candle 
burns  freely.    If,  now,  the  hand  is  held 


Fio.  1.  Fm.  2. 

behoove  the  good  housewife  to  know  all 
there  is  to  know  about  the  subject,  that 
she  may  be  in  a  position  to  wisely  coax 
the  sometimes  refractory  stove,  and  bo  main- 
tain her  very  excellent  reputation  aa  a  cook. 
To  nooke  a  fire  we  must  have  something 
to  bnm — either  wood,  coal,  gsB,  or  oil ;  in 
short,  we  mast  have  fuel,  which  means 
anything  for  making  a  fire  with.  We  all 
know  that  air  is  necessary  to  keep  a  fire 
burning,  and  that  we  must  be  able  to  regu- 
late the   supply  of  air   according   to   the 


Fia.  t. 

over  the  opening  at  the  top  of  the  chimney, 
there  will  be  noticed  an  upward  current  of 
decidedly  hot  wr,  while  at  the  lower  open- 
ing it  can  be  shown  that  the  air  is  just  as 
cool  as  that  in  the  room ;  this  shows  that 
hot  air  rises.  If  the  chimney  is  set  down 
on  the  table,  as  in  Fig.  2,  the  fiame  will  soon 
go  out,  though  there  ie  still  the  opening  at 
the  top ;  this  bIiows  that  where  there  is  a 
fire  in  an  enclosed  space  the  air  to  keep  it 
burning  goes  in  at  the  lower  opening,  and 
that  the  heated  air  and  the    products  of 
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combustion  rise  and  pass  out  at  the  upper 
opening.  Now,  if  we  hold  the  chimney 
over  the  candle,  as  in  Fig.  1,  and  then, 
while  the  candle  is  burning,  place  a  sheet  of 
glass  on  the  top  of  the  chimney,  as  in  Fig.  3, 
the  flame  will  go  out  in  a  very  short  time. 
By  this  we  leom  that  it  is  neceesary  to  have 
free  drcuia^on  of  sir  through  the  flame, 
otherwise  it  will  go  out ;  in  other  words,  we 
must  have  "good  draft."  The  word  draft 
means  the  act  of  drawing,  or  pulling,  and  is 
used  here  because,  when  heated  air  rises, 
cold  air  is  fonubly  drawn,  pulled,  or  sucked 
in  to  take  its  place. 

We  often  hear  the  expression  "  the  atove 
doesn't  draw  well,"  or  "  the  chimney  hasn't 
a  good  draft,"  which  mean  that  there  ia  some 
obstruction,  which  either  prevents  the  air 
from  going  into  the  stove  freely,  or  else  pre- 
vents it  from  passing  out  freely.    A  coal  stove 
conaista,  as  shown  in 
Fig.  4,  of  a  large  iron 
box,  with  a  space  at 
one  end  lined  on  three 
sides  with  firebrick 
b,  and  the  front  and 
bottom  of  which  con- 
sists of  iron  bare  with 
openings  between. 
This  space  ia  called  the 
firebox,  because   in   it 
ihe  fire  is  built;  the  air 
goes  into  the  firebox 
at  either  the  bottom  or 
side,  or  both.    Outside 
of  the  firebox  on  the 
front  of  the  atove  ia  a 
slide  (,  called  the  front 
damper,   which  may 
be  opened  or  closed  as 
more  or  less  air  is  needed.    Directly  behind 
and  close  to  the  firebox  ia  another  iron  box  c ; 
this  is  the  oven,  and  it  is  set  into  the  stove 
in  such  a  way  that  there  is  a  space  d  between 
the  top  of  it  and  the  top  of  the  atove,  and 
also  on  all  aides  except  that  which  comes 
directly  next  to  the  firebox.    In  the  chim- 
ney, at  g,  is  an  opening  controlled  by  another 
slide,  called  the  chimney  damper,  which  con- 
trols the  opening  into  the  pipe  connecting 
the  stove  with  the  outer  air.    This  cbimney 
damper  and  tlie  front  damper  are  the  only 
ones  that  are  absolutely  necessary,  so  far  ae 
the  fire  is  concerned,  but  we  find  here  still 
another,  h,  called  the  ouen  damper,  the  use  of 
which  wilt  now  be  explained. 

If  we  light  a  piece  of  paper  and  place 
it  in  the  firebox,  we  notice  that  when  the 
oven  damper  h  is  open  the  flame  is  drawn 


across  the  top  of  the  oven,  direct  to  the 
cbimney.  Closing  the  oven  dampt'r,  as  in 
the  figure,  we  find  that  the  opening  leading 
to  the  chimney  is  thereby  closed,  and  that 
the  flame  ia  now  drawn  across  the  top  of  the 
oven,  down  the  opening  at  the  end,  under 
the  oven  and  up  behind  it,  finally  reaching 
the  chimney  ;'  we  thua  underatand  that  by 
the  dosing  of  thia  oven  damper  the  heated 
air  is  comp«lled  to,go  aronnd  the  oven  before 
reaching  the  chimney,  and  that  in  this  way 
the  oven  is  heated.  The  artangement  of 
these  dampos  difiers  in  different  cooking 
stoves,  but  the  principle  ia  always  the  same. 
There  miuf  be  a  lower  or  front  damper  to 
control  the  supply  of  fresh  air,  and  there 
mutt  be  a  chimney  damper  to  control  the 
escape  of  the  smoke,  gases,  etc.,  and,  in  order 
to  beat  the  oven,  it  ia  necessary  to  compel  the 
heated  airtopassaronnd  the  oven  on  its  way 
to  the  chimney,  and 
therefore  there  must 
l>e  an  oven  damper. 

When    the    fire    is 
first   lighted,   all   the 
dampers  should    be 
opened,  so  as  to  allow 
plenty    of   fresh    air 
to  go  in,  and  all  the 
smoke,  etc.,  to  get  out 
freely,  it  being  under- 
stood that  when   tbe 
oven  damper  is  open 
'   the  amoke  has     free 
and  direct  access  to  tbe 
chimney.    When    the 
fire  is  burning  freely, 
the  oven  damper  ia  tbe 
first  closed,  BO  that  the 
oven  may  be  heated. 
To  build  the  fire,  paper,  soft  wood,  hard 
wood,  and  coal  are  generally  used,  thoogh 
ehavings  are  fr«quently  substituted  tor  the 
paper.    The  paper  ia  put  in  first,  and    is 
crumpled  to  make  more  air  apacee  within  it, 
and  thus  to  cause  it  to  bum  more  freely  ; 
next  comes  the  soA  wood,  which,  having  a 
higher  kindling  point  than  the  paper,    is 
heated  to  the  necessary  degree  by  the  burn- 
ing paper ;  this  soft  wood  has  coarse,  loosely 
packed  fiben,  the  spaces  being  filled  with 
air  when  the  wood  iedry;  overtbesoft  wood 
should  be  placed  some  hard  wood  ;  thia,  hav- 
ing finer  fibera,  more  closely  packed,  contains 
less  air,  and  aodoes  not  bum  as  easily  as  f^^^ 
toft  wood  ;  the  coal  comes  on  top  of  a,U,  and 
having  a  higher  kindling  point  than  either 
kind  of  wood,  must  be  heated  to  the  kindUne 
point  by  their  burning. 
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The  wood  must  be  arraDged  slightly  cross- 
wise, that  the  air  may  circulate  around  it, 
care  being  taken  at  tiie  s^etime'to  keep 
the  ends  close  tb  the  sides  of  the  firebox, 
that  the  coal  may  not  drop  through  to  the 
grate  unbumed. 

When  the  coal  has  become  well  kindled, 
the  oven  and  the  chimney  damper  should 
be  closed  more  or  less,  according  to  the 
beat  required.  The  chimney  damper  is  so 
arranged  that  it  cannot  b^  entirely  closed ; 


if  it  could,  ignorant  or  careless  persons 
might  close  it,  and  then  the  fire  would  not 
bum,  or,  if  already  burning,  the  poisonous 
gases  from  it  woiild  escape  into  the  room, 
to  the  danger  of  the  occupants  of  the  house, 
especially  if  they  are  sleeping.  After  the  fire 
has  been  burning  for  some  time,  the  ashes 
collect  at  the  bottom  of  the  grate,  and  must 
be  poked  or  shaken  out,  otherwise  the  air 
will  not  reach  the  hot  coals,  and  soon  the 
fire  will  go  out. 


GOOD  WORK. 


GOOD  work  does  not  necessarily  mean 
work  of  great  accuracy.  For  instance, 
it  is  possible  for  a  wooden  shed  to  be  a 
good  shed,  well  put  up,  strong,  serviceable, 
and  sightly,  and  yet  no  single  dimension  in 
it  be  exact  to  any  drawing  or  to  any  precon- 
ceived idea  of  what  it  was  to  be ;  here,  an 
inch  or  so  either  way  is  of  no  importance 
whatever.  So  in  the  machine  shop  a  thou- 
sandth of  an  inch  more  or  less  in  the 
ditfmeter  of  a  6-foot  belt  pulley  is  practically 
nothing,  that  is,  it  is  not  worth  considera- 
tion ;  on  the  other  hand,  the  same  amount 
may  be  a  good  deal  on  the  diameter  of  a 
3-inch  shaft,  when  a  forcing  fit  is  in  question. 
As  a  general  rule,  serious  disaster  is  bound 
to  follow  an  attempt  to  translate  *'good 
work''  into  ''close  fit.''  The  attempt  has 
proved  before  today  that  the  hole  for  a 
1-inch  spindle  to  run  in  must  be  more  than 
1  inch  in  diameter,  or  it  will  seize,  and  much 
damage  be  done.  The  true  meaning  of  good 
work  has  often  been  brought  home  to  the 
too  accurate  workman  by  the  parts  of  a 
machine  seizing  in  this  manner.  The  good 
workman  should  know  when  a  specially  fine 
fit  is  necessary,  but  he  should  also  know 
when  and  how  to  render  it  unnecessary. 
These  are  points  that  the  designer  should 
bear  in  mind,  too,  no  matter  what  he  is 
designer  of. 

On  the  majority  of  machines,  great  expen- 
ditore  of  skilled  labor  is  wasted,  and  is  evi- 
dence of  bad  practice.  Undue  anxiety  to 
use  the  best  possible  material  may  also  be 
bad  practice.  It  generally  pays  better  in 
the  long  run  to  use  ordinary  material — good, 
dependable,  commercial  material ;  true,  it 
may  be  necessary  to  employ  more  of  it,  but 
even  then  it  will  pay,  not  only  because  the 
first  cost  is  less,  but  because,  in  case  repairs 
are  necessary,  the  commercial  material  can 


be  had  at  once — taken  from  stock,  probably 
— whereas  the  special,  high-grade  material 
will  have  to  be  made  and  will  cost  very 
dear  in  delays.  In  many  cases,  the  extra 
weight  of  the  cheaper  material  may  be  a 
virtue,  and  it  is  certainly  not  good  work  to 
put  in  a  great  weight  of  costly  stuff  when 
the  cheaper  material  possesses  a  margin  of 
strength  beyond  any  other  part  of  the  same 
structure. 

Now,  there  are  machines  upon  which  a 
great  expenditure  of  time  and  skilled  labor 
is  not  wasted.  Two  watches  of  the  same 
make,  that  are  apparently  identical,  will  have 
very  different  values,  according  to  the  skill 
with  which  they  are  made,  and  the  fineness 
of  their  finish.  Whether  or  not  the  watch 
leaves  the  workman's  hands  with  perfectly 
balanced  corrections  may  seem  to  be  some- 
what a  matter  of  chance,  but  we  may  be 
sure  that  no  badly  made  watch  will  run  well 
enough  to  receive  a  high  certificate.  Here, 
with  good  work  attempted  throughout,  a 
little  extra  and  expensive  final  finish  may 
pay  handsomely. 

In  dealing  with  artisans,  the  great  diffi- 
culty is  to  get  a  man  fur  a  special  job  who  is 
exactly  suitable  for  it.  For  instance,  a  really 
first-class  cabinet-  or  pattern-maker  may  be 
quite  useless  for  a  rough  carpentry  job, 
because  he  has  acquired  certain  habits  and 
has  become  by  nature  too  accurate  to  make 
a  paying  job  of  the  rough  timber  shed. 
Again,  the  man  accustomed  to  rough  work 
is  often  incapable  of  comprehending  what 
great  accuracy  means  where  it  is  really 
needed.  There  is  an  old  saying,  **  You  can- 
not make  a  silk  purse  out  of  a  sow's  ear." 
But  it  is  poor  policy  to  degrade  the  sow's 
ear.  There  is  far  too  much  of  the  silk  purse 
about  some  men.  Good  work  always  repre- 
sents the  correct  degree  of  accuracy. 
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TO  HOLD  A  THIN  TUBE  IH  A  LATHS. 

W.  H.  D,  BoffM,  CMcago.  lU. 

With  the  hope  of  adding  to  the  internet 
of  the  Good  Schemes  department,  I  encloee 
a  sketch  of  a  method  of  holding  thin  tnhing 
in  a  lathe,  that  I  think  wUl  be  of  nse  to 
aome.    Referring  to  the  drawing,  a  is  a  vei? 


thin  tube,  upon  oneend  of  which  it  iedeeired 
t  >  cut  a  screw  thread  ;  wrap  the  other  end 
of  the  tube  with  tape  d  and  grip  in  either 
a  wooden  or  a  metal  chuck  b ;  it  will  be 
found  that  by  this  means  a  perfectly  secure 
hold  is  obtained.  The  other  day  I  was 
watching  a  lathe  hand  at  work  on  some 
bicycle  necks,  and  I  noticed  he  bad  a  hard 
time  keeping  the  tube  from  slipping ;  at  my 
suggestion  he  tried  the  above  scheme,  and 
stud  it  was  just  the  thing,  and  that  he  hod  no 
more  trouble.  So  I  pass  iton,  for  the  benefit 
of  others. 

NBBDLE  FOR  BLECTRICAL  WORK. 

S.  L.  Whtder,  Peoria.  lU. 

SouBTiuBs  in  electrical  work,  such  as  assem- 
bling meters,  etc.,  it  is  very  difficult  to  con- 
nect the  fine  wire  that  leads  the  coil  to  some 
other  attachment,  the  connection  being  made 
by  a  screw.    A  pair 
i  I     of    eitra-long 

tweezers  may  seem 
the  proper  thing, 
"^  but  where  there  is 
e  room  to  work 
"4."  they  will  often  slip 
off.  The  accom- 
panying sketch  shows  what  I  have  been 
using  fur  the  past  few  months  with  most 
eatigfactory  results.  Take  a  piece  of  soft- 
iron  wire  about  ^f  of  an  inch  in  diameter 
and  1}  inches  long ;  flatten  one  end,  as 
at  a  in  the  sketch,  and  make  a  hole  in  it 
large  enough  to  receive  the  wire  easily,  and 
furnish  the  other  end  with  a  wooden  handle. 
With  this  tool  it  is  possible  to  reach  any 


place  that  a  screwdriver  can  touch,  and  to 
hold  the  wire  firmly.  After  the  wire  has 
been  secured  in  the  desired  poeitioo,  the 
needle  is  loosened  by  simply  untwisting. 

BBLr-ADJUSTlNO   DRAWINQ-BOARD   RBST. 

F.  L.  NieAoti.  Bailimon,  ltd. 

WisHiNo,  as  no  doubt  other  readers  of 
Thb  Mechanic  Arts  Maqaziije  have,  for 
something  better  than  the  usual  blocks  for 
inclining  my  drawing  board  with,  I  hit  npon 
the  following  good  scheme:  I  cut  out  two 
triangular  blocks6  of  hard  wood  about  1  inch 
thick,  drilled  a  hole  in  each,  and  slipped 
them  on  the  ends  of  a  wrought-iron  rod  a 
trifie  shorter  than  the  length  of  my  board, 
as  shown  in  the  enclosed  sketch.  By  leaving 
one  of  the  blocks  free  to  rotate  on  the  end 


of  the  rod,  the  device  becomes  self-acUueting, 
and  accommodates  itself  to  any  twist  in  the 
surface  of  the  board  or  table,  and,  by  making 
the  aides  of  the  blocks  of  different  lengths, 
the  inclination  of  the  board  can  be  varied 
at  will.  The  sides  of  the  blocks  that  I  nse 
are  4}  inches,  5^  inches,  and  S)  inches, 
respectively.  By  cutting  off  the  comers  as 
at  a,  the  blocks  are  prevented  ftom  marking 
the  board,  but  by  leaving  the  edges  of  the 
corner  surfaces  sharp,  the  board  is  prevented 
from  sUpping. 

A  DRA WIND-BOARD  OtJTFlT. 

O.  >■.  Paul  SpOzd.  Orange,  N.  J. 

When  I  got  my  drawing-board,  etc.,  at 
the  commencement  of  my  studies  with 
The  International  Coireepondence  Schools, 
I  was  at  a  loss  to  know  how  to  keep  every- 
thing together  property,  untjl  I  invented 
the  scheme  illustrated  herewith.  At  (n)  is 
shown  the  front  of  the  drawing  board,  a.t  (  b) 
a  plan,  and  at  (c)  an  end  view.     I  first  cat 
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oat  a  groove  in  each  numer,  aa  at  jr  in 
^■g-  (c)  '•  tbiB  takee  the  blade  of  the  Tsqunre 
08  ehbwn ;  then  I  made  a  tnty  drawer,  as 
showa  at  (d)  and  («),  to  slide  in  under  the 
board  and  to  butt  up  against  the  blade  of 
the  T  square.  In  this  tray  I  pack  awaj'  two 
triangles,  a  curve,  a  protractor,  and  a  12-inch  . 


scale ;  «  is  a  piece  of  clock  spring,  slotted  at 
the  ends  so  as  to  fit  under  the  heade  of  two 
drawing  pins,  and  thus  keep  the  protractor 
fist  on  the  bottom  of  the  tray. 

IMPROMPTU  JAR  FOR  BATTERY. 


Some  time  ago  I  had  the  misfortune  to 

break  the  glass  jar 

belonging   to   the 

i  battery  that  rings 

the  house  bell. 

Happening  to  look 

around,  I  saw  an 

empty  glass  bottle 

aimoet  the   exact 

diameter    of  the 

broken  jar,  and  I 

made  up  my  mind 

to  cut  the  neck  off 

the  bottle  and  eo 

save  tbe  coat  of  a  new  jar.    To  do  thi^,  and 

not   baying  a  diamond   or  other  form  of 

glase  cotter,  I  Ued  a  piece  of  copper  wire 


around  the  bottle  at  the  place  where  I 
wanted  to  cut  it,  and  started  the  cut  with 
a  file ;  then  I  slowly  ran  a  red-hot  poker 
around  the  bottle,  using  the  wire  as  a  guide, 
as  shown  in  the  ikawing.  This  cut  the  neck 
off  perfectly  clean,  and  gave  me  a  suitable  jar 
at  the  coat  of  but  a  few  minnlee'  labor. 


PLANINQ  SHORT  KEYWAYB. 

QfB.  F.  Meyer.  MUaaaka.  Wit. 

In  the  course  of  shop  work  it  is  some- 
times necessary  to  cut  a  keyway  the  length 
of  which  is  less  than  the  sborteat  possible 
stroke  of  the  planer  on  which  the  job  must 
be  don&  The  sketch  below  shows  how, 
with  very  little  trouble,  this  may  be  done. 
The  shaft  «  is  first  drilled  for  the  ends  of  the 
keyway,  with  holes  h,  as  usual ;  it  is  then 
clamped  to  the  planer  platen,  and  a  block  b 


is  clamped  on  top  of  the  shaft,  a  little  back 
of  one  of  the  end  holes  h;  this  block  must 
be  high  enough  to  prevent  the  tool  from 
getting  over  the  top  of  it,  the  necessary 
height  depending  on  the  amount  of  travel 
oftheplaten.  WiththisarrangemeDt,during 
the  return  of  the  platen,  the  cutting  tool  is 
tilted  up  away  from  the  shaft  and  starts  to 
cut  only  when  block  b  allows  it  to  fall  back 
into  position  at  the  commencement  of  the 
keyway.  The  holes  k  are,  of  course,  of  a 
diameter  equal  to  the  width  of  the  keyway, 
and  are  drilled  to  the  required  depth  with 
the  usual  tit  drill.  It  is  always  best  to  plane 
a  flat  on  the  top  of  the  shaft ;  this  can  be 
done  by  means  of  the  cross-feed,  using  a  tool 
like  that  shown  at  (d).  A  good  form  of  key- 
way  cutting  tool  is  shown  at  (c). 

ATTACHMENT  POR  STEEL  SCALES. 


Wbrn  I  started  in  at  the  drafting  hoard, 
some  years  ago,  I  made  up  my  mind  that 
the  best  kind  of  scale  was  one  made  of  steel. 
The  advantages  of  a  steel  scale  over  a  wooden 
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Fig.  1. 


one  are  that  it  does  not  shrink  or  warp,  and 
that  the  graduation  lines  have  a  distinct 
depth.  Bat  I  soon  found  that  the  steel  scale 
has  two  serious  disadvantages :  It  is  difficult 
to  pick  up  (being  slippery  and  the  ridge  for 

handling  being 
small)  and  the 
graduation  lines 
and  figures  are  in 
some  lights  very 
difficult  to  see.  To 
overcome  these 
difficulties,  I  fitted 
mine  up  in  the  manner  shown  in  the 
accompanying  sketches.  Fig.  1  is  an  end 
view,  just  about  full  size ;  in  it  the  shape 
and  proportions  of  the  scale  itself  ar&  clearly 
shown.  The  attachment  consists  of  a  strip  a 
of  hard  wood^  the  same  length  as  the  scale, 
and  grooved  on  the  under  side  so  as  to  slide 
on  to  the  ridge  as  shown.  To  the  under 
edges  of  this  wooden  ''back,"  as  I  call  it, 
are  attached  on  each  side  four  strips  b  of  stiff 
white  paper,  each  a  shade  under  3  inches 
long.  The  completed  affair  is  shown  in 
Fig.  2.    The  figures  are  written  on  the  white 


about  them  or  about  any  others  received, 
but  they  will  suffice'  to  bring  to  a  close  the 
little  controversy  that  Mr.  Palmedo's  article 
on  patent-office  drafting  has  caused.  By 
this  we  mean  that  no  other  section  liners 
will  be  illustrated  or  described  here ;  there 
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Fig.  1. 

are  many  good  ones  on  the  market^  and 
those  draftsmen  who  wish  the  mechanical 
aid  that  they  afford  cannot  do  better  than 
make  a  careftil  choice. 

In  Fig.  1  is  represented  a  device  that  comes 
from  Mr.  Edward  C.  Fisher,  of  Huntington, 
W.  Va.    It  is  claimed  that  it  is  an  improve- 
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Fig.  2. 


paper  in  India  ink,  and  the  paper  is  then 
coated  with  clear  white  shellac.  On  my 
scale,  which,  by  the  way,  I  have  used  for 
8  years  and  is  still  in  excellent  con- 
dition, I  graduated  and  figured  the  paper 
for  full-size,  half-size,  quarter,  and  eighth. 
The  figures  are  perfectly  clear,  and  stand  out 
in  great  shape  as  compared  with  those  on 
the  steel,  and  the  wooden  back  makes  the 
scale  as  convenient  and  ea^y  to  pick  up  and 
handle  as  an  all-wooden  one.  I  should  add 
that  the  reason  the  paper  strips  are  made  in 
sections  3  inches  long  is  that  I  found  by 
experiment  that  if  a  single  strip  the  full 
length  of  the  scale  is  used,  it  will  buckle  up 
in  damp  weather,  and  shrink  so  much  in 
dry  weather  as  to  pull  itself  off  the  wooden 
back.  When  made  in  3-inch  lengths,  the 
paper  strips  always  lie  fiat;  the  fact  that 
mine  have  stayed  on  for  8  years  is  proof 
that  they  are  secure. 

TWO  MORE  SECTION  LINERS. 


ment  on  the  one  contributed  by  Harry  Bible, 
illustrated  on  page  129  of  the  April  number 
of  this  magazine.  Personally,  we  consider  it 
inferior,  for  the  reason  that  there  are  three 
pieces  instead  of  on^,  and  because  if  piece  c 
were  accidentally  loosened,  it  would  be  difiQ- 
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The  two  devices  illustrated  here  are  the 
best  of  numerous  section-lining  schemes  sent 
in  during  the  past  month  as  contributions 
to  these  columns.    There  is  nothing  new 


Fig.  2. 

cult  to  set  it  to  exactly  the  same  spacing  again. 
We  would  rather  have  two  or  three  of  the 
simple  non-adjustable  kind,  and  thus  get 
all  the  variety  of  spacings  desirable,  than 
one  of  this  construction  and  be  continually 
having  trouble  with  the  setting.  On  general 
principles,  too,  a  device  consisting  of  one 
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.  einiple  piece  is  better  than  a  device  for  the 
swne  pnrpoee  made  of  three  pieces. 

The  scheme  shown  in  Fig.  2  was  sect  in 
by  Mr.  William  Pittman,  of  Jeraeyville,  111. 
Though  this,  if  nicely  made,  would  doubtless 
do  good  work,  it  would  be  decidedly  expen- 
nve  to  make,  and  if  we  mistake  not  there  is 
eomething  very  eimilar  on  the  market.  The 
fact  that  it  is  poaeible  to  eet  it  for  vertical 
lines  ie  of  little  or  no  importance,  there  being 
practically  no  such  section  lining  done.  It 
also  consists  of  too  many  part^.^En.] 

HOW  TO  TAKB  A  DOtfBLB  PHOTOGRAPH. 

S.  /.  Sovlkdge,  Pratt  Oily.  Ata. 

DiRBcnoNB  for  obtaining  a  doable  photo- 
graph each  as  that  reproduced  here  may 


On  developing,  it  will  be  fonnd  that  the  two 
exposures  of  tjie  backgronnd  have  blended 
BO  perfectly  about  the  vertical  center  line 
that  the  picture  aeema  to  have  been  taken 
with  but  a  single  exposure,  while  the  subjects 
appear  on  both  sides  of  the  picture.  In  the 
phot<^rBph  reproduced  here  we  have  the 
same  boys  sitting  on  both  ends  of  the  bench 
at  one  and  the  same  time. 

TO  PUT  UP  A  BHBLP. 

Otit.  CSeKtand.  Ohio. 

Ab  a  dabbler  in  photography,  I  had  occa- 
sion the  other  day  to  put  up  a  small  shelf  in 
thecomer  of  my  darkroom.  I  had  the  shelf , 
bat  no  brackets  or  other  means  of  supporting 
it  or  securing  it  in  place.  Finally,  I  bit  on 
the  scheme  shown  in  the  illustrations  here- 
with, using,  in  conjunction  with  three  wire 
nails,  three  staples  such  as  are  employed  for 
&stening  telephone  wire  to  a  wall.  Holding 
the  shelf  in  position,  I  marked  off  for  the 
itfiils  and  drove  them  in  as  shown,  then 
secured  the  shelf  by  driving  in  the  wire 
staples,  one  around  each  nail  close  up  to 
the  head.    By  this  method  ndther  the  shelf 


Fio.  1.    A  Double  Puotogsapu. 

be  of  intoreet  to  some  of  the  amateur 
photographers  that  read  Tbb  Mechanic 
Abis  Maqazini. 

Have  the  tinsmith  make  a  cap  to  fit  tightly 
over  the  hood  of  the  lens,  and  have  barely 
half  of  the  bottom  of  the  cap  cut  oat,  as 
shown  in  Fig.  2.  Paint  the  inside  of  this  cap 
block.     To  make  a  double  picture,  focus  for 
the  desired  view  as  usual, 
having  the  subjects  yj>u  wish 
to  appear  twice  in  the  same 
picture  well  to  one  side  of 
I  the  center  line  of  the  picture 

as  it  appears  on  the  ground 
glass ;  put  on  the  half  cap 
with  the  diameter  vertical ; 
draw  the  slide  of  the  plate- 
fa  older  and  expose;  this 
expoaare  photographs  the  subjects  and  the 
half  of  the  background  that  is  behind  them. 
Without  moving  or  in  any  way  disturbing 
the  camera,  have  the  subjects  cross  over  to 
the  other  side  and  make  a  second  exposure. 


nor  the  wall  is  at  all  disfigured ;  and  the 
shelf  is  very  secure,  yet  can  be  taken  down 
easily  and  without  disfiguring  the  wall. 

SAWINQ  PLOORINO. 


Whbh  I  went  to  serve  an  apprenticeship 
as  a  carpenter,  one  of  the  things  I  learned 

was  to  lay  flooring.  This  isn't  remarkable, 
for  every  boy  would  be  taught  that,  but 
I  noticed  that  breaking  joints  required  con- 
siderable skill  and  dexterity  in  order  that  the 


GOOD  SCHEMES. 


joints  might  not  be  conapicaous  by  gaping 
cracks.  As  oenally  done,  the  fiooring  ia 
marked  with  a  knife  blade  along  the  blade 
of  a  try-equare  very  carefully  held  in  place. 
The  sawing  is  done  with  a  fine  saw  { backed, 
frequently),  and  when  these  three— the 
knife,  the  equare,  and  the  saw — are  used 
akilfutly,  and  the  flooring  ia  run  straight, 
and  sawed  under,  a  very  fair  joint  ia  the 
result.  It  ia  not  a  rapid  method,  by  any 
meane,  and  it  takes  a  good  carpenter  to  keep 
out  of  the  way  of  but  one  man  laying  and 
blind  nailing. 

Beii^,  by  nature,  partial  to  "abort  cuts," 
which,  translated,  should  mean  the  quickest 
way  to  do  a  thing  well,  I  surprised  my 
"  boss  "  one  Monday  morning  by  offering  to 
work  the  week  oat  without  pay  if  I  could 
not  aaw  flooring,  making  good  joints,  as  fiaet 
as  two  men  could  nail  it  down,  and  as  a  aide 
remark  said  I  would  nee  no  scratch  to  work 
by.  I  had  practiced  in  secret  and  knew  I 
could  do  it    As  the  floor  we  were  laying 


waa  not  a  too  particular  job,  he  jokingly  told 
"John"  to  "give  the  boy  a  chance  to  try." 
But  I  did  it,  much  to  their  Burpriae,  for  I 
more  than  kept  out  of  the  way  of  both  the 
boea' a  helpers.    And  this  ia  how  it  was  done: 

Two  pieces  of  flooring  were  laid  along 
parallel  to  that  already  nailed  down,  one 
piece  overlapping  the  end  of  the  other  on  a 
joiat.  Grasping  both  pieces  of  flooring  with 
my  left  hand,  the  thumb  at  the  point  where 
I  wanted  to  make  the  joint,  I  pulled  the  two 
pieces  into  position,  with  Ihe  joint  a  little 
past  the  joist,  and  »ateed  through  both  at  the 
tame  time,  uaing  an  eight-  or  nine-tooth  saw. 
Of  a  conaequence,  when  one  piece  was  laid 
and  the  other  butted  up  against  it,  the  Joint 
was  all  that  could  be  desired.  And  the 
rapidity  with  which  flooring  can  be  laid  by 
thismethod  is  a  revelation  to  oneaccustomed 
only  to  the  old  method  of  knife  joints. 

The  Sneet  flooring  can  be  aawed  in  this 
manner  Bucc«)<sfully,  as  also,  with  a  little 
care,  molding  and  other  small  stuff,  following 
the  same  general  plan  of  sawing  through 
the  two  pieces  at  the  same  time  while  they 


are  held  in  practically  the  positions  they  will 
flnally  occupy.  The  ugly  slants  in  circular 
stair  frames,  in  hip  roofs,  and  the  like  can 
also  be  successfully  managed  in  this  way, 
and  with  great  expedition.  It  is  a  good 
scheme,  well  worth  adopting,  and  will  be 
found  to  save  not  only  time,  but  temper  and 
material.  It  is  the  pleasure  a  man  feels  in 
using  little  schemee  like  this  that  makes  his 
work  worth  doing. 

A  CORB-BOX  PLANER. 

W.  A.  CtoujjA,  Oanliagt.  f.  Y. 

I  WILL  TEV  to  help  out  some  of  my  brother 
patternmakers  by  describing  a  core-box 
planer  that  I  have  found  of  great  assistance. 
Take  an  8-inch  "rabbet"  plane  and  screw 
on  to  it,  in  the  manner  shown  at  (a)  and  (b), 
a  l-inch  board  of  bard  wood,  making  the 
width  1  inch  less  than  the  height  of  the 


plane,  so  that  the  distance  a  c  is  equal  to  a  6, 
and  see  that  the  angle  6a  c  ia  exactly  a  right 
angle.  Grind  the  planer  blade  to  Ihe  dotted 
shape,  as  at  (d),  and  so  that  the  cutting  edge 
ia  about  \  inch  wide.  Mark  out  the  semi- 
circle for  the  core  as  shown  at  (e),  and 
gouge  out  roughly  in  the  usual  manner  ; 
then  trim  the  edges  /  and  g  to  finish  lioe, 
just  far  enough  to  give  the  plane  a  start,  and 
do  the  rest  with  the  planer.  By  this  means 
a  perfect  semicircle  ia  obtained  without  any 
difliculty,  and  much  time  is  saved. 

SUBSTITUTE  FOR  THUMBTACKS. 

If,  insteao  of  using  thumbtacks,  drafts^ 
men  would  fasten  paper  to  hoard  with  small 
copper  tacks,  they  would  be  relieved  of  the 
annoyance  of  having  T  square  and  tTiaQg;1ee 
constantly  bumping  up  against  the  pr^ecting 
heads.    This  scheme  is  better  than  it  looks. 


^CSTRADE   NOTES  I 


IHPRDVSIfBNTS  IN  BICYCLES. 

Thb  iLLUOTBATtoNS  OQ  this  page  represent 
aome  of  the  most  striking  irapTovementa 
that  have  been  made  in  the  1899  model 
of  the  Cleveland  bicycle,  maDu&ctured  by 
H.  A.  Lozier&Co.,  of  Cleveland,  Ohio.  Aa 
enumerated  in  the  makere'  cattdogue,  the 
radical   novel- 


dnde 


theBui 
combination 
ball-and- roller 
bearing;  an 
entirely  new 
method  of 

i  anchoring  the 
a  pokes  In  the 
hnba ;  a  modi- 
fied handle 
bar;  bearinge 
Pio.  1.  with   leeaened 

friction ;  mod- 
ifications in  the  front  and  the  rear  forka ; 
an  improved  crank-yoke;  heavier  tubing ; 
fhllerframeandforkreinforcementa;  alarger 
frame  he*>d  ;  Mid  refinements  on  the  hollow 

Perhaps  the  most  noteworthy  of  these 
improvements  is  the  ball-and-roller  bear- 
ing; this  is  shown  in  Fig.  1,  and  deserves 
to  be  thoroughly  understood,  because  the 
average  cyclist  has  come  to  believe  aome- 
thing  that  is  not  true,  namely,  that  in  the 
ordinary  ball  bearing  there  ia  no  sliding  Mic- 
tion, and  that,  therefore,  it  ia  quite  impoe- 
Bible  to  improve  upon  it.  Now,  when  the 
balls  in  an  ordinary  bearing  move  aa  they 
do,  all  in  one  direction,  it  maat  be  remem- 
bered that,  as  related  to  one  another,  the 


signiflcance  of  this,  we  show,  in  Fig.  2,  part 
of  a  bowling-atley  ball-way,  down  which  the 
balls  are  returned  to  the  bowlers.  It  ia  easy 
enough  for  one  of  these  balls  to  roll  down 
hill  by  itself,  but  things  go  much  leas  mer- 
rily when  several  of  the  balls  come  in  con- 
tact Of  the  three  shown  touching,  it  will 
be  seen  that  the  middle  one  has  two  other 
balls  to  rub  and  grind  against,  the  result 
being  that  these  three  soon  come  to  a  stand- 
still, while  the  loose  ball  shoots  ahead  and 
races  for  home.  In  the  Burwell  ball-and- 
roUer  bearing  there  ia  a  polished  steel  roller 
between  each  pair  of  balls,  so  that  the  snr- 
fkce  motion  of  ball  and  roller  ia  continuous, 
the  only  sliding  friction  being  that  due  to 
the  very  slow  and  slight  rubbing  of  the  tiny 


rear  surface  of  every  ball  is  moving  in  an 
opposite  direction  to  the  fi-ont  surface  of  the 
ball  behind  it,  and  that  there  is  a  resultant 
of  joflt  so  much  sliding  friction,  due  to  this 
mbbing  of  the  balls  against  one  another. 
To  belp  the  reader  to  fiilly  appreciate  the 


thus  fitted  will  run  equally  well  in  either 
the  vertical  or  the  horizontal  position, 
whereas  in  the  ordinary  ball  bearing  the  hub 
spina  longer  when  vertical,  because  in  that 

position  the  balls  are  wider  apart  and  lesa 
subject  to  friction.  But  the  ball-and-roller 
bearing  posaesses  incidental  advantages  that 
do  not  at  once  reveal  themselvea.  One  of 
the  annoying  features  of  bicycle  bearings  is 
the  constant  rattling  noise  cauaed  by  the 
balla  as  they  rise  over  the  crest  of  the  cone 
and  drop  with  a  ceaseless  clatter  one  on  top 
of  the  other ;  now,  while  this  is  going  on, 
theother  balla  are  bunched  in  close  company 
underneath,  and  for  a  moment  of  time  have 
to  bear  more  than  their  share  of  the  pedal 
pressure,  involving  friction  and  loss  ot  power. 
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TRADE  NOTES. 


In  the  ball-and-roller  bearing,  not  only  is  the 
disagreeable  rattle  stopped,  but  the  pressure 
is  evenly  distributed  around  the  cone. 

Next  in  importance  is  the  new  direct  spoke, 
illustrated  in  Fig.  3.  The  hub  end  of  each 
spoke  terminates  in  a  compressed-steel  ball 
about  i  inch  in  diameter,  and  the  hub  is 
drilled  to  receive  the  spokes  direct.  There 
is  an  extension  on  one  side  of  the  spoke  ball 
that  makes  it  impossible  for  the  spoke  to  turn 
or  to  come  out,  except  when  brought  vertical 
to  the  hub  ;  in  the  latter  position  it  is  at  once 
removable.  To  provide  for  this  improve- 
ment the  hubs  are  made  sUghtly  larger  than 
before,  thus  gaining  in  strength  and  making 
the  general  appearance  more  handsome. 

BOOKS  AND  CATALOGUES. 


Liquid  Air  and  the  Liquefaction  op 
Gases — ^Theory,  History,  Biography,  Prac- 
tical Applications,  Manufacture.  By  T. 
O'Connor  Sloane,  Ph.  D.  Published  by  Nor- 
man W.  Henley  &  Co.,  New  York.  Price, 
$2.50. 

The  general  interest  that  has  been  stirred 
up  by  accounts  in  the  daily  press,  as  well  as 
in  various  magazines,  of  the  wonderful 
achievements  by  Mr.  Chas.  E.  Tripler  in 
liquefying  air,  and  generally  vague  state- 
ments with  regard  to  the  possible  applica- 
tions of  liquid  air  in  the  industrial  world, 
makes  the  appearance  of  the  book  before  us 
most  opportune.  The  book  is  written  for 
the  layman,  and  therefore  necessarily 
reaches  back  to  fundamental  laws  of  physics 
and  chemistry  in  preparing  the  reader  for 
the  understanding  of  the  theory  of  the 
liquefaction  of  gases,  and  air  in  particular. 
These  preparatory  chapters  fill  nearly  one- 
third  of  the  book,  and  are  as  clearly  and 
concisely  written  as  is  possible,  perhaps,  in 
treating  such  a  subject ;  naturally  they  are 
not,  and  are  not  meant  to  be,  very  exhaus- 
tive, and  reading  them  may  be  likened  to  a 
post-haste  journey  through  a  vast  country, 
with  a  guide  by  your  side,  directing  atten- 
tion to  the  most  important  points.  The 
journey  is  delightful ;  in  other  words,  the 
subject  is  presented  in  by  no  means  a  dry 
manner,  and  aflfords  pleasant  reading.  The 
next  chapter  contains  a  historical  account 
of  the  development  in  the  art  of  liquefying 
gases,  from  the  early  experiments  to  the 
latest  methods,  and  gives  incidentally  the 
biographies  of  Faraday,  Gretel  Carlletet, 
Wroblewski,  Olszewski,  Dewar,  and  Charles 
Tripler  as  the  most  eminent  workers  in  the 
field.  Clear  descriptions  of  the  Linde 
apparatus  and  the  Hampson  apparatus  are 


given,  while  that  employed  by  Tripler  is  not 
so  liberally  described,  but  left  somewhat 
wrapped  up  in  mystery  so  far  as  the  "  liqne- 
fier ' '  and  the  *  *  valve ' '  are  concerned.  This 
is  to  be  regretted,  as  nothing  is  more  con- 
ducive to  disappointment  to  a  reader  seek- 
ing information  than  *'undivulged''  details 
of  apparatus.  Chapter  XVI  is  an  enumera- 
tion and  illustrated  description  of  the  vari- 
ous startling  experiments  made  by  Mr.  Trip- 
ler, and  already  familiar  to  many  through 
the  magazines.  The  closing  portion  of  the 
book  treats  on  some  of  the  applications  of 
liquid  air,  and  here  the  reader  is  again 
somewhat  disappointed,  as  he  neither  finds 
refuted  nor  sustained  the  sanguine  state- 
ments that  have  now  and  then  been  made 
as  to  the  possible  use  of  liquid  air  in  the 
industries.  The  author  closes  in  saying  that 
liquid  air  would  present  an  ideal  substance 
for  the  production  of  energy,  if  only  it  could 
he  produced  cheaply  enough.  And  there's  the 
rub.    Let  us  hope  that  it  will  be. 

The  Pigeon  Hole  Library  for  Business 
Men. — A  series  of  addresses  and  essays  by 
prominent  financiers,  accountants,  and  busi- 
ness men.  *  *  Bookkeeping  Frauds  and  Meth- 
ods for  Their  Detection,"  **  Partnership," 
and  ''Successful  Methods  in  Business"  are 
the  titles  of  the  first  three  numbers.  The 
Business  Publishing  Co.,  32  Lafayette  Place, 
New  York,  N.  Y. 


NEW  BOOKS  OF  INTEREST. 


Any  of  which  can  be  obtained  from  The  Techni- 
cal  Supply  Co.,  Scranton,  Pa. 

'*Text  Book  of  Sound."    E.  Catchpool. 
$1.40. 

"Navigation   and  Nautical  Astronomy." 
W.  R.  Martin.    |6.00. 

"Elements     of     Physical     Chemistry." 
J.  L.  R.  Morgan.    $2.00. 

"Text     Book     of    Physics."     Vol.    II. 
J.  H.  Poynting.    $3.00. 

"Graphics."     F.  N.  WiUson.     Part  III, 
$1.50.    Part  V,  $1.00. 

"Cabinet-Making  for  Amateurs."  J.  P. 
Arkwright.    $1.00. 

"  Beautiful  and  Quaint  Designs  in  Leaden 
Glass  ;  entitled  :  A  book  of  sundry  draughtes 
principally  serving  for  glasiers,  and  not 
impertinent  for  plasterers  and  gardiners." 
$2.40. 

* '  Photography. * '    A.  Brothers.    $6.00. 

'  *  Metal  Work, "  A.  G.  Compton.  Part  I 
$1.50. 

"Cupola  Furnace."    E.  Kurk.    $3.50. 
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Note.— ^(idroi  aH  leOeri  aaUaiaing  ipiatioai  lo  bt 
mtuinvd  in  lldi  deparlmenl  to  The  Ubchahtc  Aris 
Magazine,  Seranton,  Pa. 

1,  Put  lUt  addrat  both  on  Uie  eavdope  and  at  Oie 
HmHoftAe  Idler. 

I.  Only  quoHont  of  Btnerai  intereM  lo  our  Teaden 
iBUte  attmcrred. 

i.    Ifo  qaeMont  viU  Ix  aniwercd  bn  mail. 

L  DratBingt  or  ikeUiet  accompanj/ijig  qwiHiyrui  tttmUd 
he  made  cm  a  lepanOt  ehed  i(f  paper,  and  tluniid  bt 
draun  lu  dearly  ai  potiffiU. 

1.  The  namit  and  fail  addroKt  of  the  Tnrilert  vnai 
aetamparrii  the  ItUert,  or  no  aUentton  Jiill  it  paid  lo  them. 
Caiat  otAa-wtMTTViKsfed.iMwflijmMItAtmJli  theinttlalt 
and  addrtm  of  IM  tuiler, 

S,  Sefertwe  U>  inqniiia  prnUmdy  ontuwol  titoalA 
ffiee  date  <^  itme  and  numim  Of  vuoftcn. 

?.  A-nyhook  not  out  imprint  andfortale  ftyresniiar 
dtaleri  may  be  ordered  Uirougli  the  Hagaiine. 

Ebbatuh.— May,  1SCI9,  AnRtrera  to  iDquirlen,  No.  98. 
uuireiU)  (b)iliouldjreadr  If  yon  intatltuu  fbr  the 
SS-toolh  ■  M-looth  gear,  you  will  decreow  tbla  dli- 
taoce  In  the  pniportlcni  of  M  lo  33,  and  the  distance 
that  ■  point  on  the  drum  will  traiel  during  one  revo- 
InlbHi  of  tbe  lOO-tooth  gear  will  be  ^^^—  =  ilnch. 


pUle  trotn  which  lo  print  visiting  old*,  caidi  V 
waldinir  luTitatloOB,  and  iIinllBr  workT    How  a., 
n  placed  upon  the  plate  before  being  el  eh  ed. 


bow  Is  the  ■ 


!Of  tl 


d  uted  Tor  etching^'  Expl^nalsb  the  proc- 

e«  of  printing  from  sneh  a  plate. 

A.M.  P.,  Brooklyn,  N.Y. 
Aug.— The  plate  for  plate  printing  (whetherofiteel 
or  copper)  is  not  etched,  but  engrayed  by  hand,  In 
which  operation  great  aldll  |g  cegolred.  For  a  Tiall- 
Ing  card  the  name  le  first  written  on  the  poliJihed 
■orface  of  the  copper  with  a  pointed  steel  pencil; 
thla  writing  la  done  freehand.  Then,  with  an  engrav- 
ing tool,  the  lettera  are  cut  Into  the  copper.  The 
process  of  printing  tiom  engraved  plates  is  fully 
described  In  Hohe  Study  Uaoazimb,  June,  1998, 
Aniwers  to  Inquiries,  No.  'HO.  The  making  of  cuts 
for  llliutraliDg  purposes  la  tully  described  In  the 
preaeDt  number.  In  answer  to  queation  No,  1^. 
The  add  used  for  etching  these  cats  is  nitric  acid. 
The  ink  used  far  printing  traia  copperplates  is  litho- 
graphic Ink. 


{117)  (o)  Wliat  i«  the  weight  o(a  cnblc  toot  of 
hard  wood,  and  whatofacaUcfOototateel?  <b)  Do 
I  mo  •ny  risk  in  employing  two  aeparate  attorneys 
wtaea  applying  Ibr  a  united  Btalee  patent? 

V.D.T., Cornwall, On  t- 

AJm. — (a>  Hardwoodivuryconslderablyin  weight; 
the  average  wel^t  Id  poundi  of  a  cubic  foot  of  dry 
aah  Is  SB :  cherry,  42 ;  ebony,  76 ;  elm.  35 ;  hickory,  68 ; 
lignnm  vile.  83;  oak,  59;  sycamore.  t7;  walnut,  38. 
Oreen  Umber  nsnally  weighs  from  one-Sfth  to  one- 
half  more^Ihan  dry.  The  average  weight  of  a  cubic 
foot  of  steel  la  490  pounds,  (b)  You  cannot  make 
two  applications  fOr  the  same  patent  at  the  same 
time-    As  far  as  getting  advice  Is  concerned,  you  may 


<118)  (a)  What  la  the  best  Bhapc  for  a  amall  green- 
house? {bj  li  It  necessary  for  a  greenhouse  to  be 
glazed  with  doable  glass?  (c)  What  Is  the  best  way 
to  heat  such  a  house— by  hot  air,  hot  weter.  or 
steamT  W.  K  W.,  St.  Joho,  N.  B. 

Ans.— (a)  Tbe  proper  coiutructlon  of  imall  green- 
houses can  best  be  ascertained  by  writing  to  The 
Lord  and  Buroham  Co..  Iivinglon-on-the-Hndiion. 
N.  Y.  Aak  them  to  send  you  their  catalogue  entitled. 
"Greenhouses  for  Amateure."  (b)  It  la  not  neces- 
sary to  have  double  glass,  providing  youi  heating 
plant  la  large  enough  to  supply  enough  heat  during 
the  coldest  weatber.  (c)  Heat  by  hot  water  and  use 
+-lnch  oaal-Iron  pipes. 

(119)  (a)  What  Is  the  constractlon  and  princdple 
of  action  of  the  "  Which  Way  "  pocket  level  advert 
tised  In  THE  MicHAMic  Abts  uaoaunbT  (b)  Oive 
diagrams  showing  the  principle  of  tbe  steam  sepa- 
rator and  tbe  steam  loop,  (c)  Can  a  soldering  Iron 
be  made  Of  any  piece  of  copper  by  simply  tinnuig  tt, 
or  does  the  copper  have  to  go  through  some  special 

Coent    (if)  Is  It  a  good  plan,  afuir  putting  (\iel 
>  a  romace,  to  shut  the  chimney  damper :  will  It. 
to  a  certain  extent,  sloplheeoldatrfromnistklnglDT 
J.  D.  a..  CalltomTa. 
Ans,— |o)  A  descripUouof  the  "  Which  Way  "  level 
appeared  In  the  "Trade  Notes"  department  of  the 
April  number.    (A)  The  water  beld  lu  mechanloal 
suspension  In  wet  steam  being  heavier,  volame  for 
ni.  It  (bllowsthat,  If  the  direc- 
tion of  Sow  or  the  net  steam 
be    ahmptly   changed,    the 
particles  of  water,  by  reason  . 
of  their  Inertia,  will  otm- 
flnue  In  the  original  direc- 
tion of  the  cnrrent,  while 

another  direction.  This 
principle  Is  made  ose  of  in 
steam  separators,  like  the 
one  shown  in  Fig.  l.  The 
steam  enters  at  c,  and  is 
deflected  by  a  curved  par- 
tition, which  gives  It  a  spiral 
motion  about  tbe  pipe  a. 
The  particles  of  water  are 
thrown  against  the  walls  of 
the  vessel,  and  run  down  to 
tbe  bottom  of  the  chamber, 
while  tbe  dry  neam  panes 
up  through  the  pipe  a  and 
dlacbsrges  at  the  outlet  d. 
The  aeparator  Is  provided 
withadripplpeAandgauge 
glass  II.  Tbe  four  wlugi  b 
destroy  the  spiral  motion  of 


volume,  than  tt 


t  of  s 


IS  for 


nallcally  retumlDg  tbe  wi 


the  boiler. 
Fig.  2,  where  a  Is  the 
the   aeparator,  and  t 
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the  aUun  pipe  le^lng  to  the  englae.   The  opets- 


a  or  til 


colleCl«d  in  the  bottom  of  1 
up  the  licer  d  and  through  the  horlioDUl  pipe  t 
into  the  drop  leg  /.  Then,  at  loan  u  the  lum  or  the 
itoini  preMure  In  the  drop  leg  and  the  preaure  due 
to  the  be&d  nt  of  water  between  gg  uid  AJk  exceed! 
the  boiler  prenure,  the  cbeck-valTel  openi.  and  lonie 
of  the  naler  In  the  drop  1^  enter*  the  holler.  The 
check-Talre  close*  ai  uon  ai  the  bollei  prewnire 


thac  at  other  time*.  I  hare  tried  *liort«uiiig  valve 
■tern  ao  aa  to  make  It  take  iteam  earlier,  but  tbli  bai 
no  effect;  but  b;  aelUnK  Dp  the  gland  at  Iheatnffing- 
toi,  and  tbui  iDcreaimg  the  frlctloD  at  tliat  side, 
the  atroke  l>  ahortened  and  the  troutilc  ceaaea.  bat  of 
course,  It  begin*  again  In  a  abort  time.  Fleaae  give 
remedT.  (t)  Will  a  bad  vabble  In  a  flywheel  loot 
a  bandvbeel)  11  feet  In  diameter,  and  making  1<& 
TeiolDtloDS  a  minute,  cause  the  engine  lo  pound? 
F.  U.  E.,  GalnivlUe.  Teia*. 
AHS.— (a)  The  cau«e  of  the  trouble  appear*  to  be 
that  there  i*  too  little  compreealou,  due  probably  to 
leakage  of  aleam  tram  the  compreaaion  apace  after 
the  pliton  coTen  the  eihaon  paaage.  The  leak 
may  be  between  the  valve  and  II*  teat,  or  aroDDd 
the  platoo  ring— prabablT  the  latter.  The  ramed]' li 
to  provide  aufflclent  compreflBlon  by  atopplng  tike 
leak.  Id  aome  pampi  the  compreealon  la  controlled 
bj  valiea,  which  regulate  the  amount  of  opening  of 


•agea;  if  yoor  pump  ii  provided  with  thia  attach- 
ment, the  compreaaion  can  be  Inereaaed  by  clofllng 
the  valve  ao  as  to  reduce  the  quantity  of  aleam  that 
eacapea  from  the  comprecalon  apace,  (t)  An  unbal- 
ance flywheel  la  very  likely  to  caoaa  the  engine  to 
pound ;  In  any  caae.  It  will  cauae  extra  itrenea  In 


Fig.  2. 

eiceedi  that  In  the  drop  leg:  It  opens  again  aiaoon 
as  the  preasuro  In  the  drop  leg  exceed*  the  boiler 
preaaure.  The  loop  at  i  prevents  any  water  In  the 
horizontal  pipe  ;  from  flowing  back  Into  the  aepa- 
ratoi.  (c)  Any  piece  of  copper  or  br*«a  can  be  uaed 
for  a  aolderlng  Iron,  copper  being  preferable.  <d)  If 
yon  do  not  want  a  (t'eahly  coaled  are  to  bum  up.  the 
damper  may  be  closed.  Tbla  certainly  prevents  the 
entrance  of  air  to  tbefamace. 


}uld  be  pleased  lo  have 


aame,  togethi 
Is  adapted. 


lei  i>i|iiuK  '"'  ""K''  planla.        P.  P.  K.,  Erie.  Pa. 
.NH.— The  moat  auitable  book  treating  on  dyiia- 
probably    "  Dynamo- Electric 


".  Thon 


*.75. 


/  fully  of  alternating-current 
won:,  but  you  conld  obtain  auch  information  In  Ihle 
line  from  the  aame  author'a  "Polyphase  Electric 
Currenla,"  price  13.50,  There  la  no  work  on  piping 
that  we  can  reconunend,  but  you  will  And  some 
Interesting  and  Inatrucllve  articles  on  the  eubjcct  In 
recent  numbere  of  "Power  "  and  "The  American 
Machinist."  The  above  books  are  for  aale  by  The 
Technical  Supply  Co.,  Scranton,  l-a. 


{Vitj  (a)  1  have  a  Laidlaw-Duon-iioidon  duplex 
iller  feed-pump,  each  piston  of  which  makea  about 
atroke*  per  minute.  One  pluinn  travels  ino  far  at 
le  end.  pushlngihe  joint  of  i 


f  the  cylinder:  thia  allowB 


uilng  alow  or  when  si 


Sa)  (a)  PleaaeeiplaintDllytheproceeBbywbich 
dmllar  to  those  used  In  The  Hechinic  Aai* 
Maoazini  are  made,  (h)  How  are  calling  card* 
printed  from  a  copperplate  engraving,  the  letter* 
bdng  rank  In  the  plateT  I  do  not  understand  how 
the  ink  ta  applied,  (c)  What  kind  of  steel  Is  uaed  in 
the  manufacture  of  steel  magnets,  and  how  la  the 
ateel  hardened?  G.  C.  B.,  La  Croeie,  Wi*. 

ANB.— <a)  The  Qratateplilomaketbedrawing  from 
the  sketch  aupplled  lo  the  Illoatrator.  The  drawing 
la  generally  made  about  twice  aa  large  aa  the  cut 
Is  Intended  to  be  when  printed,  Thia  la  done  lo  get 
sharper  lines.  On  the  drawing,  aa  handed  to  the 
engraver.  Is  marked  the  reduction  that  Is  to  be  mode. 
If  the  cut  la  required  to  behalf  the  size  of  the  draw- 
ing, Ihe  latter  is  marked  "reduce  1."  Other  reduc- 
tions are  generally  given  In  flgnrea,  thus,  "reduce 
toSJ  inches."  A  reduction  of  course  affects  both  the 
length  and  the  width.  Thua,  If  adniwlng91n.  x61d. 
were  marked  "  reduce  i,"  the  cut  would  be  41  la. 
X  3  In.  The  engraver  taken  a  photograph  of  the 
drawing,  reduced  to  the  required  size.  A  print  la 
then  taken  from  the  negative  on  a  aensltlEed  zinc 
plate.  The  next  procen  la  to  etch  this  plate  with 
acid.  Where  the  dark  llnea  occur  on  the  plate  (eor- 
responding  to  the  lines  on  the  drawingl,  the  add 
cannot  attack  the  plate.  The  result  I*  that  the  plate 
la  eaten  away  wherever  a  while  space  ahowa  on  the 
drawing,  and  la  len  unmarked  wherever  ink  tinea 
occur.  Next,  Ihe  plate,  or  "cut,"  is  routed  where 
large  apacea  occur,  being  cut  down  about  ^  of  an 
Inch  below  where  the  acid  has  eaten.  Thia  iniarcs 
that  If,  In  printing,  the  paper  bnlge*  somewhat  InaKle 
these  spaces.  It  will  clear  the  plate.  Close  np  to  the 
lines.  Ihe  plate  Is  allowed  to  remain  jnat  oj  the  add 

wilhln  about  A  of  an  Inch  of  the  lines.  It  la  now. 
together  with  a  proof  taken  from  II,  given  lo  the 
engraver  to  "trim  up,"  he  being  alao  provided  wltta 
the  original  drawing  as  a  guide.  He  remove*  any 
Imperfecllons  that  may  now  appear  In  the  plate,  the 
proof  before  him  aervlng  to  guide  him  In  finding 
thtxe  bad  spots.  The  cut  la  then  "  blocked,"  that  ta, 
tacked  down  on  a  smooth,  level  piece  of  hard  wood. 
of  BUCh  a  thickness  that  the  height  from  the  under 
side  of  the  wood  to  the  top  aurthce  of  (be  plate  is  Jaat 
equal  lo  the  depth  of  type  used  In  the  accompany  log 
text.  In  technical  language,  the  plalela  made  "type 
high."    (A)  A  Strang  ink  is  uaed  for  thia  purpoae. 
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applied  to  the  plate  by  means  of  a  ball,  as  it  Ib  called 
by  printers.  This  is  a  spherical  instrument,  made  of 
sheepekin  and  staffed  with  wool  or  hair.  This  is 
coated  with  ink  and  the  latter  thus  rubbed  well  into 
the  lines  of  the  plate.  A  card  is  then  laid  on  the 
plate  and  the  two  passed  between  rollers,  under  a 
heavy  pressure.  The  ball  is  used  to  ink  the  plate 
again  after  every  imprint,  (c)  Various  fancy  steels, 
such  as  tungsten,  etc.,  are  often  spoken  of  in  this 
connection,  but  in  the  majority  of  cases  a  cheap, 
low-grade  steel,  costing  ftom  2^  to  4|  cents  a  pounds 
wholesale,  is  employed,  and  is  quite  suitable.  It  is 
hardened  by  heating  to  a  bright  cherry  red  and  cool- 
ing right  out  in  cold  water.  It  is  magnetized  by 
stroking  it  across  the  poles  of  a  powerftil  electro- 
magnet. 

•*» 

(123)  I  want  a  simple  rule  or  rules  for  finding  the 
area  of  any  part  of  the  surface  of  a  sphere,  so  as  to 
get  the  size  of  blank  required  to  make  it. 

W.  L.  B.,  Meriden,  Conn. 
Ans.— Every  plane  section  of  a  sphere  is  a  circle ;  a 
section  made  by  a  plane  passing  through  the  center 
of  the  sphere  is  called  a  great  circle.  A  spherical  lune 
is  a  portion  of  the  surface  of  a  sphere  bounded  by 
two  semldrcumferences  of  great  circles.  A  spherical 
polygon  is  a  portion  of  the  surface  bounded  by  three 
or  more  arcs  of  great  circles;  a  spherical  polygon 
_  bounded  by  three  sides 

is  called  a  spherical  tri- 
angle. The  angles  of  a 
spherical  figure  are  the 
angles  between  the  arcs 
of  great  circles  which 
bound  the  figure.  A 
spherical  angle  is  meas- 
ured by  the  angle  be- 
tween the  planes  of  the 
great  circles  containing 
the  angle,  or  by  the 
angle  between  two  tan- 
gents, one  drawn  to  each  of  the  circles  at  their 
point  of  intersection ;  thus,  the  spherical  angle  MB  N 
is  measured  by  either  of  the  equal  angles  KBL  or 
MON.  The  angle  M  B'N  is  also  measured  hjMON, 
and  therefore  the  angles  ifBiVand  Jf^^V  of  the 
lune  MBNB*  sue  equal. 
Let  E  =>  radius  of  the  sphere ; 

A  =>  area  of  the  surface  of  sphere ; 

V  =  ratio  of  ik  circumference  to  its  diameter ; 

L  »  area  of  a  lune  whose  angle  contains  B 


T  s  area  of  a  triangle  the  sum  of  whose  angles 

contains  S  degrees; 
P  »  area  of  a  polygon  of  n  sides  the  sum  of 
whose  angles  contains  S  degrees. 
The  following  formulas  are  proved  in  books  on 
geometry: 

V  =  8. 1416  (approximately)         (1) 

^=4wJP  (2) 

w  B*  B    ' 


90 
w  1? 


(S  -  180) 


180 

trJP[g-(n-2)180] 
"180 


(3) 
(4) 
(5) 


The  area  of  any  portion  of  the  surface  of  a  sphere 
boonded  by  arcs  of  great  circles  can  be  found  by 
these  formulas. 

(124)  (a)  Is  there  any  difference  between  a  freight- 
car  triple  valve  and  a  pameuger-car  triple  valve? 
(b)  Are  they  all  "standard"?  If  so,  why  are  some 
marked  F  and  others  P7  (c)  What  is  the  origin  of 
the  expression  ^'a  stuck  wedge"?    Seeing  that  the 


wedge  remains  stationary  and  that  it  is  the  driving 
box  that  moves,  would  it  not  be  more  correct  to  say 
"a  stuck  box"?  (d)  Explain  how,  on  an  8-wheeler, 
a  stuck  box  is  detected,  and  give  the  remedy  therefor, 
(e)  Why  is  it  that,  in  running  the  S-wheeler  and  put- 
ting the  reverse  lever  three  notches  back  of  center, 
it  continues  to  run  forward,  and  yet  is  as  square 
as  if  notched  up  four  notches  and  in  back  motion  ? 
(/)  Standing  still,  if  the  engine  is  hooked  up  two 
notches  and  given  steam,  it  won't  move.  Why  is  this? 
(g)  What  is  the  coal  capacity  of  a  pit  8  feet  5  inches 
long,  4  feet  8  inches  wide,  8  feet  1  inch  deep?  Show 
the  working  of  this  problem. 

R.  F..  New  Orleans,  La. 

An8.— (a  and  6)  Yes ;  the  size  of  the  ports  is  not  the 
same  in  each  case.  As  the  triples  have  the  same 
outward  appearance,  it  is  necessary  to  distinguish 
between  them  in  nome  way ;  hence  the  use  of  P  to 
denote  passenger  and  F  to  denote  freight,  (c)  The 
point  you  raise  is  an  amusing  one ;  you  are  certainly 
at  liberty  to  talk  of  "a  stuck  box  "  if  you  prefer  it, 
as,  also,  you  are  to  talk  of  a  hot  journal  instead  of  a 
hot  box,  or  a  hot  crosshead  gib  instead  of  a  hot  guide. 
When  the  contingency  in  question  does  occur,  the 
part  we  have  to  move  Is  the  wedge,  in  order  to  ft>ee 
the  box.  It  seems  rational,  then,  to  talk  of  a  "  stuck 
wedge."  You  say  that  the  box  moves ;  we  prefer  to 
regard  the  firames  (and,  therefore,  the  shoes  and 
wedge)  as  moving.  True,  when  a  high  or  a  low  spot 
in  the  track  Is  struck,  the  wheel  (and  box)  moves 
momentarily  in  space ;  or,  in  other  words,  relatively 
to  the  normal  rail  leve^  and  therefore  to  the  ftumes 
of  the  engine ;  but  when  running  along  an  ordinary 
level  track  the  box  is  at  rest  relative  to  the  rail, 
while  the  firames,  due  to  the  engine  rocking  on  her 
springs,  move  up  and  down.  So  that,  speaking 
generally,  we  may  say  the  wedge  moves  up  and 
down  on  the  side  of  the  box.  Of  course,  the  point  is 
not  of  the  least  importance— nothing  but  a  verbal 
quibble,  (d)  The  sticking  of  a  wedge  is  readily  dis- 
covered by  the  "  riding"  of  the  engine,  the  spring  of 
that  particular  wheel  being  then  inoperative.  Even 
if  not  actually  stuck  fast  in  the  jaw,  there  being  still 
a  little  vertical  motion,  the  engineer  can  tell  by  the 
loss  of  freedom  in  the  engine's  riding  that  something 
is  not  quite  right.  The  engineer  is  sometimes  warned 
of  a  stuck  wedge  by  finding  a  hot  journal,  which  is 
usually  the  cause  of  the  trouble.  To  remedy  it,  slack 
the  upper  nut  of  the  wedge  bolt  and  tighten  up  the 
lower  one  (the  one  underneath  the  frame  clamp) 
and  at  the  same  time  get  some  one  to  jar  the  pedestal 
by  hammering.  You  can  get  a  bar  on  to  it  fh>m  the 
outside,  a  third  party  hammering  on  the  bar  with  a 
large  hammer  or  anything  available.  It  is  better, 
however,  to  use  a  small  hammer  directly  on  the 
fkame  itself,  as  by  this  method  a  better  effect  can  be 
produced.  If  the  wedge  won't  move,  put  a  crowbar 
underneath  the  frame  and  "  lever  "  on  the  top  of  the 
wedge,  the  pedestal  legs  being  jarred  as  before.  At 
the  outset,  put  some  turpentine  or  naphtha  down 
between  the  stuck  surfaces.  Either  is  very  searching 
stuff;  if  neither  is  at  hand,  use  kerosene  from  the  air- 
pump  supply.  If  the  engine  has  two  shoes  and  a 
wedge,  it  will  be  more  difficult  to  get  at  the  latter 
from  the  top,  as  the  shoe  will  be  in  the  way,  reaching, 
as  it  does,  to  the  top  of  the  pedestal  jaw,  and  the 
wedge  being  pretty  thin  at  the  top.  You  can  work 
directly  on  its  top,  however,  with  a  bar  bent  a  little 
at  the  end  and  narrow  enough  to  go  down  between 
the  shoe  and  pedestal.  If  you  find  you  can't  move 
things,  give  the  surfaces  a  good  dosing  with  kerosene, 
as  just  mentioned,  and  then  run  the  wheel  up  over  a 
piece  of  iron  or  hard  wood  from  1  inch  to  2  inches 
thick ;  the  sudden  drop  of  the  frames  as  the  engine 
passes  over  this  will  in  most  cases  separate  the  parts. 
(c)  If  the  engine  has  been  out  of  the  shopw  for  a  very 
long  time,  there  will  be  a  lot  of  play  everywhere— 
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reach-rod,  link-hanger,  and  saddle  i>in8,  to  lay 
nothing  of  the  reverse-lever  catch  and  sector  teeth 
(when  not  tapered),  albeit  small  In  amount  All 
this  throws  the  engine  more  Into  ftill  gear,  so  that 
when  in  the  third  notch  from  the  center  in  the  back 
gear,  she  is  nearer  mid  gear  than  appears  to  be  the 
case.  If,  in  addition,  she  has  been  set  about  an  eighth 
blind  in  ftill  gear,  the  mid-gear  port  opening  will 
be  so  small  that  although  the  steam  is  working 
adversely  to  the  engine  (albeit  reduced  in  degree, 
as  shown  above),  the  amount  may  be  such  as  not 
to  appear  to  check  the  engine's  speed  much.  But 
the  fact  is  still  there  that  the  engine  i$  taking 
steam  against  herself  and  will  eventually  check  up. 
(/)  From  what  we  infer  as  to  the  pitch  of  notches, 
when  you  pull  her  up  two  notches,  that  Is,  into  the 
third  notch  from  the  comer,  she  mtIII  be  cutting  oif 
at  about  15  inches,  If  a  24-inch  stroke.  In  this  posi- 
tion, if  the  main  rod  is  7  feet  long,  one  of  the 
cranks  will  be  about  10|<'  past  the  quarter.  8o  if  she 
has  stopped  in  this  position,  the  above-mentioned 
crank  will  get  no  steam  when  the  throttle  is  opened, 
and  the  other  crank  being  only  lOi*'  off  dead  cen- 
ter, is  in  an  unfavorable  position  to  make  much 
use  of  its  steam,  the  main  rod  being  too  much  in  line 
with  piston  rod.  If  one  crank  is  on  the  quarter,  it 
will  be  in  a  pretty  favorable  position  for  turning  the 
wheel,  but  the  port  opening  is  nearly  closed.  The 
other  crank,  being  on  the  center,  does  not  count  at 
all.  Then,  again,  one  of  the  cranks  may  have 
stopped  such  an  amount  past  the  dead  center  as  to  be 
at  right  angles  to  its  main  rod,  and  therefore  In  a 
most  favorable  position  for  turning;  in  our  case,  the 
angle  will  be  Slf'or  8|^  from  the  quarter ;  here  there 
will  be  more  port  opening,  but  the  other  crank 
will  be  doing  nothing— in  fact,  compression  would 
be  against  her,  If  running.  It  all  depends,  in  short, 
on  the  position  the  engine  has  stopped  in.  There 
will  only  be  about  three-fifths  of  the  port  open,  any- 
way, notched  up  as  she  Is;  this,  however,  would 
suffice  if  the  crank  had  stopped  in  a  suitable  position 
and  there  were  very  little  weight  behind  the  tender. 
If  the  engine  were  much  worn,  that  would  be  in 
favor  of  her  starting  in  the  third  notch,  as  the  link 
would  be  nearer  tall  gear  than  the  lever  indicated. 
(g)  First,  to  find  the  capacity  of  the  pit  in  cubic  feet, 
multiply  the  three  dimensions  together.  Thus,  8^ 
X  4|  X  i^  "  121.1,  say  121,  cubic  feet.  Now,  to  find 
the  weight  of  coal  the  pit  will  contain,  it  is  very  evi- 
dent one  must  know  the  size  of  the  coal,  as  you  can 
get  more  weight  of  lump  coal  in  than  you  can  of 
buckwheat,  owing  to  its  lying  more  "solid"— not  so 
much  air  space.  (And  there  are  many  intermediate 
sizes.)  Then,  again,  the  coal  may  be  either  anthra- 
cite or  bituminous;  the  former  is  fh>m  10  to  15  per 
cent,  heavier  than  the  latter.  To  find  how  many  tons 
(of  2,240  pounds)  there  can  be  stowed  in  the  above 
bin,  bunker,  pit,  or  whatever  it  is,  divide  121  by  one 
of  the  following  numbers,  according  to  the  kind  and 
size  of  coal : 

Anthracite— Buc)cvfhea.t,  44 ;  egg,  43 ;  lump,  39. 

Bituminou9—Sm&ll,  50 ;  large,  45. 
For  example,  if  you  are  using  lump  anthracite,  the 
pit  will  hold  W  =  3^^,  tons,  about.  If  small  bitumi- 
nous, W^  =  2|  tons,  about.  Judging  firom  the  local- 
ity whence  you  write,  you  evidently  use  only  bitumi- 
nous coal;  the  Information,  however,  regarding 
anthracite,  may  be  found  of  interest. 

(125)  Referring  to  your  answer  to  question  No.  89 
in  the  April  issue  of  The  Mechanic  Arts  Magazine, 
I  wish  to  say  that  a  locomotive  (assumed  to  be  in  a 
position  to  move  forward)  can  start  the  greatest  load 
when  the  crank  is  at  the  lowest  position.  There  are 
two  excellent  reasons  for  this :  firtt^  the  side  of  the 


nlston  head  lubjeeted  to  steam  prevnre  Is  not  reduced 
in  effective  area  by  the  presence  of  a  piston  rod  in 
the  active  end  of  the  cylinder ;  second,  the  useftil  force 
tending  to  produce  tractive  eflbrt  at  the  rail  Is  the 
horizontal  component  of  the  push  or  pull  in  the  oon- 
nectlng-rod ;  the  vertical  component  has  the  same 
character  and  value  in  both  positions  of  the  crank, 
and  produces  no  other  effect  than  to  lessen  the  weljglit 
on  the  main  driver  axles  by  transferring  some  of  the 
weight  of  the  boiler  and  frame  fh>m  the  axle  on  to 
the  crankpln.  Now,  it  is  easy  to  show  that  the  great- 
est pressure  between  the  axle  ioumal  and  brass  is 
Induced  when  the  crank  is  at  its  nighest  position,  and 
therefore  there  is  then  the  greatest  fHctlonal  resist- 
ance to  be  overcome  by  the  connecting>rod,  and 
therefore  so  much  less  tractive  force ;  similarly,  there 
is  the  least  fHctlonal  resistance  when  the  crank  is  at 
its  lowest  position,  and  consequently  there  is  then  the 

Keatest  net  tractive  force.    I  have  spoken  to  a  num- 
ir  of  locomotive  engineers  about  this  matter,  and 
they  all  agree  with  me. 

T.  H.  R.,  North  Adams,  Mass. 

Ams.— While  we  acknowled^  to  some  extent  the 
Justness  of  your  criticism,  it  appears  to  us  that  the 
answer  given  fits  the  question  asked  exactly.  Evi- 
dently the  questioner  had  an  idea  that  thedifltoence 


Fig.  1. 

in  the  height  of  the  crankpln  fYom  the  rail  In  some 
way  Influences  the  tractive  force,  and  the  answer 
shows  the  well-known  fact  that,  neglecting  internal 
fHctlon,  etc.,  the  tractive  force  is  the  same  whether 
the  crank  is  above  or  below.  While  it  did  not  ocoor 
to  us  to  take  account  of  the  points  you  mention,  we 
should  not  in  any  cajse  have  deemed  It  expedient  to 
Include  a  refined  discussion  of  these  points  in  the 
answer.  As  to  your  contentions,  we  think  you  have 
altogether  overestimated  the  importance  of  the  two 
points  you  mention.  We,  of  course,  grant  that  the 
decreased  area  due  to  the  piston  rod  lessens  the  pull 
when  the  crankpln  is  above  the  axle  (although  this 
criticism  falls  in  the  case  of  engines  having  a  tallrod, 
1.  e.,  extension  of  piston  rod  through  fh>nt  head). 
Let  us,  however,  go  a  little  more  deeply  into  the 
question  of  fdctlon.  In  Fig.  1,  with  the  crankpln  in 
its  lowest  position,  it  is  evident  that 


or, 


P=  T-hH, 


where  H  is  the  horlzonal  pressure  between  Journal 
and  frame ;  7  is  the  tractive  force ;  and  P  is  the  hori- 
zontal component  of  the  oonnecting-rod  thrust,  and 
is  equal,  of  course,  to  the  total  pressure  on  the  platon. 
When  the  pin  is  above  the  center,  we  have  the  con- 
dition shown  in  Fig. 2.  Here, H  =  P-^T.  In  both 
cases,  taking  moments  about  the  center  of  the 
journal, 

—       r 


P. 


Hence, 


H  =  P(  1  —  ^  J  when  pin  is  below. 
H  =  p(  1  +  ^  When  pin  is  above. 

For  a  fair  value  of  ^,  we  may  take  .4 ;  then,  for  pin 

below,  fl"  =  .6  P,  and  for  pin  above,  H  =  1.4  !>.  We 
must,  however,  take  into  account  the  crank  on  tbe 
other  side.  In  either  case  the  opposite  crank  is  on  a 
center,  and  H  =  P.    Now,  let  W  =-  the  total  load  on 
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one  journal-box.  ComblniDg  the  vertical  force  W 
with  the  horisontal  forces  P,  .6  P,  and  1.4  P,  we  have 
as  the  thr^  resultants  : 

Fi  =.  /  if^q:"px; 
Pg  =  i/Tr«  +  (i.4P)«. 

Suppose  the  cranks  are  as  shown  in  Fig.  3 ;  then  the 
force  on  one  Journal  Is  Pi,  and  that  on  the  other  is  Pt. 


Fig.  2. 

When  the  cranks  are  as  shown  in  Fig.  4,  the  force  on 
the  one  Journal  is  Pi,  and  that  on  the  other  is  Ft. 
The  force  W  Is  always  considerable,  compared  with 
the  force  P,  »o  that,  in  practice,  Pi,  F,,  and  Ft  are  not 
▼ery  dilTerent  Besides  the  inequality  of  the  forces 
on  the  two  sides  of  the  locomotive,  the  fact  that  tre- 
qoently  these  forces  are  acting  in  opposite  directions, 
as  in  Figs.  1  and  2,  throws  great  doubt  on  the  influ- 
ence of  this  excess  of  Ft  over  Pj  on  the  tractive  force. 
If  we  wish  to  carry  the  refinement  still  ftirther,  we 
might  take  into  account  the  rotating  parts,  etc.  On 
the  whole,  we  are  inclined  to  think  that  the  fHction 
due  to  the  excess  of  pressure  on  the  journals  will 
exert  very  little  influence  on  the  load  that  the  engine 
can  start.    With  a  piston  rod  extending  through  the 


', 


Pio.  3. 


J^i 


^s 


Fio.  4. 


front  end,  we  would  as  soon  take  chances  with  the 
crankpin  above.  We  may  add  that,  so  far  as  our 
personal  experience  among  runners  goes,  we  have 
always  found  the  opinion  general  that  a  better  start 
can  be  made  from  the  top  than  from  the  bottom 
quarter. 

*  * 

(126)  What  is  the  greatest  height  above  the  surface 
of  the  water  supply  over  which  a  dphon  will  draw 
water?  H.  M.  B.,  San  Irancisco,  Cal. 

Am.— At  sea  level,  the  greatest  theoretical  height 
is  84  feet— the  height  of  a  column  of  water  that  will 
be  supported  bv  the  pressure  of  the  atmosphere.  At 
greater  elevations,  the  atmospheric  pressure,  and, 
consequently,  the  theoretical  height  to  which  water 
can  be  raised,  is  lees.  Practically,  it  is  generally  dif- 
ficult to  operate  a  siphon  over  an  elevation  of  more 
than  fh>m  20  to  24  feet,  depending  on  the  elevation 
above  sea  level  and  the  size  and  length  of  the  pipe. 

♦ 

(127)  (a)  When  a  student  of  The  International  Cor- 
respcmdence  Schools,  Scran  ton.  Pa.,  has  completed 
the  Complete  Course  of  Architecture,  he  is  presented 
with  a  <uploma  or  certificate  of  proficiency.  Is  this 
as  ffood  as  a  license  from  a  board  of  examiners  of 
architects?  (6)  Is  there  a  law  in  the  state  of  Penn- 
sylvania prohibiting  an  architect  frt>m  practicing  his 
pfofeaiion  unless  he  has  a  license  or  certificate  from 
some  technical  institute  ?         I.  S. ,  Osnaburg,  Ohio. 

AHB. — (a)  The  certificate  or  diploma  from  The 
International  Correspondence  Schools  means  that 
the  student  has  passed  with  credit  through  a  pre- 
scribed course  of  study.  It  represents  work  done, 
and  ia  as  much  a  credit  to  the  holder  as  a  certificate 
from  a  board  of  examiners.    (&)  There  is  no  law  in 


Pennsylvania  requiring  a  iMuctidng  architect  to 
have  a  license  or  diploma.  Illinois  is  the  only  state 
having  such  a  law. 

*  * 

(128)  (a)  On  a  low-pressure  hot-water  heating 
system,  to  which  pipe  should  the  expansion  pipe  be 
connected,  and  why?  (6)  Referring  to  the  enclosed 
sketch,  a  is  a  relief  pipe  taken  from  an  overhead  sys- 
tem of  heating ;  are  the  connections  shown  correct? 

(c)  In  the  same  sketch,  Ms  a  pipe  that  feeds  three 
radiators  below  it  and  one  on  the  fioor  above.  In 
connection  with  these  radiators,  is  the  method  shown 
of  running  the  pipes  to  the  expansion  tank  the  best? 

(d)  If,  instead  or  pipe  c,  as  shown,  connecting  the 
expansion  tank  to  the  return  pipe,  tne  oonnection  to 
the  latter  were  made  frt>m  below,  by  means  of  an 
elbow  so  as  to  form  a  sort  of  trap,  would  better  results 
be  obtained  in  any  way,  and  would  there  be  less 
tendency  for  the  water  to  boil  up  in  the  expansion 
tank?  {€)  When  making  screwed  joints  in  hot-water 
or  steam  pipes,  I  have  always  used  a  mixture  of  red 
lead,  linseed  oil,  and  salt ;  it  has  given  fairlv  sood 
results,  but  if  you  know  of  anything  better,  I  shall  be 
glad  to  have  it.  F.  W.  R.,  New  London,  Ohio. 

Ans.— (a)  The  expansion  tank  should  be  connected 
to  the  top  of  the  flow  main  as  you  show  it.  This  will 
allow  steam  to  eribape  into  the  tank,  and  thence  to  the 
atmosphere,  if  the  boiler  should  generate  steam,  (b) 
The  connections  shown  are  correct,  provided  that 
the  steam  or  air  cannot  blow  out  of  the  mouth  of  the 
ftinnel  shown  on  the  top  of  the  relief  pipe.  A  stop- 
cock should  be  placed  on  this  pipe  between  the  T 
which  enters  the 
side  of  the  expan- 
sion tank  and  the 
ftinnel.  It  is  not 
necessary  to  place 
a  vent-cock  at  the 
point  where  the 
relief  pipe  connects 
to  the  flow  main; 
in  fact,  this  cock 
should  be  taken 
out.  It  is  best  to 
have  an  open  com- 
munication be- 
tween the  flow 
main  and  the  ex- 
pansion tank,  (c) 
The  method  of  run- 
ning the  expansion 
pipes  as  shown  in 
the  figure  will  not 
afRBCt  the  heating 
of  the  radiators  you 
mention.  The 
arrangement  is  as 
good  as  any  other 
arrangement,  (d) 
No.  A  trap  on  the 
pipe  c  will  not  ben- 
efit the  arrangement.  If  the  pipe  a  is  quite  large, 
say  1  inch  or  1^  inches  in  diameter,  it  will  prevent 
hot  water  from  backing  up  in  the  expansion  tank,  by 
allowing  steam  to  escape  into  the  expansion  tank,  so 
that  the  boiler  will  remain  charged  with  water,  even 
when  boiling  fbriously.  (e)  A  mixture  of  good  red 
lead  and  boiled  linseed  oil  is  about  as  good  a  cement 
as  can  be  used  on  hot-water  piping. 

* 

*  * 

(129)  Will  you  kindly  rive  a  rule  for  adjusting  the 
long-bubble  tube  beneatn  an  engineer's  transit,  so 
that,  when  level,  it  will  be  parallel  with  the  line  of 
sight?  The  transit  is  to  be  used  for  leveling  pur- 
poses. J.  H.  L.,  Lyonsville,  Cal. 

Ans.— Choosing  a  reasonably  level  piece  of  ground, 
drive  two  pegs  A  and  B  several  hundred  feet  apart, 
and  set  up  the  instrument  midway  between  them. 
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With  the  level  on  the  telescope  truly  horizontal,  read 
the  rod  held  upon  each  peg.  The  dliference  of  the 
readings  will  be  the  true  difference  of  the  elevations 
of  the  pegs,  no  matter  how  much  the  instrument 
may  be  out  of  adjustment  Then  set  the  instrument 
over  the  peg  A,  and  measure  the  height  of  the  cross- 
wires  above  this  peg.  With  the  target  set  at  this 
height,  plus  or  minus  the  difference  in  the  elevations 
of  the  pegs,  according  as  the  peg  A  is  above  or  below 
the  peg  B,  hold  the  rod  on  the  peg  B  and  direct  the 
telescope  so  as  to  bring  the  cross-wires  exactly  upon 
the  color  lines  of  the  target.  In  this  position  adjust 
the  level  tube  so  as  to  read  truly  horisontal.  The 
operation  is  somewhat  simplified  by  driving  the  pegs 
to  exactly  the  same  elevation.  Also,  instead  of  set- 
ting the  instrument  over  one  peg,  it  is  generally 
more  convenient  to  set  it  as  near  as  it  is  practicable 
to  read  the  rod  held  upon  it,  and  use  this  reading'  of 
the  rod  for  the  height  of  the  cross-wirea  above  the 
peg.  In  order  to  Insure  accuracy,  the  entire  opera- 
tion should  be  repeated. 

* 

(130)  I  am  about  to  build  an  extension  to  my 
house,  consisting  of  a  kitchen  12  ft.  x  14  ft.,  facing 
north,  and  I  would  like  it  as  near  fh>Bt-proof  as 
possible,  since  the  range  and  tank  will  be  connected 
to  the  city  water.  I  have  thought  of  putting  an  inch 
or  so  of  mineral  wool  at  center  of  studding  (which 
is  2  in.  X  4  in.  before  plastering),  leaving  an  air  space 
on  each  side  of  the  wool.  The  space  above  the 
rafters  I  intend  to  use  for  light  storage.  Would  tar 
paper  held  up  under  the  roof  with  strips  be  sufficient 
protection  ?  under  the  floor  I  thought  of  using  tar 
paper  with  ship  lap.  Kindly  advise  me  as  to  the 
D^t  method  of  protection,    v.  M.  L ,  Omaha,  Neb. 

Ans.— Tar  paper  and  mineral  wool,  used  as  you 
suggest,  would  have  a  good  efTect  in  preventing  the 
heat  from  escaping  through  the  walls  and  roof.  The 
great  loss  of  heat,  however,  in  an  exposed  position, 
such  as  your  extension  will  occupy,  will  occur 
through  and  around  the  doors  and  windows,  unless 
great  care  is  taken  to  make  them  tight.  The  best 
plan  for  avoiding  loss  through  the  door  is  to  build  a 
small^vestibule  outside,  thus  having  a  double  door 
and  a  dead-air  space  between.  For  the  windows  use 
heavy  felt  weather  strips.  Finally,  be  sure  to  arrange 
your  boiler  and  range  on  the  side  of  the  extension 
next  to  the  main  house,  thus  taking  advantage  of 
heat  radiating  through  this  wall. 

*  * 

(131)  I  want  a  good  book  on  topographv,  one  that 
treats  specially  on  calculation  ;  kindly  give  me  the 
names  of  several  works  that  you  would  recommend, 
mentioning  the  names  of  the  authors,  and  the  prices. 

O.  B.,  Mexico. 
Ans.— "The  Topographer,  His  Instruments  and 
Methods,"  by  Haupt,  has  numerous  maps,  plates, 
and  engravings ;  price,  $3.(X).  "  Topographical  Draw- 
ing and  Sketching."  by  Reed,  includes  the  applica- 
tion of  photography,  and  contains  24  large  plates ; 
price,  $5.00.  These  books  can  be  obtained  of  The 
Technical  Supply  Co.,  Scranton,  Pa. 

* 
»  ♦ 

(132)  In  the  appendix  to  Hopkins'  "  Experimental 
Science,"  there  is  an  illustration  and  explanation 
of  an  Edison  phonograph  motor.  Kindly  give  the 
dimensions  of  this  motor  and  the  size  of  wire  to  be 
used ;  alK>,  explain  how  to  wind  the  armature  for 
two  brushes.  Can  this  motor  be  made  to  run  on  4 
watts?  E.  A.  A.,  Granite  Falls,  Minn. 

Ans.— We  refer  you  to  the  publishers  of  the  book 
named,  Munn  &  Co.,  New  York,  N.  Y. 

* 

♦  ♦ 

(133)  (a)  Kindly  give  a  recipe  for  blue  ink  for 
branding  on  wood.  (6)  Give  the  names,  prices,  etc. 
of  any  books  that  you  can  recommend  on  the 
designing  of  steel  structures.    I  particularly  want 


information  on  how  to  design  and  build  a  steel 
structure  to  carry  a  water  tank,  20  feet  in  diameter 
and  20  feet  deep,  to  be  60  feet  above  ground.  If  you 
can  also  tell  me  where  I  can  obtain  plans  and  speci- 
flcations  for  this,  and  what  the  same  are  likely  to 
cost  me.  I  shall  be  much  obliged.       York,  Ontario. 

Ans.  — (a)  Boil  borax  and  shellac  in  water  till 
they  are  dissolved,  and  withdraw  from  the  fire. 

When  the  solution  has  be- 

Shellac   2oz.     come  cold,  add  rest  of  25 

Borax 2os.  ounces  of  water  and  ultra- 
Water  25  OS.     marine  enough  to  give  the 

Oum  arable  2  ox.  mixture  suitable  consist- 
Ultramarine.       —  ency.     (6)    "Theory   and 

Practice  of  Modem  Framed 
Structures,"  by  I»rof.  J.  B.  Johnson  and  others, 
devotes  a  chapter  to  stand  pipes  and  elevated  tanks. 
This  is  probably  the  best  book  published  on  the 
designing  of  steel  structures ;  price,  $10.00.  Consid- 
erable information  can  doubtless  be  obtained,  also. 
fh>m  a  book  entitled  "Stand-Pipe  Accidents  and 
Failures,"  by  Prof.  Wm.  Pence ;  price,  $1.00.  Both 
books  are  for  sale  by  The  Technical  Supply  Co.. 
Scranton,  Pa.  We  know  of  no  published  specifica- 
tions for  elevated  tanks ;  but  general  plans  and  con- 
siderable other  information  can  doubtless  be  obtained 
by  addressing  any  of  the  construction  companies 
making  a  specialty  of  this  work.  The  Chicago 
Bridge  and  Iron  Company,  Washington  Heights, 
Chicago,  ni.,  have  given  considerable  attention  to 
this  class  of  construction. 

« 
*  * 

(134)  Kindly  explain  how  piston  packing  ringft  are 
made.  S.  H.  D.,  Franconia,  N.  H. 

AN8.--Y0U  will  find  the  information  you  require  In 

HoMS  Study  for  Machikistb,  Steam  Engineers.  Etc., 

August  and  July  numberp,  1897,  in  an  article  in  two 

parts,  entitled  "  Locomotive  Piston  Rings." 

* 
*  * 

(135)  (a)  What  is  the  best  treatise  on  the  maDti- 
facture  or  brick?  (6)  I  also  want  a  good  book  on  the 
construction  of  roadJs ;  can  you  tell  me  of  one? 

L.  L.  G.,  Greenville,  Miss. 

Ans.— (a)  "  A  Rudimentary  Treatise  on  the  Mana- 

facture  of  Bricks  and  Tiles,"  by  £.  Dobeon,  is  said  to 

be  a  good  work  on  this  subject;   price,  $1.00.    (5) 

"  Highway  Construction,"  by  Austin  T.  Bjrme ;  price, 

$5.00.    Both  books  are  for  sale  by  The  Technical 

Supply  0>.,  Scranton,  Pa. 

* 
»  « 

(186)  (a)  In  what  book  or  periodical  can  I  obtain 
information  as  to  the  number  of  British  thermal  units 
(B.  T.  U.)  of  heat  developed  during  the  chemical 
union  of  various  elements,  together  with  a  ftUl 
description  of  the  method  of  determination  ?  For 
instance,  the  chemical  combination  of  two  of  hydro- 

gen  with  one  of  oxygen  to  form  water ;  of  one  of  car- 
on  with  two  of  oxygen  to  form  carbon  dioxide ;  o< 
one  of  carbon  with  four  of  hydrogen  to  form  mairah 
gas ;  and  so  on.  (6)  What  is  the  method  of  deter- 
mining the  number  of  B.  T.  U.  contained  in  any- 
given  quantity  of  fuel,  such  as  a  pound  of  coal,  a 
gallon  of  oil,  a  cubic  foot  of  coal  gas,  etc.?  (c)  Where 
can  I  obtain  information  regarding  the  Parsons  and 
De  Laval  steam  turbine?    D.  C.  W.,  Johnstown,  Pa, 

Ans.— (a  and  6)  "  Physico-Chemical  Methods,"  by 
Dr.  J.  Traube,  translated  by  W.  L.  Hardin,  $1.50 ; 
"  The  Calorific  Power  of  Fuels,"  by  Herman  Poole. 
These  books  can  be  obtained  of  The  Technical  Supply 
Co..  Scranton,  Pa.  (c)  Articles  have  appeared  trcfsn 
time  to  time  in  technical  Journals,  particularly  in 
"  London  Engineering."  Probably  the  informatiun 
can  be  obtained  most  directly  from  the  manufac- 
turers. Address  C.  A.  Parsons  <&  O).,  Newcaatle-on- 
Tyne,  Eng.  The  De  Laval  steam  turbine  is  manu- 
factured in  Stockholm,  Sweden;  the  exact 
of  the  company  we  do  not  know. 


AMBITION'S  RIGHTFUL  CALL. 


LECKY,  in  his  "History  of  European 
Morals/*  lays  down  the  principle  that 
''the  most  efifectual  meUiod  that  has 
been  devised  for  diverting  men  from  vice  is 
to  give  free  scope  to  a  higher  ambition.'' 
This  statement  we  find  supplemented  and 
emphasized  by  Henry  Ward  Beecher  in  his 
lectures  to  young  men,  to  whom  he  says : 
"We  must  endeavor  to  inspire  every  calling 
in  life  with  an  honest  ambition  for  intelli- 
gence.'* 

The  modem  system  of  technical  educa- 
tion,  besides  being  of  incalculable  value  to 
the  workingman,  renders  inestimable  aid  to 
men  not  only  in  the  engineering,  but  also  in 
the  ranks  of  the  liberal  professions  as  well : 
to  the  lawyer,  the  physician,  the  clergyman, 
the  editor,  and.  the  litterateur.  The  success- 
ful man  has  one  distinctive  and  noble 
characteristic :  he  is,  in  season  and  out  of 
season,  industrious.  No  man  that  expects 
success  can  afford  to  become  an  idler  after 
he  obtains  his  education.  That  time  should 
mark  the  real  beginning  of  a  life  of  arduous 
study.  The  more  a  man  advances  in  profes- 
sional work,  the  more  he  finds  he  needs  to 
know.  In  the  very  outset  of  the  race  of  life, 
he  will  be  distanced  if  he  does  not  devote 
himself  to  earnest  and  systematic  study. 
How  many  young  men  b^in  careers  with 
highest  promise,  as  journalists,  jurists,  physi- 
cians, civil  engineers,  surveyors,  and  the 
Uke,  and  yet,  after  a  few  years,  drop  into 
comparative  oblivion.  Examine  their  lives 
closely,  and  you  will  find  that,  at  a  certain 
period,  they  thought  themselves  independent 
of  study's  aid,  and  at  once  began  to  fall 
behind  in  the  race.  Instead  of  their  taking 
heart  and  resuming  courage,  they  lost  reso- 
lution and  fell  by  the  wayside. 

We  must  either  advance  or  recede.  There 
is  no  such  thing  as  standstill  in  the  road  of 
success.  If  young  men,  just  across  the 
threshold  of  tiieir  professional  careers,  em- 
I^yed  spare  moments  in  self-Improvement, 
&ilure  would  be  in  their  lives  an  unknowi^ 
quantity.  The  value  of  any  possession  is  to 
be  chiefly  estimated  by  the  relief  that  it 


can  bring  us  in  the  time  of  our  greatest  need. 
In  this  respect,  no  possession  can  equal  the 
habit  of  study,  which,  apart  from  the  knowl- 
edge it  assures  us,  secures  discipline  of  mind 
and  passion,  evenness  of  temper  and  confi- 
dence in  self— of  truly  inestimable  value  in 
the  dark  days  that  beset  every  human  life. 
This  habit  must,  to  be  either  vigorous  or  use- 
ful, like  virtue  itself,  of  which  it  is  an  emana- 
tion and  a  manifestation,  show  itself  r^ularly 
and  constantly  active,  not  breaking  forth 
occasionally  with  a  transient  luster,  like  the 
blaze  of  a  comet,  but  regular  in  its  returns, 
like  the  light  of  day ;  not  like  the  scented 
gale  which  sometimes  feasts  the  sense,  but 
like  the  ordinary  breeze  which  purifies  the 
air  and  renders  it  healthful. 

When  we  reflect  on  the  established  truth 
that  the  happiness  of  every  man  depends 
more  on  the  state  of  his  own  mind  than  on 
any  one  external  circumstance,  nay,  more 
than  on  all  external  things  put  together,  we 
may  have  just  conception  of  the  value  of  the 
habit  of  study.  How  many  young  persons  at 
first  set  out  in  the  world  with  excellent  dis- 
positions of  heart,  generous,  charitable,  and 
humane ;  kind  to  their  friends,  and  amiable 
among  all  with  whom  they  associate;  and 
yet,  how  often  do  we  not  see  all  these  fair 
appearances  unhappily  blasted  in  the  prog- 
ress of  life,  through  the  influence  of  idleness, 
which  leaves  an  open  door  in  the  youth- 
ful heart  to  loose  and  corrupting  pleasure ; 
and  these  very  persons,  once  a  promise  of 
blessing  to  the  world,  sink  down,  still  in 
early  life,  to  be  the  burden  and  nuisance  of 
society.  Happy  is  that  young  man  who 
spends  his  time  in  making  himself  wise; 
who,  as  the  will  and  understanding  are  the 
two  ennobling  faculties  of  the  soul,  thinks 
himself  not  complete  till  his  understanding  is 
equipped  with  the  valuable  furniture  of 
knowledge,  and  his  will  strengthened  by 
studious  industry ;  who,  when  ambitious, 
is  not  to  be  admired  for  a  false  glare  of 
science,  but  lives  for  the  gentle  and  sober 
luster  of  unfailing  wisdom  and  exact  knowl- 
edge. 
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THE  STORY  OF  PROFESSOR  BARNARD, 


THE  STORY  OF  PROF*  BARNARD, 


THE  story  of  the  career  of  Prof.  Edward 
Emerson  Barnard,  the  astronomer,  is 
that  of  a  poor  boy,  who  acquired  an 
interest  in  sach  work  by  reading  a  book 
which  happened  into  his  hands,  and  which 
resulted  in  the  keen  search  for  more  infor- 
mation. Today  he  stands  in  the  front  rank 
of  his  profession. 

Professor  Barnard  was  bom  in  Nashville, 
Tenn.,  on  December  16, 1857,  and  his  educa- 
tion was  limited  to  two  months'  attendance 
at  the  common  school  besides  such  instruc- 
tion as  his  mother  could  give  him.  Fatherless 
and  destitute  at  the  close  of  the  war,  he  went 
to  work  in  a  photographic  studio,  continuing 
at  that  occupation  until  1883.  During  that 
time  he  had  mastered  every  department  of 
the  photographic  art.  Throughout  his  career 
his  was  a  single-minded  struggle  for  exist- 
ence, as  he  was  handicapped  by  poverty  from 
the  first,  and  compelled  to  fight  the  battle  of 
life  alone. 

Early  in  life  he  became  interested  in  optical 
matters,  which  interest  was  increased  by  the 
use  of  the  lenses  in  the  gallery  where  he 
worked.  In  1876  he  came  into  possession  of 
a  copy  of  Dr.  Thomas'  book  on  "Practical 
Astronomy,''  and  it  awakened  a  thirst  for 
astronomical  knowledge,  which  has  never 
since  ceased  to  be  his  controUing  motive. 
This  work,  long  since  left  behind  in  the  great 
advance  of  science,  was  like  a  revelation.  It 
told  stories  of  the  stars  and  the  planets,  and 
the  wonder  revealed  by  the  telescope.  Now, 
for  the  first  time,  he  had  some  idea  of  the  uses 
of  astronomical  instruments.  He  had  never 
seen  either  a  telescope  or  an  observatory.  All 
he  knew  of  the  literature  of  the  subject  was 
found  in  this  old  book.  From  the  maps  of 
the  constellations  and  other  engravings,  he 
speedily  learned  to  identify  the  objects  in  the 
sky  about  which  he  had  been  reading,  and 
the  descriptions  of  celestial  wonders  had  now 
a  new  interest  Then  came  the  desire  to  pos- 
sess some  kind  of  a  telescope,  and  finally  he 
obtained  the  object  lens  of  a  common  spy 
glass,  and  mounted  it  in  a  paper  tube  made 
by  himself. 

In  August  of  that  year  he  met,  in  Nashville, 
Professor  Simon  Newcomb,  the  distinguished 
Washington  astronomer,  and  received  from 
him  advice  and  kindly  suggestion  in  regard 
to  the  future ;  and  this  encour^ement  was 
of  much  value  in  his  efforts  to  accomplish 
something  with  the  new  instrument  In  1883 
he  left  the  photographic  business,  having 
received  a  fellowship  in  astronomy  at  the 


Vanderbilt  University.  He  was  promptly 
placed  in  charge  of  the  observatory  attached 
to  that  institution,  and  continued  his 
researches  with  the  6-inch  equatorial  tele- 
scope. This  instrument  was  superior  in 
power  to  that  previously  used,  and  having 
a  fixed  equatorial  mounting,  with  driving 
clock  and  micrometer,  was  much  better 
adapted  to  the  work  of  determining  the 
absolute  positions  of  unknown  objects. 

In  1888  he  was  offered  a  position  in  the 
Lick  Observatory,  then  about  to  be  opened 
with  the  largest  equatorial  and  the  best 
equipment  of  astronomical  instruments  in 
the  world.  The  temptation  of  superior  facili- 
ties for  astronomical  work  and  discovery, 
and  the  opportunity  to  devote  his  whole 
time  and  strength  under  these  circumstances 
to  the  work  of  his  life,  left  no  hesitation  in 
regard  to  his  future  course,  and,  much  to  the 
regret  of  the  University  and  the  citizens  of 
Nashville  generally,  he  left  for  Mt  Hamilton. 
There  he  began  with  increased  enthusiafim  a 
series  of  brilliant  observations  and  discov- 
eries, which  are  familiar  to  the  astronomical 
world,  and  to  the  readers  of  scientific  litera- 
ture. 

His  long  experience  in  all  departments  of 
photographic  art  was  turned  to  practical 
account  at  the  Lick  Observatory  in  the  direc- 
tion of  celestial  photography.  He  was  the 
first  to  photograph  the  Milky  Way,  and  show 
the  wonderful  forms  of  its  structure.  The 
work  attracted  widespread  attention,  and 
down  to  the  present  time  has  not  been 
equaled  by  any  one. 

Among  his  great  achievements  were  the 
discoveiy  of  the  fUth  moon  of  Jupiter,  and 
the  finding  of  a  new  comet,  by  means  of  pho- 
tography. The  services  of  Professor  Barnard 
in  the  line  of  astronomical  research  have 
been  recognized  by  scientific  sodetiee.  He 
has  been  a  Fellow  of  the  Boyal  Astronomical 
Society  of  London  since  1887,  and  is  also  a 
member  of  the  British  Astronomical  Aaso- 
dation,  the  American  Academy  of  Arts  and 
Sciences,  the  American  Association  for  the 
Advancement  of  Science,  and  many  other 
bodies.  His  work  has  lately  been  recognized 
by  the  French  Academy  of  Sciences  by  the 
award  of  the  Lalande  gold  medal.  In  1893 
the  degree  of  Doctor  of  Science  was  conferred 
on  him  with  the  Arago  gold  medal,  valued 
at  1,000  francs,  for  the  discovery  of  the  fifth 
satellite  of  Jupiter.  In  1897  he  received 
the  gold  medal  of  the  Boyal  Astrononucal 
Society  of  Great  Britain,  and  in  1898  was 
elected  Foreign  Associate  of  the  Boyal  Astro- 
nomical Society. 


EDUCATION  EQUALIZES  FORTUNES. 
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EDUCATION  EQUALIZES  FORTUNES. 

EDUCATION  levels  all  undue  distinctions 
and  removes  all  disparities  of  fortune. 
Many  of  the  crucial  social  problems  of 
today  would  be  quietly  and  forever  solved — 
solved  to  the  satis&ction  of  all,  and  this 
republic  thus  made  to  endure  forever,  for  the 
perpetuation  of  civilization  in  its  most  enno- 
bling form — ^if  education,  practical  education, 
were  acquired  by  all. 

**Give  away  all  you  can,'*  is  the  advice 
of  John  D.  Rockefeller,  who  has  bestowed 
millions  upon  the  educational  improvement 
of  his  fellow  citizens.  Give  it  away,  say  we, 
in  education.  Help  your  struggling  fellow 
dtizen  to  acquire  knowledge.  He  will  repay 
you,  and  the  community  at  large  bless  and 
honor  you. 

"  I  had  a  hard  struggle  to  get  a  foothold," 
said  Mr.  RockefeUer,  as  quoted  by  ''Suc- 
cess." ''As  a  boy  just  out  of  school,  I  found 
myself  looking  for  a  situation  early  in  life. 
I  walked  all  over  town  in  an  attempt  to  find 
something  to  do.  I  visited  every  railroad 
office,  every  store,  and,  in  fact,  every  place 
in  the  city  where  I  thought  I  could  find 
employment.  Everywhere  I  met  with  dis- 
couragement, until  I  found  one  man,  Grod 
bless  him,  who  took  me  into  his  office  and 
gave  me  work,  and  that  man  was  H.  B. 
Tuttle. 

"  That  was  the  beginning,  and  a  few  years 
later  I  started  a  little  business  of  my  own, 
with  a  partner.  In  a  short  time  came  a 
crisis  in  our  affiurs,  and  it  was  necessary  for 
our  young  firm,  which  was  beginning  to 
branch  out,  to  raise  more  money.  I  remem- 
bered my  friends  and  acquaintances,  and 
called  on  them,  one  after  another.  Many 
expressed  the  most  profound  interest  in  our 
firm,  but  that's  all." 

Mr.  Rockefeller  then  declared  that  at  this 
critical  moment  he  bethought  himself  to  try 
the  bankers,  and  finally  visited  the  office  of 
a  dear  friend,  Mr.  T.  P.  Handy.  Mr.  Handy, 
after  hearing  Mr.  Rockefeller's  statement, 
placed  at  his  disposal  the  sum  of  $2,000.  Mr. 
Rockefeller  left  the  bank  full  of  hope,  stand- 
ing up  straight  and  erect,  and  considered 
himself  oneof  the  business  men  of  Cleveland. 

Reading  from  a  small  yellow-covered  book 
which  was  his  ledger  in  boyhood,  Mr.  Rocke- 
feller found  the  following  item:  "Income 
from  December  26, 1855,  to  January  26, 1856, 
$50 ;  and  I  lived  within  my  income !  Out  of 
that  I  paid  my  wash- woman,  my  board,  and 
saved  a  little  and  put  it  away.  I  see  that  I 
paid  in  the  Sunday  School  one  cent,  which 


was  all  I  could  afford.  I  was  as  independent 
in  those  days  as  Mr.  Astor.  I  remember  the 
clothes  I  bought ;  not  fashionable,  but  cheap 
and  good. ' '  For  the  year  beginning  Novem- 
ber, 1855,  to  November  1856,  Mr.  Rocke- 
feller's clothing  cost  him  just  $9.00.  This 
man,  whose  clothes  cost  nine  dollars  a  year, 
has  given  $7,000,000  to  the  University  of 
Chicago,  and  his  other  charities  are  so 
munificent  that  he  employs  a  man  on  a  large 
salary  to  look  after  them. 

The  richest  man  in  the  world  is,  Mr. 
Rockefeller  might  have  added,  he  who  has 
useful  knowledge  sufficient  to  make  his  life 
purposeful,  honest,  and  happy. 


THE  CONQUEST  OF  KNOWLEDGE. 

THE  maxim  that  ''Labor  conquers  all 
things,"  holds  especiaUy  true  in  the  case 
of  the  conquest  of  knowledge.  The  road 
to  learning  is  alike  free  to  all  who  will  give 
the  labor  and  the  study  requisite  to  gather 
it ;  nor  are  there  any  difficulties  so  great  that 
the  student  of  resolute  purpose  may  not 
surmount  and  overcome  them.  It  was  one 
of  the  characteristic  expressions  of  Chatter- 
ton,  that  Grod  had  sent  his  creatures  into  the 
world  with  arms  long  enough  to  reach  any- 
thing if  they  chose  to  be  at  the  trouble.  In 
study  as  in  bueiness,  energy  is  the  great  thing. 
We  must  not  only  strike  the  iron  while  it  is 
hot,  but  strike  it  until  it  is  made  hot.  It 
is  astonishing  how  much  may  be  accom- 
plished in  self-culture  by  the  energetic  and 
the  preserving,  who  are  careful  to  avail  them- 
selves of  opportunities,  and  use  up  the  frag- 
ments of  spare  time,  which  the  idle  permit 
to  run  to  waste.  Thus  Ferguson  learned 
astronomy  from  the  heavens  while  wrapped 
in  a  sheepskin  on  the  highland  hills.  Stone 
learned  mathematics  while  working  as  a 
journeyman  gardener ;  Drew  studied  the 
highest  philosophy  in  the  intervals  of  cob- 
bling shoes ;  and  Miller  taught  himself 
geology  while  working  as  a  day  laborer  in 
a  quarry. 

CHARACTER  BUILDING* 


CHARACTER  building  is  the  great  work 
of  the  teacher.  If  men  are  not  trained 
to  be  honest,  persevering,  energetic,  and 
progressive,  to  be  well-balanced  in  their 
character,  all  their  knowledge  is  in  vain. 
This  country  is  looking  for  strong  men,  for 
leaders,  for  steadfast  men,  for  men  of  charac- 
ter, fitted  by  technical  education  for  leader- 
ship in  the  trades  and  professions. 
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MODERN  MECHANICAL  PRCXjRESS. 


IN  THE  useful  and  practical  arts,  many 
inventions  and  contrivances,  to  the  pro- 
duction of  which  the  degree  of  ancient 
knowledge  would  appear  to  us  to  have  been 
adequate,  and  which  seem  quite  obvious,  are 
yet  of  late  origin.  The  application  of  water, 
for  example,  to  turn  a  mill,  is  a  thing  not 
known  to  have  been  accomplished  at  all  in 
Greece,  and  it  is  not  supposed  to  have  been 
attempted  at  Rome  till  in  or  near  the  age  of 
Augustus.  The  production  of  the  same  effect 
by  wind  is  a  still  later  invention.  It  dates 
only  from  the  seventh  century  of  our  era. 
The  propulsion  of  the  saw  by  any  other 
power  than  that  of  the  arm  was  treated  as  a 
novelty  in  England  so  late  as  the  middle  of 
the  sixteenth  century.  The  Bishop  of  Ely, 
ambassador  from  the  Queen  of  England  to 
the  Pope,  says  he  saw,  ''at Lyons,  a  sawmill 
driven  with  an  upright  wheel,  and  the  water 
that  makes  it  go  is  gathered  into  a  narrow 
trough,  which  delivereth  the  same  water  to 
the  wheels.  This  wheel  hath  a  piece  of 
timber  put  to  the  axletree  end,  hke  the 
handle  of  a  broch  (a  hand-organ),  and  fas- 
tened to  the  end  of  the  saw,  that  it  con- 
tinually eateth  in,  and  the  handle  of  the 
same  is  kept  in  a  rigall  of  wood  from  sever- 
ing. Also  the  timber  lieth,  as  it  were,  upon 
a  ladder,  which  is  brought  by  little  and  little 
to  the  saw  by  another  vice.*'  From  this 
description  of  the  primitive  power  saw,  it 
would  seem  that  it  was  probably  fast  only  at 
one  end,  and  that  the  broch-handle  and  rigall 
performed  the  part  of  the  arm  in  the  common 
use  of  the  hand-saw. 

It  must  always  have  been  a  very  consider- 
able object  for  men  to  possess,  or  obtain,  the 
power  of  raising  water  otherwise  than  by 
mere  manual  labor.  Yet  nothing  like  the 
common  suction  pump  has  been  found 
among  rude  nations.  It  has  arrived  at  its 
present  state  only  by  slow  and  doubtful 
stepd  of  improvement ;  and,  indeed,  in  that 
present  state,  however  obvious  and  unat- 
tractive, it  is  still  something  of  an  abstruse 
and  refined  invention.  It  is  still  unknown  in 
parts  of  Asia,  Africa,  and  the  New  World, 
beyond  the  pale  of  European  settlements,  or 
the  reach  of  European  communication.  The 
Greeks  and  Romans  are  supposed  to  have 
been  ignorant  of  it,  in  the  early  times  of  their 
history  ;  and  it  is  usually  said  to  have  come 
from  Alexandria,  where  physical  science  was 
much  cultivated  by  the  Greek  school  under 
the  patronage  of  the  Ptolemies. 
These  few  and  scattered  historical  notices 


of  important  inventions  have  been  intro- 
duced only  for  the  purpose  of  suggesting 
that  there  is  much  which  is  both  curious 
and  instructive  in  the  history  of  mechanics ; 
and  that  many  things,  whidi  to  us  in  our 
state  of  knowledge  seem  so  obvious  that  we 
should  think  they  would  at  once  force  them- 
selves on  men's  adoption,  have,  nevertheless, 
been  accomplished  slowly  and  by  painful 
efforts. 

But  if  the  history  of  the  progress  of  the 
mechanical  arts  be  interesting,  still  more  so, 
doubtless,  would  be  the  exhibition  of  their 
present  state,  and  a  full  display  of  the  extent 
to  which  they  are  now  carried.  The  slightest 
glance  must  convince  us  that  mechanical 
power  and  mechanical  skill,  as  they  are  now 
exhibited  in  Europe  and  America,  mark  an 
epoch  in  human  history.  Machinery  is 
made  to  perform  what  has  formerly  been 
the  toil  of  human  hands,  to  an  extent  that 
astonishes  the  most  sanguine,  with  a  d^ree 
of  power  to  which  no  number  of  human 
arms  is  equal,  and  with  such  precision  and 
exactness  as  almost  to  suggest  the  notion  of 
reason  and  Intelligence  in  the  machines 
themselves.  Every  natural  agent  is  put 
relentlessly  to  the  task.  The  winds  work, 
the  waters  work,  the  elasticity  of  metals 
works  ;  gravity  is  solicited  into  a  thousand 
new  forms  of  action ;  leyers  are  multiplied 
upon  levers;  wheels  revolve  on  the  peri- 
pheries of  other  wheels. 

A  MILUONAIRE  CLERIL 


THIS  is  the  plain  tale  of  a  young  man, 
working  in  his  father's  office  daily  from 
nine  o'clock  in  the  morning  until  foiir 
o'clock  in  the  afternoon ;  who  associates  with 
the  clerks  and  does  his  work  as  though  he 
were  one  of  them,  on  a  salary  of  $15  a  week ; 
who  neither  smokes  nor  drinks,  and  finds  no 
pleasure  in  the  theatre ;  whose  chief  enjoy- 
ment is  church  work,  and  whose  favorite 
recreation  is  swimming,  skating,  or  a  drive 
in  the  park.  And  yet  this  young  man,  if 
he  lives,  and  he  is  in  the  best  of  health  now, 
will  some  day  undoubtedly  be  the  richest 
man  in  the  world. 

He  is  John  D.  Rockefeller,  Jr.,  the  only 
son  of  his  multimillionaire  father,  and  proba- 
ble heir  to  a  fortune  so  vast  that  its  own^ 
now  says  that  he  cannot  estimate  it  within 
$10,000,000  or  $15,000,000.  Whether  this 
fortune  is  $200,000,000,  as  is  estimated,  not 
even  Mr.  Rockefeller  can  tell. 

In  his  tastes,  his  every-day  habits,  his 
pleasures,  and  his  beliefis,  young  Rockefeller 
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18  a  most  stxiking  contrast  to  the  ordinary 
son  of  the  millionaire  father.  In  him  is 
proved  beyond  all  doubt  the  old  saying  that 
"blood  wUl  tell,"  for  his  parents'  industry, 
their  religious  nature,  and  love  of  home  are 
strongely  accentuated  in  him  as  in  them. 

Possessed  of  a  fortune  that  would  enable 
him  to  gratify  any  extravagant  wish,  to  pay 
$500,000  a  year  for  a  yacht  and  think  it  no 
waste,  to  support  a  racing  stable,  or  to  buy 
a  princely  estate,  he  wants  none  of  these. 
It  is  to  his  mind  pleasanter  to  work  daily  in 
hia  father's  office,  to  live  quietly  at  home, 
and  devote  his  time  to  religion  and  charity. 

It  is  not  because  of  lack  of  opportunity 
for  other  things  that  young  John  D.  Rocke- 
feller, Jr.,  lives  as  he  does.  His  position  is 
such  that  he  would  be  welcomed  in  society 
should  he  wish  to  attend  any  of  the  fashion- 
able functions  to  which  so  many  people 
devote  their  lives.  His  name  and  his  money 
would  gain  him  the  entrance  to  houses  closed 
against  others  not  so  fortunately  situated. 

Yet  the  man  wants  none  of  these  things, 
which  are  the  prerogatives  of  his  place. 
Rather  than  spend  his  time  thus,  he  devotes 
it  to  the  simple  enjoyments  in  which  he  finds 
hie  greatest  pleasure,  to  the  quiet  evenings 
at  home  when  he  and  his  father,  with  their 
violins,  unite  in  concerts  with  the  young 
man's  sisters,  while  the  mother  listens  as  the 
sole  auditor.  The  family  home,  where  a  life 
is  led  as  simple  as  if  in  a  small  country  vil- 
lage in  Ohio,  instead  of  being  in  the  center  of 
the  millionaire's  district  in  Fifth  Avenue,  is 
at  4  West  Fifty-Fourth  Street. 

During  the  day  the  young  man  works  as 
steadily  and  faithfully  as  any  of  his  father's 
employes,  and  besides  puts  his  heart  to  the 
task,  for  he  is  training  to  manage  the  vast 
property  that  his  father  has  built  up.  But 
once  away  from  his  desk,  the  cares  of  the 
office  are  out  of  his  mind,  and  he  looks  for- 
ward to  a  pleasant  evening  at  home.  The 
family  habits  are  still  affected  by  the  customs 
they  observed  in  the  early  days  in  Ohio. 

It  is  in  the  church  that  the  young  man 
shows  the  deepest  interest  in  anything  aside 
from  business.  He  is  twenty-seven  years  old 
now,  but  like  his  father  and  mother  has  been 
since  a  child  a  constant  attendant  at  church. 
Since  coming  to  New  York  he  has  become  a 
member  of  the  Baptist  Church  in  Forty-Sixth 
Street,  of  which  Dr.  Faunce  is  the  pastor. 
There  his  father  for  years  taught  a  Bible  class 
and  Mrs.  Rockefeller  now  has  one.  Until 
recently  John  D.  Rockefeller,  Jr.,  was  a 
member  of  his  mother's  class.  Since  his 
return  from  college  life  at  Brown,  he  himself 


has  had  charge  of  a  class  of  boys,  while  his 
sisters  for  years  had  their  classes. 

In  a  life  like  this  John  D.  Rockefeller,  Jr., 
finds  his  pleasure.  Aside  from  his  horse, 
his  chief  outdoor  pleasure  is  swimming  and 
skating..  For  the  latter  a  pond  has  been 
arranged  back  of  the  house,  and  there,  shut 
oflf  from  view  from  the  street,  he  can  enjoy 
his  exercise. 

But  for  a  man  with  present  opportunities 
like  his,  and  a  future  which  seems  illimitable 
in  its  prospects  of  wealth,  there  is  no  more 
unique  life  than  that  led  by  young  Rockefeller. 
His  work  is  as  regularly  done  as  though  he 
depended  on  a  weekly  wage  for  his  support, 
and  his  pleasures  are  as  simple  as  those  of  a 
country  lad. 

THE  yrri'EST  survive, 

YOUNG  men  on  the  threshold  of  life's 
career  must  know  that  they  are  to  be 
subjected  to  the  law  of  natural  selection. 
In  the  great  struggle  for  existence  none  but 
the  fittest  survive.  How  many  among  you, 
young  men  of  today,  will  emerge  unscathed 
from  the  terrible  ordeal?  Will  any  of  you 
be  rolled  up  as  moral  wrecks  on  the  sands  of 
time?  We  would  not  be  prophets  of  evil, 
but  we  impress  upon  you  an  adequate  con- 
ception of  the  severity  of  the  test  through 
which  you  must  all  pass. 

Society  is  a  hard  master.  Your  fellow  men 
will  sift  you  as  wheat.  Some  of  you  are  even 
now  fighting  an  unequal  battle  with  poverty 
and  friendlessness.  Others  are  exposed  to  the 
still  greater  dangers  of  wealth  and  ease.  All 
alike  must  be  tried  as  by  fire  before  the  world 
can  decide  what  manner  of  men  you  are. 

That  you  may  pass  the  ordeal  in  triumph, 
you  must  choose  your  career  in  life  wisely. 
For  this  end  study  your  own  powers,  tastes, 
and  tendencies.  Your  profession  should  be 
the  choice  of  your  mature  mind,  not  the 
whim  of  boyhood.  It  must  be  your  own 
choice,  not  that  of  interested  and  partial 
friends.  Fix  your  thought  upon  its  drudg- 
eries and  annoyances,  not  alone  upon  its 
possible  honors  and  rewards. 

When  your  choice  has  once  been  made,  it 
should,  except  for  extraordinary  considera- 
tions, be  final.  Like  the  Spanish  adventurer, 
burn  your  ships  behind  you.  Cut  oflf  all 
hope  of  retreat.  Put  your  whole  powers  into 
the  channel  you  have  marked  out.  You  will 
never  feel  the  full  weight  of  the  disagreeable 
elements  of  your  profession  till  you  have  gone 
too  far  to  retreat.  Remember  that  almost 
all  the  work  that  strengthens  character  is 
drudgery  pure  and  simple. 
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THE  success  of  men  depends  in  no  slight 
d^ree  on  their  physical  health,  and  a 
public  writer  has  gone  so  fieur  as  to  say 
that ''  the  greatness  of  our  great  men  is  quite 
as  much  a  bodily  afOdr  as  a  mental  one.  A 
healthy  breathing  apparatus  is  as  indispensa- 
ble to  the  successful  lawyer  or  politician  as  a 
well-cultured  intellect.'* 

The  thorough  aeration  of  the  blood  by  free 
exposure  to  a  large  breathing  surface  in  the 
lungs  is  necessary  to  maintain  that  fiill  vital 
power  on  which  the  vigorous  working  of  the 
brain  in  so  large  a  measure  depends.  The 
lawyer  has  to  climb  the  heights  of  his  pro- 
fession through  close  and  heated  courts,  and 
the  political  leader  has  to  bear  the  fatigue 
and  excitement  of  long  and  anxious  debates 
in  a  crowded  house.  Hence,  the  lawyer  in 
full  practice  and  the  parliamentary  leader 
in  full  work  are  adled  upon  to  display 
powers  of  physical  endurance  and  activity 
even  more  extraordinary  than  those  of  the 
intellect — such  powers  as  have  been  exhibited 
in  so  remarkable  a  d^;ree  by  Brougham, 
Lyndhurst,  and  Campbell ;  by  Peel,  Graham, 
and  Palmerston — all  full-chested  men. 

Though  Sir  Walter  Scott,  when  at  Edin- 
burgh CJollege,  went  by  the  name  of  **The 
Greek  Blockhead,"  he  was,  notwithstanding 
his  lameness,  a  remarkably  healthy  youth  : 
he  could  spear  a  salmon  with  the  best  fisher 
on  the  Tweed,  and  ride  a  wild  horse  with 
any  hunter  in  Yarrow.  When  devoting 
himself  in  after  life  to  literary  pursuits,  Sir 
Walter  never  lost  his  taste  for  field  sports  ; 
but  while  writing  **  Waverly  *'  in  the  morn- 
ing, he  would  in  the  afternoon  course  hares. 
Professor  Wilson  was  an  athlete,  as  great  at 
throwing  the  hammer  as  in  his  flights  of 
eloquence  and  poetry  ;  and  Burns,  when  a 
youth,  was  remarkable  chiefly  for  his  leap- 
ing, putting,  and  wrestling.  Some  of  our 
greatest  divines  were  distinguished  in  their 
youth  for  their  physical  energies.  Isaac 
Barrow,  when  at  the  Charterhouse  School, 
was  notorious  for  his  pugilistic  encounters, 
in  which  he  got  many  a  bloody  nose ; 
Andrew  Fuller,  when  working  as  a  farmer's 
lad  at  Soham,  was  chiefly  famous  for  his 
skill  in  boxing ;  and  Adam  Clarke,  when  a 
boy,  was  only  remarkable  for  the  strength 
displayed  by  him  in  **  rolling  large  stones 
about*' — the  secret,  possibly,  of  some  of 
the  power  which  he  subsequently  dis- 
played in  his  manhood  in  rolling  forth  large 
thoughts. 
While  it  is  neceesary,  then,  in  the  first 


place,  to  secure  this  solid  foundation  of  physi- 
cal health,  it  must  also  be  observed  that  the 
cultivation  of  the  habit  of  mental  application 
is  quite  indispensable  for  the  education  of 
the  student 


DIVERSITY  IN  EDUCATION. 


EVERY  youth  of  eighteen  is  an  infinitely 
complex  organization,  the  duplicate  of 
which  neither  does,  nor  ever  will,  exist. 
His  inherited  traits  are  diflerent  from  those 
of  every  other  human  being ;  his  environ- 
ment has  been  diflerent  frt)m  that  of  every 
other  child ;  his  passions,  emotions,  hopes, 
and  desires  were  never  before  associated  in 
any  other  creature  just  as  they  are  in  him ; 
and  his  will  force  is  aroused,  stimulated, 
exerted,  and  exhausted  in  ways  wholly  his 
own.    The  infinite  variety  of  form  and  fea- 
ture, which  we  know  human  bodies  to  be 
capable  of,  presents  but  a  faint  image  of  the 
vastly  deeper  diversities  of  the  minds  and 
characters  that  are  lodged  in  these  unlike 
shells.    To  discern  and  take  due  account  of 
these  diversities,  no  human  insight  or  wisdom 
is  sufficient,  unless  the  spontaneous  inclina- 
tions, natural  preferences,  and  easiest  habit- 
ual activities  of  each  individual  are  given 
play.    It  is  for  the  happiness  of  the  indi- 
vidual, and  the  benefit  of  society  alike,  that 
these  mental  diversities  should  be  cultivated, 
not  suppressed.    The  individual  enjoys  most 
that  intellectual  labor  for  which  he  is  most 
fit ;  and  society  is  best  served  when  every 
man's  peculiar  skill,  &culty,  or  aptitude  is 
developed  and  utilized  to  the  highest  pos- 
sible degree.    The  presumption  is,  therefore, 
against  uniformity  in  education,  and  in  favor 
of  diversity  at  the  earliest  possible  moment. 


EDUCATIONS  FIRST  STAGE. 


THE  first  stage  in  the  education  of  the 
true  worker  is  self-consciousness ;  the 
final  stage  is  self-forgetfulneas.  No 
man  can  enter  the  final  stage  without  X)a88ing 
through  the  initial  stage ;  no  man  can  enter 
the  final  stage  without  leaving  the  initial 
stage  behind.  One  must  first  develop 
intense  self-consciousness,  and  then  must  be 
able  to  forget  and  obliterate  himself.  One 
must  first  accept  the  most  exacting  discipline 
of  the  school,  and  then  must  forget  that 
schools  exist  The  apprentice  is  the  servant 
of  detail ;  the  master  is  the  servant  of  idea  ; 
the  first  accepts  methods  as  if  they  were  the 
finalities  of  art;  the  second  uses  them  as 
mere  instruments. 


STUDENTS   WHO    HAVE    BENEFITED    THEMSELVES 

THROUGH  HOHB  STUDY 

IN  THE  INTERNATIONAL  CORRESPONDENCE  SCHOOLS, 

SCRANTON,  PA. 


FR<»I  BRICKLAYER 

TO  ARCHTTECT. 

Before  eoTolIing  in  the  Schools,  aod  while 
pniBoing  th«  stndj  of  the   ArchiMclnral 
Drawing  Course,  I  was 
a  bricklayer,  and 
worked   with    mj 
&ther  on  the  maaon. 
work  of  several  large 
boildings.    After  com- 
pleting the  Cktorse  I 
held  responsible  poei~ 
,    tlons  in  the  offices  of 
I    two  of  the  leading 
architects  of  Cleve- 
land, O.      I  am  now 
I    saccesBfuUy  practicing 
architectnre,  and  have 
recently  Aimiahed   plans  and  specifications 
f<»-  the  new  $S,000  school  bviilding  that  is  to 
be  erected  at  Corry,  Pa.    My  succees  is  due 
entirely  to  the  Schools. — livAad  A.  Crovit 
(  U.  ess),  MeadviUe,  Pa. 


BECAME  A  SUCCESSFUL 

STATIONARY  ENGINEER, 

It  gives  me  great  pleasure  to  ^recommend 
The  iDteo'national  Oorreepondence  Schools  to 

any  one.  They  have 

done  for  me  more 
than  they  adver- 
tised. When  I  began 
the  study  of  the 
Stationary  Engi- 
neers' Coarse  I  was  a 
locomotive  engineer. 
The  completeneei 
and  simplicity  of  the 
Inatmction  Papers 
I  agreeably    snrpiised 

I  me.    After  complet- 

ing my  Ooaree  I 
accepted  the  poaitloD  of  chief  engbeer  of  the 
State  Hospital  for  the  Insane  at  MasailloD,  O. 
I  now  have  change  of  a  complete  electric 
light  and  power  plant,  water  works,  and 
refrigerating  plant.  It  is  through  the  instruc- 
tion received  in  my  Course  that  I  have  been 
able  to  obtain  and  hold  this  position. — 
CUirence  E.  SaOoa  {H.  196),  Mauiilon,  0. 


FROM  OFFICE  BOY 

TO  BOOKKEEPER. 

In  the  latter  part  of  1896  I  went  to  work 
for  L.  Sternberg  &  Co. ,  Newark,  N.  J. ,  as  office 
boy.  Aflerl  had  beenthereaboutoneyear, 
a  friend  explained  to  me  the  methods  of 
The  International  Correspondence  Schools, 
and  as  I  hsew  nothing  about  bookkeeping  I 
enrolled  in  the  Complete  Commercial  Course. 

Since   taking  the  Course,  I   have  been 
advanced  from  office 
boy  to  assistant  book- 
keepM,  and  my  sal- 
ary has  been  raised 
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lount  of  my 
knowledge  of  book- 
keeping. I  am  still 
at  the  same  work, 
and  hope  to  rise 
higher  when  I  have 
completed  doable 
entry.  My  success 
is  due   entirely    to 

the  Schools.— JVont  W.  Mtrrtz  {C   C.  4SS), 
Neteark,  N.  J.     

INCREASED  HIS  SALARY 

$5J)0  PER  TEEK. 

Before  takhig  the  Wiring  and  Bdl-Work 
Conrae  of  The  International  Correspondence 
Bchoola,  I  was  a  shoe  salesman,  at  a  salary 
of  ¥8.00  per  week.    I  stilt  hold  the  same 
position,  but  recrive 
$9.00  per  week.     I 
have  one  afternoon 
and  three  evenings 
off  duty  each  week. 
This   spare  time    I 
torn  to  advantage  by 
doing    electrical 
work.     In  this  way 
I  increase  my  salary 
15.00    per   week, 
makingtl4.00  in  all. 
I  now  feel  qualified 
to  accept  a  position 
in  an  electrical  establishment,  and  when  the 
opportunity  occura,  I  intend  to  change  ray 
occupation.— Geo.  C.  Jackson  [J.  B.g7),  3960 
MarkftSt.,  Philadelphia,  Pa. 


STUDEyrS  WHO  HAVE  BENEFITED  THEMSELVES. 


FROM  CHAINHAN  TO 

A^ISTANT  ENGINEER. 
I  began  work  seven  years  ago,  aa  chain- 
man    on   an    engineering    corps.    I    have 
advanced  in  the  pro- 
I  feesion  to  the  posi- 

tion of  assistant 
I  engineer  in  the  Civil 

Engineering  Depart- 
!  ment  of  one  of  the 

largest  iron  (Mmpa- 
nies  in  this  country. 
My  woric  IB  varied, 
covering  nearly  alt 
branches  of  the  pro- 
fession. 

Without  any  pre- 
vious mathematical 
education,  Tliavebeenableto  keep  abreast  of 
the  timee  through  the  Course  I  tiave  taken 
in  the  Schools.  During  the  time  I  have 
been  a  student  in  the  Bridge  Engineering 
Course,  my  salary  has  been  nearly  doubled. — 
Ch<u.  X.  Bower  (B.  .«fi),  Johnttoum,  Pa. 

FROM  I>nNER  TO 

SCHOOL  TEACHER. 
I  received  no   education  as  a  boy,  and 
had  worked  in  the  mines   nearly  twenty 
years  when  I  enrolled 
in  the  Complete  CoaI 
MiuingCourse  of  The 
International  Corre- 
spondence   Schools. 
My  progress  was  very 
saiis&ctory  to  me,  as 
I  was  able  to  com- 
plete the  Course  in 
two  y eare.    Th  is  was 
largely    due   to   the 
fbct  tliat  all  letters  of 
inquiry    for   further 
information  on  any 
problem  were  very  promptly  and  cheerfully 
answered.    The  Course  not  only  fits  a  man 
for  a  mining  position,  but  for  anything  else 
to    which    he   may   aspire.     Through  the 
knowledge  gained  in    the  Schools,  I  have 
been  able  to  obtain  a  first-grade  teacher's 
certificate,  and  am  now  teaching  in  the  pub- 
lic schools  of  this  place  at  a  salary  of  $70.00 
per  month.    I  owe  my  present  position  to 
the  i>chools,  and  my  success  in  teaching 
to  the  able   reasoning    in    the   Instruction 
Papers,  which  treat  matters  in  such  logical 
order  that  any  one  who  studies  can  under- 
stand  them.— JoAn   Graham   [C.   it.    1189), 
Roektalf,  C"l.  ' 


FROM  SCHOOL  TEACHER 

TO  ARCHITECT. 

I  have  very  nearly  finished  the  Complete 
Architectural  Course  of  The  International 
Correspondence  Schools  of  Bcranton,  Pa., 
and  wish  to  state  that  I  conai.der  the  Schools 
the  greatest  educational  institution  that  has 
ever  been  established.    My  Course  has  been 
of  almost  inestimable  value  to  me,  as  I  am 
now  holding  a  position  which  1  could  not 
have  filled  had  it  not 
been  for  the  knowl- 
edge gained    in   my 
Course. 

When  I  enrolled, 
and  while  studying 
the  Course,  I  was  a 
school  teacher  in  Tri- 
angle, N.Y.  Nearly 
all  my  studying  has 
l>een  done  after  work- 
ing hours,  and  I  have 
been  to  no  extra  ex- 
pense to  get  my  edu- 
cation. I  am  now  working  in  an  architect's 
office,  where  I  do  all  the  estimating  and 
draw  all  the  plans.— Ohm.  G.  Bater^A.SlO), 


FROM  LABORER  TO 

OXJNTY  SURVEYOR. 
Prior   to  the  time  when   I  enrolled   in 
The  International  Correspondence  Schools, 
I    had   principally    followed    mining    and 
mechanical  labor,  as  my  education  was  lim- 
ited to  a  few  years'  schooling  when  I  was 
quite  yout^.    I  felt  that  a  teclmical  edu- 
cation   wonld   enable  me  to  earn   higher 
wages,  so  enrolled  in  the  Schools.    Since 
completing  my  Course   in   Surveying  aod 
Mapping  and  obtain- 
ing a  diploma,  I 
received   the   nomi- 
nation   for  County 
Surveyor  and  Road 
Supervisor,  and  was 
elected  by  a  nice 
mtyority.    I  receive 
$5.00  perday  for  road 

supervising,  and  i 

(7.00  per  day  for  snr-  I 

veying.    Ishall  I 

always    remember  | 

with  pleasure  my 

work  in  tbe  Schools,  and  advise  all  nay- 
friends  to  enroll  and  receive  the  certaJQ 
benefits  of  knowledge. — Chat,  F.  Donye* 
(S.  M.  90),  PhUiptbwg,  Mora. 


f^V^M^M^^M^'^^^M^^V^'M^^W^rfW^^^M^M^^^^^M^M^M^M^^^^^^^- 


A_A 


JsL 


HIEROGLYPHICS. 
Ai  the  ^vptiani  Toold  Have  WiiHeo  It. 

International  Correspondence  Schools. 

IN  PLAIN  ENGLISH. 
Ai  Te  Trite  U. 

Tlw  inlcnutioiul  a^Iubet,  now  (ned  by  aU  dvtlixed  oatiou.  make*  tl  povlble  for  The  Intcmatkdal 
Conapoodeace  ScIiooU.  ti  Sc»anton>  Pa.^  to  teach  by  eorreipoadcDce  what  It  wouU  otherwbe  be 
ncccvarr  to  go  to  college  to  lean). 


EXCEPTIONAL  OPPORTUHIH  ^'^^ 


ruin  MbkseIus  " 
— «  hlgb-Qlus 
monthl;  Uaga- 

._ ^ ire— 1>    dealroui  ol 

CtMrabM^ptionlUtuul  will  offer  T«iT  UbenU 


TO  UKE  lOHEV. 


"Aanita    Depeitmeiit,"    "Bonthern  Tam  I 


The  Tradesman 
Machinery  and  Supplies 


■deiaua,  Chattanesca,  Taaa. 


gataloques  of  Books 


2^  ELECTRICITY, 
W^'    I    MECHANICS, 
f    AND  MINING. 


The  Teclmical  Supply  Co., 


SCRANTON.  PA. 


^^^JU~^rr~rr"V^^"1^T^•^~v^~'|*r~^•^^~T^~lV■¥V~rl^^ 


^^<M^*M^#M^»^^^M^^M^^M^<»^»»^^V^»»^^MN^»^N^»^^^^»^^^^^i^^^^»rfM»>^ 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 


♦ 
♦ 
♦ 
♦ 
♦ 
♦ 
♦ 


NEW  CATALOGUE 


Haw  Btyla*  of  StMl  Rnla*. 
MnrCtauru.  NcwBcnw 
ntch  OauH.  Naw  Btnl 
ClaoiH.  N«w  Nail  B«ts. 
Ntw  Cantir  Pancbii.  Naw 
Scribara.  New  Level*. 
0*CT  30  dlffanot  llicrom- 
aterCallpan. 

MTALOBUEFREL   UK  FOR  IT. 
THBI^S. 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 


EVHRY  DRAFTSMAN  m«ket  Blue  Prinu, 
and  we  make  the  moei  complete  lino  of 

Bine  Print  Frames  and  Cars. 


A  Obhi  Stjle*  led  SIih. 


Drawing  Tables. 


so 

styles 

to  Choose  trom, 
in  price  from 

(3.00  to  $50.00. 


F.  W.  EmsrMn  Hfg.  Co., 

ts  Mertlatt  St., 
C^alague.       RaehMter,  H.  1. 


Just  What  You  Want! 


As  biadT  to  70a  as  i 
=^=  to  a  scbooibty. 


"THK    TOOL.    CATAI.OOUK," 

,  Orer  MO  pareit  wttb  dlKMnt  theeU  Seat  pottpiU  on  rtce^  or 


Kwrnyr   &   ^^-. 


CLEVELAND  TWIST  DRILL  CO.. 


Th«    Tool    Doaloro. 

NKW    YORK    i 


If  you  buy— or  expect  to  buy — Machinery,  Toole,  and  Supplies, 
know  what  the  beet  goods  are,  and  to  save  money  in  bnying,  yon  will 
absolutely  essential  to  have  our  catalognea.  ^.^^ 

A  book  or  lOOIS    —  over  2000  ninstmtions,  all  goodjJmEa.^"^* 

"Wood  Workers  Tools"-    J^  ^^^^  ~*^_ 

r^alar  Encyclopedia.    Either  catalogue  sent  by  mall  upon  receipt  of 
to  cover  mailing  expenses.    Address : 

THE  CHAS.  It  STRELIHGER  CO.,  Box  K,  Detroit,  ■IsfcjB 


T*  H  I-^* 

MECHANIC  ARTS 
lAGAZINE 


m}M>i*i^ai^i^^ 


I 


VOL.  IV.    No.  6. 


"1  JULY,  1899.  fj" 


THOLE  No.  42. 


II 


Engineering  News 

Batablishcd  1874. 
Published  every  Thursday. 
Sobecription  Price  $5  a  Year. 

If  yoa  are  interested  in  any  bnuich  of  Snglneering 
yon  will  find  in  *'  Engineering  News  '*  articles  of  special 
interest  and  yaloe  in  your  particular  line  of  work.  Too 
may  also  find  much  matter  in  which  yon  are  not  so 
directly  concerned.  Bat  a  general  knowledge  of  what 
is  going  on  in  all  branches  of  engineering  practice  is 
most  important  to  every  ambitions  engineer,  and  tlis 
rsslisf  if  "  Esf Isssrlsf  llsws  "  f hrss  Jsst  this  ksswistffs. 

The  Oonstmction  News  supplement  and  the  proposal 
adTcrtiaementB  in  *' Engineering  News'*  are  read  each 
week  by  prominent  contractors  and  manufacturers  of 
contractor!'  supplies  in  every  part  of  North  America, 
thus  inaorlng  an  interest  in  work  reported  or  advertised 
in  this  paper  which  often  results  in  large  savings  on 

We  also  publish  books  on  engineering  and  allied 
subjects*  We  have  specifications  for  viaducts  and 
bridges  of  various  kinds,  steel  roofs,  buildings,  struc- 
tural steel,  grading  and  masonry,  cross  ties,  track-laj- 
ing,  dams  and  reservoirs,  wiring  for  electric  light  in 
buildings,  etc 

A  sample  copy  of  "  Engineering  News,"  or  a  com- 
plete list  of  our  books,  will  be  mailed  you  free  if  you 
mention  "  Mechanic  Arts  Magazine  "  in  your  request. 


The  Eogloeeriog  News  Pnblishiog  Co., 

330  Broadway,  New  Yerk. 


AppletOD's 
Popular  Science  Monthly. 


The  oontentc  of  Appl«ton'$  Popular  Seitmae  Monthly  for  18M  wUl 
Include  an  inoreMlng  varietj  of  reftd*ble  popular  artiolef  firom 
writen  of  the  foremost  rank  in  their  reepeotlTe  departmenta  of 
science. 

EDUCATION. 

A  few  of  the  topiee  eoBing  under  this  head  will  be :  The  tt«inin« 
of  seienoe  teaohen:  the  place  of  eoience  in  education;  praeticM 
aepeote  of  mental  fktigue ;  teaching  ecience  in  the  common  echoole ; 
instruction  of  the  feeble-minded/ 

NATURAL  HISTORY. 

As  subiects  of  eoientiflc  study  of  ncTer-failing  interest,  well  calcu- 
lated to  develop  the  obaorring  powers  and  the  judgment,  and  easilj 
accessible  independent!  j  of  the  schools,  liberal  space  vrill  be  giren  to 
articles  on  natural  historr.  including  curious  forms  of  plant  and 
animal  life,  and  those  varied  aspects  of  Nature  that  present  them- 
selves  in  the  geological  and  physiographic  features  of  the  landscape. 
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HOWEVER  usefU  it  may  be  to  those 
iiDinediately  concerned,  it  cannot  be 
eaid  that  the  operation  of  splicing 
together  two  pieces  of  hemp  rope  ie  in  itself 
particularly  attractive  or  interesting,  and  it 
is  more  than  possible  that  the  reader  will 
feel  that  his  occupation,  boBineea,  or  proffs- 
aion  is  never  likely  to  call  for  any  knowledge 
of  the  art.  Nevertheleea,  at  some  fiiture 
time  be  may  be  brought  unexpectedly  face 
to  lace  with  an 

where  the  abil- 
ity to  make  a 
good  durable 
splice  or  to  tie 
a  strong  reliable 
knot  will  come 
in  very  handy, 
so  it  may  not  be 
entirely  waste  of 
time  for  him  to 
read  on.  More- 
over, it  18  prob- 
able that  among 
the  tbonsandB 
who  read  this 
magazine  every 
month,  there  are 

noany   who  are  Fig.  i.— Usrsc  tji 

more    or    less 

interested  in  yachting  and  shipping,  or  are 
employed  in  workshopB  where  rope  e  pi  ices 
and  rope  tackle  are  not  altogether  unknown; 
to  euch  the  writer  feels  that  a  few  practi- 
cal hints  from  one  who  knows  about  these 
things  will  be  of  real  value. 

To  begin  with,  let  us  define  the  word 
"  splidng."  Splicing  is  the  operation  of 
joining  two  pieces  of  rope  80  as  to  obtain 

Cbpfrtgliled.  law.  bu  TV 


Workshop. 


one  continuous  piece,  with  no  appreciable 
incMase  of  diameter  at  the  splice. 

There  are  several  kinds  of  splices,  but  the 
two  principal  ones  are  the  thort  splice  and 
the  long  splice ;  these  will  be  described  first. 
Among  other  forms  is  the  eye  splice ;  this,  and 
a  variety  of  knots,  bends,  and  hil«hea,  will 
be  taken  up  afterwards. 

The  principle  of  all  splidi^  consists  of 
joining,  or  "marrying,"  the  strands,  thin- 
ning them  out, 
and  tapering 
them,  so  that 
the  diameter  at 
the  splice  is  the 
some  or  only 
slightly  greats 
than  that  of  the 
rope  itself.  In 
the  long  splice. 


allowed. 

Until  within 
comparatively 
recent  years, 
all  ropes  were 
made  of  v^^eta- 
ble  fiber  teased 
:  Marll-irhi'ike.  out    and     spun 

into  suitable 
form  either  by  hand  or  machinery  ;  but  since 
the  introduction  into  the  rope- manufactur- 
ing industry  of  iron,  and  particularly  of  mild 
steel,  steel  rope  is  rapidly  superseding  all 
other  kinds,  even  for  running  gears.  For 
man;  purposes,  however,  fiber  ropes  are  still 
used  and  can  never  be  replaced  by  steel  ones ; 
they  are  made,  for  the  moat  part,  of  either 
hemp,  manila,  or  coir  (cocoanut  husk  fiber). 

CtOiery  Enirimrr  Orniponv. 
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First,  the  fibers  are  spuo  into  yaroa,  then 
the  yarns  into  Btrande,  and  finally  the 
Btrands  into  rope.  The  methods  of  splicing 
described  and  illustrated  here  apply  only 
to  theee  fiber  ropee. 

The  only  inBtnimenta  neceegary  for  making 
a  splice  ore  a  marlinespike  and  a  knife.  The 
former  is  mode  of  either  iron  or  hard  wood, 
is  from  12  to  14  inches  long,  and  about  1  inch 
ia  diameter  at  the  thick  end,  the  other  end 
being  sharpened  to  a  blunt  point  about  as 
shown  in  Fig.  1 ;  it  is  always  operated  by 
the  right  hand,  while  the  left  encircles  the 


Fin.  2. —The  Short  Splice. 

rope.  After  pushing  the  extreme  point 
through  between  the  strands  to  be  sepa- 
rated, the  thick  end  is  placed  against  tlie  body 
of  the  operator  ;  then,  using  both  hands,  the 
rope  is  twisted  so  as  to  render  the  work  of 
opening  the  strandH  comparatively  easy. 

To  make  a  short  spUce:  TJnlay — that  is, 
split  open — the  strands  at  the  end  of  each 
rope  for  a  distance  about  as  shown  in  Fig.  2; 
this  distance  depends  entirely  upon  tbe 
diameter  of  the  rope,  but  as  the  proportion 
will  be  the  same  for  all  diameters,  the  illus' 
tration  serves  as  a  general  guide ;   be  aure  to 


unlay   enough  ;   a  few  inches  too   much   is 
better  than  too  little,  as  the  ends  have  to  be 
cut  off  anyway.    Then,  place  the  two  ends 
together,  as  shown  at  (a).  Fig.  2,  so  that 
each  strand  lies  between  two  strands  of  the 
other  rope.    Now,  hold  tbe  strands  xyz  and 
the  rope  A  in  your  left  hand  ;  if  the  ropes 
are  too   large  to  hold   thus,    fasten    them 
together  with  twine  ;  then  take  one  of  the 
strands,   say  n,  paas  it  over  strand  y,  and, 
having  made  bji  opening,  either  with  the 
thumb  or  with  a  marlinespike,  in  the  man- 
ner illustrated  in  Fig.  1,  push  this  strand  n 
through  uuder  x  and  pull  it 
taut ;  this  operation  is  known 
as  "sticking."     Proceed 
similarly  with  strands  m  and 
0,    paaeing    each    over    the 
i  mmediately  adj  oining  strajid 
and   under   the   next  one. 
Perform  precisely  the  same 
operation  with  the  strands  of 
the  other  rope,  passing  each 
etnind   over    the   adjoining 
one    and    under  tbe  next, 
thus  mok  ing  tbespljce  appear 
as  at  (6),  Fig.  2.    Now,  in 
order  to  insure  security  and 
strength,  this  work  most  be 
repeated    by    passing  each 
strand  over  the  third    aod 
through  nnder  the   foorth, 
then,   after  subjecting   tbe 
splice  to  a  good  stout  pall, 
cutofftbeendsofthestnuids, 
and  you  have  the  finished 
splice  as  shown  at  (c), Fig.  2. 
In  slings  and  straps  used 
for  heavy  work,  the  strands 
should    be   passed    twice 
each  way,  and  one-half  of 
each  strand    should    be 
"whipped,"  or  bound,  with 
twine  to  one-half  of  the  reet, 
thus  preventing  the  strands 
from    "  creeping   through " 
when  the  splice  is  taxed  to  the  full  capacity 
of  the  rope. 

In  the  short  splice,  the  diameter  at  the 
join  is  rather  greater  than  that  of  the  rope, 
for  which  reason  it  is  not  a  suitable  splice 
where  the  rope  is  to  be  used  in  tackles  and 
pulley  blocks,  or  in  places  that  will  not 
admit  anything  larger  than  the  rope  itself. 
In  «ucb  cases  the  long  splice  is  used  ;  this, 
when  properly  made,  tbe  untrained  eye  can 
hardly  distinguish  from  the  rest  of  the  ivpe. 
To  make  tbe  long  splice  :  Unlay  the  ends  as 
before,  but  about  three  times  as  far,  and 
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pimce  them  together,  as  ehown  at  (a),  Fig.  3, 
in  the  satne  manner  as  for  the  short 
splice.  Then  unlaj'  one  of  the  atr&ndg,  eay  x 
of  the  right-hanil  rope,  and  in  the  groove 
thos  made  lay  the  strand  n  of  th^  left-band 
rope,  taking  good  care  to  give  this  strand  the 
proper  twist,  so  that  it  falls  gracefully 
into  the  groove  previously  occupied  by 
Btntnd  X.  Do  likewise  with  strands  y  and 
m,  unlaying  y  gradually  and  in  ita  place 
laying  the  strand  m  ;  the  result  is  shown 
at  {b)  Fig.  3.  Now,  leaving  the  middle 
strands  p  and  g  in  their  original  positions, 
cut  off  all  the  strands,  as  shown  at  (6); 
then  relieve  strands  n  and  x  of  about 
one-third  of  their   yams,  and  with  what 


splice  compares  with  the  rope  in  strength 
and  durability  ;  in  other  words,  is  the  splice 
B8  strong  as  the  rope  that  it  joins?  In  the 
opinion  of  the  writer,  it  is ;  the  splice  is 
quite  as  strong  and  durable  as  tberope  itself. 
This  is  proved  by  the  fact  that  on  shipboard 
it  is  very  rarely  one  hears  of  a  rope  or  sling 
snapping  in  the  splice.  When  such  a  thing 
does  occur  it  is  generally  ea»y  to  trace  the 
origin  of  the  splice  to  some  "greenhorn"  of 
a  sailor,  or,  if  on  a,  steajner,  to  some  member 
of  the  engine  department  who  parted  with 
his  teacher  in  rope  splicing  a  little  too  soon. 
However,  the  thtoredeoX  version  of  the  matter 
is  that  the  splice  is  about  one-eighth  weaker 
than  the  rope  itself;  this  is  on  the  safe  side. 


is  left  cast  an  ov^hand  knot  as  shown 
— exactly  as  shown  ;  no  other  kind  of  knot 
will  do.  Pull  this  knot  taut  and  dispose  of  the 
ends  as  in  the  short  splice,  by  passing  them 
over  the  adjoining  strand  and  through  under 
the  nest,  cutting  off  a  few  yarns  at  each 
"sUck."  Proceed  similarly  with  strands  p 
and  g,  and  y  and  m.  The  splice,  when  it  is 
completed,  appears  as  at  (c).  Fig.  3.  Some- 
ttmee  the  overhand  knot  is  made  without 
first  thinning  the  strands,  and  then  split  and 
the  half  strand  put  through  as  described,  but 
by  doing  so,  the  surface  of  the  splict!  is  never 
as  smooth  as  by  the  other  method,  which, 
for  strength  and  neatness,  is  second  to  none. 
A  qaeetion  frequently  asked  is  how  the 


and  makes  allowance  for  indifferent  work. 
Another  splice,  and  one  that  is  as  common 
and  useful  as  the  two  already  described,  is 
the  eye  splice,  illustrated  in  Fig.  6.  To  b^in 
this,  unlay  the  end  of  the  rope  about  as  far 
as  for  the  short  splice,  and  bend  into  the 
r«quired  size  of  eye,  as  shown  at  (a).  Then 
tuck  the  end  of  tlie  middle  strand  y  under 
one  of  the  strands  of  the  standing  part — 
having  previously  made  the  necessary  open- 
ing with  the  marlineepike— and  pull  tight, 
gettingwhatisshownat (6).  Now  push  the 
strand  x  from  behind,  and  under  the  strand 
on  the  standing  part  next  above  that  under 
which  the  middle  strand  ;i  was  passed,  so 
that  it  willcomeout  where  y  went  in,  getting 
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■  Biiwi.iirc  Knot,  and  a  Vse 
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what  ia  shown  at  (c);  then  pass  the  third 
atrand  z  under  the  remaining  free  strand  in 
the  standing  part,  next  to  the  one  under 
which  y  was  passed,  getting  {d).  Now  pull 
the  strands  taut,  and  from  each  cat  out  one- 
third  of  the  jams ;  pass  each  one  over  the 
adjoining  etrand  and  then  through  under 
the  next,  ae  in  the  short  splice ;  then  cut 
out  one-half  of  the  yame,  and  luck  each 
one  under  its  corresponding  Htiund  for  the 
third  time ;  give  it  a  good  etretching,  cut 
off  the  ends,  and  thus  complete  the  splice 
as  shown  at  («). 

These  three  splices,  the  short,  the  long, 
and  the  eye,  may  Justly  be  termed  the  ABC 
of  the  art,  for  if  they  are  once  thoroughly 
mastered  the  making  of  others  becomes  of 


and  can  be  used  with  advantage  in  connec- 
tion with  ctaiuns  that  are  "tailed,"  or  length- 
ened, with  a  rope  that  has  to  pass  through 
sheaves  or  places  that  do  not  allow  any 
increase  of  diameter  in  the  rope. 

Havli^  made  the  reader  acquainted  with 
the  principal  splices  in  existence,  it  will, 
perhaps,  not  be  out  of  thcway  to  add  a  few 
words  about  the  making  of  sundry  bends 
and  hitches  connected  with  the  tiandling  of 
cordage.  Among  landsmen  in  general  and 
persons  not  familiar  with  the  use  of  ropes, 
the  ignorance  displayed  in  this  direction  is 
astonishing,  there  being  very  few  indeed 
who  know  even  how  to  knot  two  pieces  of 
rope  together  properly.  Nine  persons  out  of 
ten  will  make  Ute  knot  as  at  {d).  Fig.  4. 
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little  difficulty,  since  all  other  forms  and 
varieties  are  in  general  hut  modifications  or 
applications  of  them. 

In  Fig.  4,  (a)  and  {b)  show  how  to  splice 
a  small  rope  to  a  chain.  To  make  this  splice  : 
Unlay  the  strands  of  the  rope  and  reeve 
two  of  them  through  the  end  link  ;  then 
nnlay  the  third  strand  for  about  the  distance 
shown,  and  in  its  place  lay  one  of  the  other 
strands,  the  same  as  in  making  the  long 
splice  ;  make  an  overhand  knot  and  dispose 
of  the  ends  in  the  usual  way  ;  dispose  of  the 
third  strand  :c — one  of  the  two  reeved  through 
the  link— as  when  making  the  eye  splice,  by 
"  sticking  "  near  the  link  ;  cut  off  the  ends, 
and  the  splice  is  complete  as  shown  at  {b). 
Fig.  4.    This  is  a  very  neat  and  strong  splice, 


And  why?  Simply  because  of  that  ever- 
lasting human  instinct  to  commit  error,  by 
which  we  are  all  affected  more  or  less.  Such 
a  knot  hardly  amounts  to  anything,  as  the 
least  pull  will  cause  it  to  slip.  At{c),  in 
the  same  illustration,  the  correct  way  to 
make  the  knot  is  shown. 

Another  error  is  indicated  at  b  in  Fig."  ; 
this  is  frequently  committed  by  amateur 
yachtsmen  when  belaying  or  securing  a 
rope — eay  the  sheet  of  a  Bail — to  a  cleat.  If, 
during  a  cruise,  the  boat  is  caught  in  a  sud- 
den squall  that  demands  the  immediate 
slacking  up  of  the  sheet,  the  result  of  this 
method  of  fastening  it  is  more  likely  tlian 
not  to  prove  fatal  to  the  occupants  of  the 
boat,  by  causing  immediate  capsizing.    As 
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will  at  once  be  uDderstood  by  a  glance  at  the 
illostration,  the  increased  strain  on  the  sheet 
in  such  a  case  will  jam  the  rope  and  render 
it  impossible  to  ease  off  the  sheet.  Of  the 
many  cases  of  boats  capsizing,  most  are  dae 
to  this  way  of  belaying  the  sheet  At  a, 
Fig.  7,  is  shown  the  correct  way  to  secure 
the  rope. 

A  very  aseful  knot  that  shoald  be  mastered 
by  every  mechanic  and  by  all  persons  in  any 
way  connected  with  shipping  is  shown  at 
{e)f  Fig.  4 ;  by  seamen  this  is  known  as  the 
bowline  knot.  To  make  it,  take  the  end  of 
the  rope  in  the  right  hand  and  the  standing 
part  in  the  left,  and  lay  the  end  over  the 
standing  part.  Then,  with  the  left  hand, 
turn  over  the  end  a  bight  (a  loop,  or  turn) 
in  the  standing  part,  pass  the  end  over  and 
around  the  standing  part,  and  through  the 
bight  again,  thus  completing  the  knot ;  all 
this  is  shown  with  perfect  clearness  in  the 
illustration. 

As  an  example  of  the  many  uses  to  which 
in  emergencies  the  bowline  knot  can  be 
applied,  the  following  report  found  in  the 
news  columns  of  one  of 
the  New  York  dailies 
will  perhaps  be  inter- 
esting :  ''At  about 
half-past  four  o'clock 
this  morning  a  patrol- 
man on  duty  near 
pier  No.  16,  East  River, 
was  attracted  by  dis- 
tressing cries  for  help 
that  apparently  came  from  the  water-front. 
He  hastened  toward  the  end  of  the  pier, 
and  through  the  haze  overhanging  the  water 
made  out  a  human  being  struggling  against 
the  tide,  which  was  slowly  carrying  him 
down  toward  the  bay.  The  officer,  quickly 
realizing  that  the  drowning  man  was  too  tax 
from  the  pier  to  be  reached  by  an  ordinary 
boathook,  jumped  down  to  the  deck  of  a 
lighter  that  lay  alongside  the  pier  and 
getting  hold  of  a  rope  made  in  the  end  of  it 
a  bowline  knot  large  enough  to  admit  the  body 
of  a  man  ;  this  he  threw  out  to  the  nearly 
exhausted  struggler,  shouting  to  him  not  to 
try  to  hold  on  to  the  rope  but  to  get  the  loop 
over  his  head  and  under  both  his  arms. 
The  man  finally  succeeded  in  doing  this, 
the  line  being  paid  out  as  he  drifted  away,  and 
the  officer,  feeling  that  the  rope  had  a  good 
hold,  began  to  haul  in,  and  with  the  assist- 
ance of  a  brother  officer  who  had  responded 
to  his  call,  the  drowning  man,  now  almost 
unconncious,  was  lifted  on  to  the  deck  of  the 
lighter.    Here  he  soon  revived  and  was  able 
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to  give  his  name  and  also  the  name  of  the 
vessel  from  which  he  fell  into  the  river. 
The  policeman  attributed  the  saving  of  this 
man's  life  solely  to  the  bowline  knot,  as  the 
man  was  too  weak  to  have  held  on  with  his 
hands  until  the  deck  had  been  reached." 

In  Fig.  5  are  illustrated  a  few  methods  of 
applying  slings  and  ropes  to  hooks,  barrels, 
etc,  and  a  few  other  wrinkles  useful  to 
those  engaged  in  workshops.  Should  a  rope 
be  too  long  for  some  temporary  purpose,  do 
not  cut  it,  but  arrange  it  as  at  (a) ;  if  sev- 
eral bights  are  laid  up  to  shorten  the  rope  to 
the  required  length,  pass  the  standing  part 
through  and  over  the  ends  of  all,  and  pull 
tight.  At  (c)  is  shown  how  a  sling  or  strap 
should  be  applied  to  a  hook  when  the  roi)e 
spreads  away  to  its  load  ;  this  hitch  prevents 
the  sling  from  slipping  in  the  hook  in  case 
the  load  comes  in  contact  with  some  obstruc- 
tion while  being  hoisted.  At  (6)  and  (d) 
is  shown  how  a  smaller  rope  should  be 
secured  to  one  of  greater  diameter.  The 
Black  wall  hitch  is  illustrated  at  («) ;  except 
for  very  light  loads,  this  should  be  made  with 

the  end  twice  around 
the   hook   (called    a 
double    hitch),    aa  in 
the  figure ;  experience 
has  proved  that  this  is 
the  safest  way,  since 
with  only   one  torn, 
the  end  is  liable    to 
" creep'*    when    sub- 
iected  to  a  heavy  pall, 
especially   in    damp    weather,    when    the 
moisture  absorbed  by  the  rope  serves  aa  a 
lubricant.    When  a  rope  is  too  long  to  con- 
veniently secure  its  end  to  a  tackle,  a  bight 
of  it  twisted  as  at  (/)  is  very  handy  and 
useful ;  to  make  this  hitch,  commonly  called 
a  caVs  paw,  take  hold  of  the  rope  with  both 
hands  at  places  about  two  feet  apart  and 
twist  it  two  or  three  times  either  way  ;  then 
apply  the  ends  of  the  loops  thus  made  to  the 
hook ;  the  twisting  prevents  the  rope  from 
becoming  jammed,  and  the  hitch  is  Teiy 
easily  undone.    At  (g)  is   shown  a  timber 
hitch,  so  simple  that  explanations  are  un- 
necessary.   At  (h)  is  shown  how  to  apply  a 
rope  to  a  barrel  or  similar  vessel  when,  for 
some  reason  or  other,  it  is  desired  to  hoist  it 
in  a  vertical  position.     At   (ib)   is  shown 
what  is  known  as  a  parbuckle;  this  hitch 
is  used  for  raising  a  heavy  cask  or  shnilar 
load  with  a  single  length  of  rope.      The 
illustrations   that  are   here   given    explun 
the  last  two  hitches  much  better  than  can 
be  done  ifi  words. 
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MACHINE  designing  is  a  profession,  and 
as  such  involves  certain  attainments, 
mental  and  otherwise,  distinctly  its 
own.    Bat  it  is  not  represented  **  offidaJly," 
80  to  speak,  in  the  long  list  of  professions 
that  have  branched  from  the  parent  stem  of 
engineering,  neither  do  our  colleges  confer 
degrees  on  those  who  make  machine  design- 
ing their  special  study.   True,  the  mechanical 
engineer — the  M.  E. — is  supposed  to  know 
something  in  a  general  way  about  machinery, 
but  he  may  or  may  not  be  a  machine  designer ; 
his  title,  therefore,  is  not  sufficiently  distinct- 
ive to  be  applied  to  the  machine  designer, 
neither  does  it  cover  all  the  ground,  because 
machine  designing  forms  a  part  of  every 
other  branch  of  the  engineering  profession, 
and  the  mechanical  engineer  is  little  less 
dependent  on  the  machine  designer  proper 
than  is  the  civil  or  the  mining  engineer,  the 
steam  or  the  electrical  engineer,  the  millman 
or  the  metallurgist,  the  chemist  or  the  tech- 
nologist.   In  view  of  these  facts  and  the 
consequent   steady  demand  for  competent 
designers,  it  is  more  than  surprising  that 
machine  designing  is  not  recognized  as  a 
profession  by  itself,  that  it  is  looked  on  by 
many  of  the  diplomaed  members  of  the 
engineering  profession — the  M.  E.'s,  E.  E.'s, 
C.  E/s,  and  so  forth — as  a  sort  of  "handi- 
craft" indispensable,  may  be,  as  an  ally,  yet 
by  no  means  entitled  to  be  placed  on  a  par 
with    their   own   scientific    calling.    Good 
machine  designers   can    stand    the  slight ; 
they  experience  no  difficulty  in  holding  their 
own.     The  most  regrettable  thing  about  it  is 
that,  on  account  of  the  meager  appreciation 
from  the  other  branches  of  the  profession, 
the  needs  of  the  future  machine  designer  are 
not  fitly  provided  for  at  our  colleges  and 
technical   schools,  and   that,  in  the  large 
workshops  and 'engineering  establishments 
of  our  country,  few  facihties  are  offered  for 
the  development   of  competent  designers. 
The  road  that  the  would-be  designer  has  to 
travel  in  order  to  gain  his  end  is  therefore  a 
hard  and  laborious  one,  and  its  difficulties 
have  turned  aside  many  a  young  man  who, 
by  his  talent  and  scientific  knowledge,  was 


eminently  fitted  for  the  profession.  Good 
machine  designers  are,  therefore,  compara- 
tively rare,  as  any  one  who  has  ever  had 
need  of  their  services  will  admit.  This  may 
strike  many  as  a  rather  bold  statement,  in 
face  of  the  fact  that  American  machinery  is 
finding  its  way  everywhere  and  that  Ameri- 
can designs  are  unsurpassed. 

But  there  are  two  ways  of  designing 
machinery ;  one  we  will  call  the  method  of 
evolution,  and  the  other  the  synihedc  method 
(which  means  "  a  method  of  deducting  con- 
sequences from  general  principles").  The 
first  is  the  older  and  formerly  the  only 
possible  method,  but  it  is  still  pursued  by 
the  majority  of  machine  builders  ;  it  is  the 
cut-and-try  method,  by  which  an  idea  is 
evolved,  first  in  a  crude  way,  and  brought 
to  final  perfection  by  slow  degrees,  step 
by  step,  through  years  of  experimenting,  by 
altering  and  adding  and  changing  about. 
In  this  manner  most  of  the  wonderful  labor- 
saving  machinery  has  been  evolved.  That 
this  is  a  slow  and  expensive  process  no  one 
will  deny.  It  will  also  be  apparent  that  to 
a  certain  extent  any  new  machine  or  device 
will  have  to  go  through  an  evolution  of  this 
sort.  But,  with  the  enormous  amount  of 
experience  that  has  been  had  during  the 
last  fifty  years,  it  should  be  possible,  and  is 
possible,  to  at  once  produce  a  machine  that 
will  do  the  work  required  of  it  to  a  reason- 
able degree  of  perfection,  so  long  as  the 
principles  involved  in  its  construction  are 
not  beyond  what  are  well  known.  This  is 
what  constitutes  the  other  method — the 
synthetic.  That  it  is  not  followed  to  as 
great  an  extent  as  might  be  expected  is  evi- 
denced by  the  fact,  well  known  to  the  pub- 
lic in  general,  that,  in  the  line  of  machinery, 
it  is  next  to  impossible  to  have  anything 
new  built  without  the  expenditure  of  an 
enormously  disproportionate  amount  of  time 
and  money.  This  expenditure  has  long 
been  accepted  as  a  necessary  evil,  and  is 
naturally  ascribed  to  greed,  almost  border- 
ing on  dishonesty,  on  the  part  of  machine 
builders,  which,  however,  is  only  partially 
true,   it  being  a  fact  that  in  spite  of  the 
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enormous  prices  asked  and  paid  for  special 
work,  machine  builders  actually  do  not  as  a 
rule  find  it  profitable  to  execute  it — to  do  a 
general  machine  business,  as  the  saying  goes 
— but  prefer  to  manufacture  some  specialty. 
The  seeming  contradiction  presented  by 
these  fEicts  is  explained  by  the  method  of 
design  employed  :  When,  in  order  to  obtain 
one  perfect  machine,  it  is  necessary  to  build 
six  machines,  each  a  little  nearer  perfection 
than  its  predecessor,  it  is  not  to  be  wondered 
at  that  the  aggregate  cost  of  the  job,  and 
therefore  the  price  asked  by  the  manu- 
facturer, is  about  six  times  too  great.  But, 
if  there  is  such  a  thing  as  machine  design- 
ing, have  not  the  public  a  right  to  expect 
that  a  problem  shall  be  solved  *'  first  shot/' 
the  same  as  it  is  in  bridge  designing  ?  What 
should  we  think  of  the  civil  engineer  who 
had  to  span  a  river  half  a  dozen  times  before 
getting  the  final  and  satisfactory  bridge? 
No  wonder  our  brethren  of  the  other 
branches  cry  down  our  designing  as  empty 
guesswork.  As  a  further  proof  of  the  above 
assertions,  it  will  be  shown  later  that  not  a 
few  of  our  best  and  most  admired  machines 
bear  still  the  distinct  earmarks  of  the  evolu- 
tionary process. 

This  state  of  affairs  is  due  to  the  scarcity  of 
competent  designers.  Some  of  the  larger 
.  machine-building  concerns  realize  this,  and 
have  among  their  highest-salaried  employes 
a  number  of  designers,  quite  distinct  from 
the  ordinary  drafting  force.  Some  call  them 
their  consulting  engineers,  some  their  invent- 
ors, following  in  this  respect  the  example  of 
Thos.  A.  Edison,  who  first,  with  more  or  less 
justification,  called  inventing  a  profession ; 
they  themselves  would  most  likely  prefer 
the  name  designer  rather  than  consulting 
engineer,  which  means  everything  and  noth- 
ing, and  rather  too  than  inventor,  which, 
in  spite  of  Edison  and  the  dictionaries, 
carries  with  it  a  notion  of  the  accidental,  or 
of  some  sort  of  ^'mahatma''  inspiration, 
which  is  contrary  to  what  is  acknowledged 
to  be  true,  namely,  that  machine  design  is 
based  on  hard  work,  pure  research,  and  long 
experience. 

In  the  above  paragraph  we  have  spoken  of 
designers  **  quite  distinct  from  the  ordinary 
drafting  force. ' '  We  have  also  stated  that  in 
our  large  shops  few  facilities  are  offered  for  the 
development  of  competent  designers.  These 
two  things  are  closely  connected.  A  greater 
distinction  should  be  made  between  designers 
and  draftsmen  by  all  parties  concerned,  be  it 
manager,  engineer,  or  mechanic.  On  the  part 
of  the  employer  it  is  unreasonable  to  expect 


a  man  to  whom  he  pays  a  draftsman's  salary 
to  be  at  once  a  designer ;  on  the  part  of  the 
mechanical  engineer  it  is  a  case  of  ''sour 
grapes"  if  he  £ul8  to  make  such  distinction 
and  to  recognize  the  designer  as  his  equal ; 
on  the  part  of  the  artisan  and  mechanic  it  is 
a  case  of  a  long-nourished  grudge— only  too 
well  founded  in  many  cases — against  every 
one  connected  with  the  drafting  room,  which 
dims  his  sense  of  distinction,  and  prevents 
him  from  recognizing  in  the  designer  his 
best  friend  and  ally. 

We  ask  to  be  allowed  to  dwell  on  the  sub- 
ject of  the  grudge  just  mentioned,  albeit  an 
old  story. 

At  the  peril  of  engendering  the  wrath  of 
the  shop  foreman  or  superintendent,  let  it  be 
stated  that  the  drafting  room  ought  to  be  the 
fountain  head  of  the  machine  shop ;  it  should 
have  more  to  say  than  it  generally  has,  and 
its  rulings  should  be  final — always  under  the 
strict  understanding,  however,  that  it  is  com- 
petent to  exert  such  authority.    A  gang  of 
mere  draftsmen  alone  will  not  do.    We  can- 
not  blame   the    practical    machinist — who 
knows  his  business,  and  from  whose  ranks 
have  risen,  by  hard  struggle,  our  most  suc- 
cessful machine  designers— rwhen  he  moet 
strenuously  objects  to  the  blunders  of  the 
young  college-graduate  M.  E.,  especially  if 
the  latter,  conscious  of  possessing  sound  and 
superior  knowledge,  shows  a  certain  amoant 
of,  albeit  pardonable,  conceit;  or  to  being 
advised  so  and  so  by  the  former  office  boy, 
who  grew  to  be  a  mefnber  of  the  drafting 
force  from  numbering  and  filing  drawings, 
and  making  blueprints ;  or  even  to  abiding 
by  the  judgment  of  his  fotmer  associate  in 
the  machine  shop,  who  has  in  some   way 
mastered  the  noble  art  of  mechanical  draw- 
ing and  no  more  ;  not  to  speak  of  the  many 
other  types  of  so-called  mechanical  drafts- 
men, the  **me-toos,"  who,  after  many  ship- 
wrecks in  life,  have  taken  to  drafting — or, 
better,  to  tracing  lines — as  a  congenial  and 
easy  way  of  making  a  scant  living.     Such 
men,  the  young   graduate  not   excepted — 
though  we  are  sorry  to  have  placed  him  for 
the  time  being  in  company  with  those  that 
in    his  judgment  are  doubtless  inferior  to 
himself — should  not  be  allowed  to  assume 
authority  over  the  man  of  the  shop.     It  is  a 
humiliation  to  the  latter  that  he  cannot  be 
expected  to  bear.    AVe  will  assume  that,  as 
in  every  high-class  drafting  room,  the  force 
is  presided  over  by  an  able  chief,  assisted 
by  one  or  two  competent  designers,  and  that 
as  is  usual  the  former  transmits  the  orders 
from  the  drafting  room  to  the  shop.      If  the 
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chief  18  the  right  man  in  the  right  place, 
there  will  be  no  antagonism  between  the 
departments. 

The  above  seeming   deviation  from  our 
sabject  nevertheless  brings  us  right  back  to 
it ;  for  it  is  upon  the  character  of  the  rela- 
tion between  drafting  room  and  shop  (people 
more  fond  of  scientifically  expressing  them- 
selves would  say  between  theory  and  practice) 
that  depend  the  facilities  offered  by  a  con- 
cern for  the  development  of  machine  design- 
ers.  Shutting  off  all  communication  between 
drafting  room  and  shop,  save  the  legitimate 
channel  through  the  chief,  must  effectually 
deprive  the  draftsman  of  all  means  of  devel- 
opment as  a  designer ;  on  the  other  hand, 
too   free    a    conmiunication   produces   the 
grudge  already  referred  to.    A  system  that 
is  successfully  employed  by  a  Brooklyn  con- 
cern, and  gives  the  draftsman  opportunity 
to  learn,  is  a  great  help  to  the  draftsman, 
increases  the  efficiency  of  the  department, 
and,  last  but  not  least,  is  not  apt  to  disturb 
the  peaceful  relations  between  the  drafting 
room  and  the  shop,  is  as  follows :  An  order 
having  been  passed  in  from  the  office,  it  is 
assigned  by  the  chief  to  one  of  the  designers, 
who  selects  one  or  two  of  the  draftsmen. 
The  plan  to  be  followed  having  been  out- 
lined and  determined  by  the  designer,  it  is 
carried  out  in  detail  by  the  draftsman,  under 
the  sapervision  of  the  former.    All  drawings 
bear  the  signatures  of  the  chief,  the  designer, 
and  the  draftsman,  as  such^  before  they  are 
sent  into  the  shop.    The  responsibility  is 
thus  clearly  apportioned.    The  draftsman, 
being  the  lowest-salaried  man  in  the  combi- 
nation identified  with  the  job,  is  detailed  to 
the  shop,  and  charged  with  the  following  up 
of  the  work  as  it  proceeds,  reporting  any 
trouble  that  may  arise.    To  be  sure,  he  is 
quickly    made    acquainted    with    whatever 
blunders  he  may  himself  have  committed 
as  draftsman  ;  he  also  hears  the  mechanic's 
criticisni  on  the  design  of  his  superior,  and, 
reporting  this,  hears  the  latter' s  refutation 
or  approval.    He  has  helped  to  build   the 
machine  in  theory,  that  is,  on  paper,  and  he 
sees  it  take  actual  form ;  he  realizes  the  diffi- 
culties attending  the  making  of  the  various 
parts,  forms  ideas  as  to  time  and  expense — 
in  short,  learns  a  lesson  of  great  value  to 
himself  as  well  as  to  his  employer,  and  a  few 
years  of  such  practical  instruction  are  apt  to 
make  him  a  pretty  fair  designer. 

In  thus  reconmiending  a  plan  to  be  fol- 
lowed by  a  machine-building  concern  that 
is  willing  to  offer  advantages  to  their  drafts- 
men, it  is  intended  to  indicate  the  course  to 


be  pursued  by  the  man  who  wishes  to  become 
a  successful  designer,  rather  than  to.  give 
points  to  chiefis  and  managers,  as  in  most 
caees  the  would-be  machine  designer  will 
have  to  gain  his  end  by  his  own  individual 
efforts.  The  series  of  articles  here  begun  is 
meant  to  aid  him  in  these  efforts. 

In  the  above,  speaking  of  drafting-room 
practice,  we  have  tacitly  assumed  that  the 
position  from  which  a  designer  starts  on  his 
career  is  that  of  draftsman.  This  assump- 
tion is  correct.  Drawings  are  the  language 
of  the  designer,  and  he  must  be  a  good 
mechanical  draftsman  first  of  all.  Where 
and  in  what  manner  his  proficiency  in  the 
art  has  been  acquired  is  quite  immaterial ; 
the  college  graduate  stands  no  better  show 
than  the  machinist  draftsman.  Next,  what 
has  been  said  points  decidedly  to  the  advan- 
tage of  gaining  experience  by  shop  practice. 
In  this  respect  the  machinist  has  somewhat 
the  advantage  over  the  college  M.  E.  He 
has,  no  doubt,  by  long  association  with  the 
methods  of  the  shop,  gained  a  valuable  and 
perfect  understanding  as  to  the  best  ways  for  the 
mechanical  execution  of  work,  the  capacities  of 
the  various  machine  tools,  and  so  forth.  The 
information  of  this  nature  that  is  imparted 
to  the  student  of  mechanical  engineering  in 
our  technical  collies,  equipped  with  more 
or  less  extensive  workshops,  can  at  best  be 
but  fragmentary,  and  must  be  regarded  as  a 
meager  substitute  for  actual  training  in  the 
commercial  workshop.  Not  that  we  wish  to 
run  down  this  part  of  the  college  training  ; 
on  the  contrary,  the  maintenance  and  con- 
stant improvement  of  these  college  work- 
shops deserve  fervent  approval,  especially 
in  view  of  the  difficulty  young  men  experi- 
ence in  gaining  admission,  as  apprentices,  to 
large  establishments,  and  even  if  admitted, 
the  difficulty  of  learning  much  within  a 
reasonable  length  of  time — there  being  no 
one  to  teach  them.  The  student  who  is  for- 
tunate enough  to  secure  the  position  of 
apprentice  under  a  master  who  understands 
his  object  and  is  sufficiently  liberal  to  help 
him  gain  it,  should  eagerly  grasp  and  improve 
every  opportunity  to  learn,  as  being  of  inesti- 
mable value  to  him  in  bis  future  career  as  a 
designer. 

We  have  emphasized  by  italics  in  the 
above  paragraph  the  words  "perfect  under- 
standing as  to  the  best  ways  for  the  mechani- 
cal execution  of  work."  We  did  so  because 
in  the  main  this  is  all  (though  forming  a 
goodly  portion  of  the  total  sum  of  attainment 
needfbl  to  make  a  designer)  that  an  appren- 
ticeship can  give  him,  and  is  all  that  he  need 
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strive  for  while  serving  it  The  acquisition 
of  superior  dexterity  in  handicraft,  forging, 
filing,  turning,  pattemmaking,  molding,  etc. 
is  not  necessary.  The  designer's  handicraft 
is  drafting. 

Again,  long  association  with  shop  work 
alone  does  not,  strange  as  this  may  at  first 
seem,  help  to  impart  to  the  would-he  designer 
those  notions  of  combinations,  shapes,  and 
dimensions  that  constitute  his  needful  experi- 
ence. This  being  a  matter  of  considerable 
importance,  it  is  well  to  more  fully  explain  : 
Suppose  a  machinist  has  worked  for  a  con- 
siderable length  of  time  in  a  shop  where 
machines  of  a  certain  class  are  made;  he 
will  probably  know  all  the  parts  of  these 
machines,  their  shapes,  their  dimensions, 
their  functions  in  the  combination,  and,  as 
the  machines  work  well,  will  consider  them 
patterns  after  which  pieces  in  similar  com- 
binations should  be  modeled.  This  is 
dangerous,  so  long  as  it  is  taken  for  granted 
that  the  pattern  is  right  without  a  full  under- 
standing why.  It  leads  to  those  thoughtless 
methods  of  designing  machinery  by  empir- 
ical rules  and  formulas,  by  proportional 
scales,  by  units — ^methods  almost  universally 
practiced  and  taught  in  our  colleges  as 
** machine  design''  to  such  an  extent  as  to 
make  machine  designing  appear  a  mere 
matter  of  routine.  The  designer  must  look 
at  every  perfect  piece  of  machinery  as  suit- 
ably shaped  and  proportioned  in  that  one 


and  particular  case  alone,  and  must  deto^- 
mine  by  careful  consideration  and  investiga- 
tion whether  it  is  admissible  to  just  multiply 
the  dimensions  of  any  piece  by  a  factor  to 
make  it  fit  another  case,  even  though  a  simi- 
lar one.  We  shall  in  due  time  revert  to  this 
matter,  and  indicate  the  limits  within  which 
the  methods  characterized  above  areusefbl 
and  justifiable. 

Existing  designs  cannot  rightly  serve 
except  as  examples  or  suggestions,  but 
familiarity  with  them  as  such  (and  the  more 
of  them  the  better)  constitutes  the  practical 
experience  of  the  designer — part  of  his  stock 
in  trade,  so  to  speak.  It  is  evident  that  the 
machinist-draftsman  has  had  more  oppor- 
tunities to  gain  such  experience  than  the 
college  graduate,  but  if  he  has  grafted  on  his 
memory  existing  forms,  dimensions  and 
combinations,  without  regard  to  the  prevail- 
ing circumstances  and  conditions,  this  experi- 
ence will  avail  him  little ;  he  must  be  able  to 
sift  all  this  material,  and  to  do  this  he  most 
have  theoretical  knowledge  of  the  underlying 
principles.  The  college  graduate,  with  this 
requisite  knowledge  at  his  command,  has 
thus  a  decided  advantage ;  his  difficulty  will 
be  to  accumulate  practical  experience ;  he 
will  have  to  concentrate  his  energies  on  obser- 
vation and  on  the  analyzing  of  existing 
designs,  while  the  machinist-draftsman  will 
first  of  all  have  to  sit  down  and  study.  The 
road  is  as  hard  for  the  one  as  for  the  other. 
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FrmNG  IN  Taper  Pins — Overdriving  Them — Judgment  in  Making  Press  Fits — Forcing 

IN  Side-Rod  and  Other  Bushes — ^The  Nervous  Workman. 


ONCE  upon  a  time  a  gentleman  named 
Robert  Bruce  had  a  little  family  quar- 
rel, the  other  party  to  the  dispute 
rejoicing  in  the  name  of  the  "  Red  Comyn." 
In  those  days,  when  men  fought  to  kill  time 
— and  each  other — quarrels  were  plentiful, 
there  being  nothing  much  else  to  do ;  and 
these  little  bickerings  generally  ended  dis- 
astrously for  all  concerned.  The  quarrel  in 
question  came  to  a  crisis  in  a  church,  of  all 
places,  Bruce  exercising  himself  on  his  rela- 
tive with  a  sword.  On  coming  out  of  the 
edifice,  he  naturally  looked  a  little  perturbed 
(though  it  took  a  good  deal  of  this  sort  of 


thing  to  upset  a  man's  equanimity  in  those 
days),  and  a  friend  asking  him  what  was 
amiss,  he  replied,  ''I  doubt  that  I  have 
slain  the  Red  Comyn."  "Well,"  repUed 
his  Mend,  **I41  mak  sicker.**  And  forth- 
with he  rushed  in  and,  with  the  aid  of  a 
businesslike  dagger,  put  the  matter  beyond 
all  doubt. 

The  writer  read  this  story  thirty  years 
ago,  but  remembers  it  distinctly  now,  the 
pains  that  the  third  party  took  to  make  sure, 
being  rather  striking — literally  so  for  the 
Red  Comyn,  Now,  there  is  a  lot  of  thiB 
"making  sure'*  at  the  present  day  in  the 
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iron  trades,  in  both  shop  and  office.  We 
will  take  the  latter  first,  choosing  a  detail, 
and  a  small  one  at  that,  to  begin  with, 
namely,  the  motion  pins  of  a  locomotive 
engine.  In  American  practice  the  eccentric 
rods  and  rocker-pins  are  in  reaUty  bolts, 
with  heads  and  nuts  as  ordinarily.  In 
Eorope  it  is  customary  to  support  the  link 
by  hangers  on  either  side ;  not  only  so,  but 


the  valve-stem  centers  are  brought  pretty 
close  together,  so  as  to  get  larger  cylinders 
in.   Now,  this  necessitates  a  8€f  in  the  valve- 
stem  guide,  and  to  keep  down  this  set  the 
eccentric  rods   are   made   practically  flush 
with    the   eccentric-rod  jaw,  as  shown  in 
Fig.  1,  the  link-block  pin  being  also  flush 
with  the  jaw  of  the  valve-spindle  guide ; 
thus  the  hangers  can  be  set  closer  in  and  the 
links  kept  closer  together.    The  pin  P  is 
''lapped''  in,  and  the  holes  p  drilled  and 
reamed   in    place,  the   hole   being   halved 
between  the  pin  and  the  eye.    Now,  if  the 
pins  p  are  fitted  in  properly,  there  need  be 
no  fear  of  their  coming 
out;  on  the  contrary, 
they  are  one  of  the  most 
troublesome  things  to  gtt 
out    when   stripping   an 
engine.    The  very  slight 
taper  that  they  have  has 
much  to  do  with  this,  and 
also  the  fact  that  nervous 
engineers  (who,  not  being 
mechanics,  cannot  be  ex- 
pected to  know  how  tight 
to  make  such  things)  often  knock  these  pins 
down  with  a  coal  pick,  ''  to  make  sure."     It 
would    be   fair  retribution  to  make  these 
men  knock  them  out  again.     But  we  shall 
allude  to  this  later. 

Engine  runners  are  not  the  only  trans- 
gressors in  the  matter  of  overcaution.  The 
designer,  who,  we  will  assume,  has  had  no 


shop  experience  of  any  real  value  (as  is  the 
case  with  the  majority),  not  knowing  the 
holding  power  and  reliability  of  a  properly 
fitted  taper  pin,  goes  a  step  forther  and 
makes  it  a  split  one  also.  Now,  taper  split 
pins  are  all  right  for  crank-pin  washers,  for 
we  know  that  crank-pins  undergo  constant 
shocks,  great  and  small,  to  say  nothing  of 
their  swinging  around  in  a  2- foot  circle  from 
five  to  six  times  a  second.  And  here  comes 
in  another  point,  seemingly  insignificant 
and  often  neglected ;  we  allude  to  press- 
ing the  crank-pins  in  so  that  in  revolv- 
ing, the  small  end  of  the  taper  pin  shall 
lead,  arranging  them  as  in  Fig.  2,  and 
not  as  in  Fig.  3.  In  Fig.  2,  centrifugal  force 
is  all  the  time  tending  to  tighten  the  pin  ;  in 
Fig.  3,  it  is  tending  to  loosen  it — to  throw  it 
out.  Now,  the  effect  may  be  slight,  but 
we  hold  strongly  to  the  following  maxim: 
Where  there  are  two  courses  open  to  the 
designer,  the  one  a  Uttle  more  advantageous 
than  the  other,  choose  that  one,  no  matter 
how  small  its  advantage  may  be.  In  the 
present  case,  for  instance,  we  have  a  certain 
amount  of  centrifugal  force  due  to  the  weight 
and  motion  of  the  pin,  and  we  can  arrange 
things  so  that  this  force  tends  either  to 
loosen  the  pin  or  to  tighten  it ;  we  ought  to 
immediately  choose  the  latter,  even  though 
the  advantage  be  but  microscopic,  and  note 
the  drawing  to  that  effect.  We  contend 
that  this  seizing  and  making  use  of  small 
advantages  that  already  exist  and  are  not  of 
our  own  making,  should  be  encouraged,  and 
by  no  means  classed  with  those  efforts  ''to 
make  sure,"  which  are  the  offspring  of  ner- 
vousness and  ignorance.  In  the  majority 
of  cases,  the  taper  pin  is  set  at  right  angles 
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Fig.  2. 


FiG/3. 

to  the  crank  ;  we  will  not  now  discuss  this 
point,  merely  remarking  that  we  prefer  the 
arrangement  shown  in  Fig.  2. 

As  an  illustration  of  overdoing  a  thing,  we 
quote  a  case  where  the  designer  was  evidently 
impressed  with  the  value  of  "draft"  in 
keying  up ;  he,  forsooth,  went  to  work  and 
put  draft  on  a  taper  pin.    He  knew  it  was 
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neceesary  to  keep  the  pin  fast  in  the  jaw,  so 
he  made  his  drawing  as  in  Fig.  4.  As  to 
how  the  draft  would  be  put  in,  in  the  shop, 
he  neither  knew  nor  cared — perhaps  thought 
they  would  file  it.  We  don't  know  how 
they  did  it  (extremely  probable  they  for- 
got to  do  it),  but  should  think  the  only  way 
would  be  to  fit  the  pin  in  the  usual 
manner  and  afterwards  use  a  safe-back 
reamer  of  section  shown  at  if,  and  thus 


Fig.  4. 

work  out  the  metal  as  called  for.  This 
design  struck  the  writer  as  being  a  very 
amusing  refinement.  The  designer  evidently 
had  in  mind  that  if  the  pin  got  loose,  this 
draft  would  enable  the  engineer  to  tighten 
it  up  again,  but  he  defeated  his  own  ends  to 
a  great  extent,  for  removing  the  metal  at  a 
and  a  relieves  the  pressure  on  opposite  parts 
of  the  pin,  and  thus  less  holding  power  is 
obtained  than  if  the  pin  were  ** solid'* 
throughout  its  depth. 

It  has  been  said  above  that  engine  runners 
sometimes  drive  these  pins  in  too  tight ;  that 
is  one  of  the  things  that  shopmen  have  to  put 
up  with.  When  stripping  an  engine,  the 
writer  has  often  found  it  impossible  to  get 
these  taper  pins  out,  especially  when  split- 
in  which  case  there  is  nothing  solid  to  hit  at ; 
and  when  they  are  solid,  the  more  you  ham- 
mer them  the  more  you  upset  the  end,  which 
makes  matters  worse.  Often,  after  ruining 
every  punch  we  could  beg,  borrow,  or  steal, 
we  have  at  last  had  to  get  a  flogging  hammer 
and  drive  the  motion  pin  itself  out  bodily 
through  the  jaw,  shearing  off  both  taper 
pins.  We  can  see  the  look  of  horror  on 
some  of  our  readers'  faces  at  the  mention  of 
such  sacrilege ;  but  if  they  had  been  in  a 
rushing  shop,  where  one  fitter  had  not  only 
to  get  an  engine  ready  for  lifting,  but  strip 
her  entirely,  and  no  excuse  taken  for  being 
long  about  it,  they  would  have  done  as  we 
did  ;  if  anything  got  sprung  or  bent — well, 
that  was  left  to  the  bench  fitters,  whose  duty 
it  was  to  send  things  back  ready  to  go  up. 

Speaking  of  driving  in  the  pins  too  tight 
brings  us  to  that  part  of  the  fitter's  pro- 
fessional equipment  which  may  be  called 
sense  of  touch;   this  comes  to  one  in  time. 


A  taper  pin,  properly  fitted,  needs  but  little 
driving  home.  There  is  no  need  to  swing 
your  hammer  over  your  shoulder  until  it 
reaches  the  small  of  your  back  ;  a  4-inch  lift 
will  do.  It  is  hard  to  tell  in  words  just  how 
to  drive  these  pins,  and  it  may  seem  a  small 
matter  at  most,  but  erecting-shop  and  round- 
house men  will  appreciate  the  spirit  in  which 
these  remarks  are  made — they  have  to  get 
the  pins  out  again. 

The  sense  of  feeling — the  ability  to  judge 
how  tight  to  make  a  certain  detail — is  con- 
stantly being  called  into  requisition,  in  key- 
ing up  crossheads,  for  instance.  Who  has 
not  seen  the  green  hand  banging  away  at  a 
cotter  for  all  he  was  worth  long  after  the 
thing  had  been  drawn  up  solid?  He  is  put- 
ting a  new  end  on  a  piston  rod,  and  is  keying 
it  up  on  the  bench ;  the  rod  is  designed  to 
bottom  in  the  croeshead,  as  it  ought  to. 
Now,  a  man  who  is  not  altogether  without 
the  making  of  a  machinist  can  discriminate 
at  once  between  the  resistance  due  to  the 
conical  fit  and  that  offered  when  the  rod  is 
''home."  There  is  a  solid  feel  about  it  in 
the  latter  case  that  there  should  be  no  mis- 
taking— unless  the  man  has  mistaken  his 
vocation.  The  writer  once  derived  not  a  lit- 
tle amusement  from  watching  a  brawny 
apprentice  (in  his  last  year,  too)  using  his 
lead  maul  with  more  strength  than  discre- 
tion.  After  about  a  dozen  *  *  try-ons ' '  the  rod 
at  last  bottomed,  but  he  knew  it  not,  and 
when  he  knocked  his  cotter  out  it  was  some- 
what as  in  Fig.  5 ;  the  joke  of  it  was  he 
could  not  make  out  the  cause.  It  is  easy 
to  get  a  cotter  4  inch  hollow  this  way. 

There  are  many  other  cases  where  acainite 
sense  of  touch  is  required— in  knocking  down 
axle  brasses,  for  instance.    The  old  style  of 
octagonal  brasses,  in  which  both  brass  and 
box  were  fitted  up  out  of  the  black,  is  out  of 
date ;  instead,  the  box  is  bored  out  &nd  the 
brass  turned  up  and    pressed   in 
sideways,  by  air  or  hydrauhc  pres- 
sure.   As  regards  saving  of  time 
and  expense,  and  getting  a  better 
job,  this  is,  in  our  opinion,  one  of 
the   greatest   improvements    ever 
made  in  locomotive  construction, 
provided  the  lower  edges  of  the    p^^,  5 
brass  are  cut  at  an  angle  to  keep  it 
from  closing  in  under  wear  and  presEure. 
Sometimes  the  brass  is  cast  solid  in  the  box, 
or  rather,  to  be  exact,  the  box  is  cast  around 
the  brass ;  it  then  has  flanges,  and  when  the 
brass  is  worn  out  the  box  is  broken  up  and 
melted.    The  writer  at  one  time  worked  in  a 
shop  where  this  style  of  box  was  used,  and 
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remembers  being  puzzled  for  a  minute  as  to 
how  the  thing  was  got  in — somewhat  as 
King  George  III  was  over  the  apple  in  the 
dumpling. 

A  misplaced  and  thoughtless  exertion  of 
brute  force  is  often  seen,  too,  in  putting  in 
Bide-rod  bushes.  It  is  astonishing  how  some 
men,  good  workmen,  too,  seem  to  lack 
judgment  in  this  matter.  Simply  another 
instance  of  following  up  an  idea  too  far — of 
overdoing  it,  in  fact.  They  think  that 
because  a  bush  requires  to  be  tight,  the 
tighter  it  is  the  better.  Now,  a  bush  can  but 
be  tight;  after  that  is  reached  you  are 
merely  going  to  close  the  bush  in  or  else 
spring  the  eye.  Anyway,  we  opine  that 
many  a  rod  has  failed  in  the  eye,  owing  to 
the  bush  being  put  in  too  tight.  The  only 
thing  to  do  is  to  put  them  in  in  a  press,  and 
if  they  show  signs  of  acquiring  much  more 
than  the  legitimate  pressure  (10  tons  is 
ample)  take  them  out  again.  We  have  seen 
bushes  put  in,  under  the  screw  press,  danger- 
ously tight ;  the  workman  gets  the  bush  in 
about  three-fourths  of  the  way  and  then 
rather  than  take  it  out  again  ''makes  her 
go** — putting  quite  a  strain  on  the  rod  end 
(an  especially  undesirable  thing  if  the  latter 
has  been  case-hardened)  and  closing  his  bush 
in  so  that  he  has  less  play  in  the  pin  than  he 
allowed  for.  Sometimes  these  rod  ends  wear 
a  little  laiige  one  way,  especially  where  there 
has  been  a  loose  bush.  Then,  instead  of 
boring  it  out,  or  lapping  it,  if  hardened,  or 
filing  up  the  brass,  he  simply  puts  the  latter 
in  as  turned,  and  relies  on  an  extra-tight  fit 
to  make  the  bush  fill  the  hole. 

In  regard  to  fitting  operations,  putting 
brasses  in  axle  boxes,  fitting  in  piston-rod 
ends,  main-  and  side-rod  brasses,  etc.,  it  is 
interesting  to  note  how  the  temperaments  of 
different  men  assert  themselves.  Take  two 
men,  B  and  0,  for  instance :  B  makes  all 
his  gauges  *'  full,"  for  the  planer  or  shaper ; 
he  hasn't  enough  confidence  in  himself, 
can' t  trust  his  calipers — ^likes  to  *  *  make  sure ' ' 
that  he  will  have  enough  stuff  to  work  on,  so 
he  leaves  his  gauge  full ;  if  he  is  doing  his 
own  machine  work,  as  is  sometimes  the  case 
in  small  shops,  be  is  equally  cautious.  The 
result  is,  he  has  a  terrible  lot  of  filing  to  do. 
C,  on  the  other  hand,  works  pretty  close  to 
size,  especially  if  he  knows  his  man.  If  he 
is  doing  his  own  machining,  he  works  equally 
close,  the  result  being  that  he  can  take  his 
big-end  brass,  say,  out  of  the  machine  and 
shove  it  half  way  down  the  strap  first  time. 
B  has  to  do  a  lot  of  filing  on  the  flanges  and 
two  faces  before  the  thing  will  enter  at  all. 


Or,  again,  suppose  the  piston  rod  has  been 
reended  and  is  being  turned  up  ready  for  fit- 
ting in  the  crosshead.  B  will  leave  his  too 
big,  and  it  won't  go  home  at  the  first  driving 
within  I  inch.  C  will  get  his  taper  carefully, 
noting  whether  his  crosshead  fit  is  at  all  hol- 
low, and  then  go  ahead,  and  when  done  will 
drive  the  crosshead  within  i  inch  of  home 
the  first  time.  We  do  not  recommend  having 
much  less  than  i  inch  at  the  first  driving ; 
we  should  leave  this  much  for  getting  a 
good  bearing  and  for  pulling  up  with  the 
cotter.  (We  are  not  dealing  with  "ground 
fits"  just  now.) 

Even  if  you  start  the  two  men  on  equal 
terms,  C  will  "try  on'*  only  about  half  as 
often  as  B,  with  the  result  that  his  axle 
brass  (if  that  is  the  job)  will  be  a  tighter  fit 
when  finished,  for  most  of  the  trying  on  is 
done  when  the  brass  is  nearly  home,  and 
every  time  the  braes  is  knocked  in  and  out 
the  slacker  it  gets  on  the  gripping  faces, 
and  by  the  time  B  has  got  his  brass  bedded 
down,  the  holding  power  is  nearly  gone — ^per- 
haps entirely — in  which  case  he  puts  packing 
between  the  collar  and  the  brass  and  lets  it 
go ;  he  knows  it  will  hold  while  being  bored 
out,  and  for  the  rest  he  doesn't  care  so  long 
as  the  erector  passes  it ;  but  all  the  same, 
that  brass  will  be  knocking  in  the  box  before 
a  couple  of  weeks  have  passed.  B,  again,  if 
fitting  in  a  new  reversing-piston  bush  in  a 
Westinghouse  air  pump  (repair  work)  will 
knock  it  in  many  more  times  than  C  would, 
who  in  this,  as  with  other  details,  sees  at  an 
early  stage  just  how  he  stands,  and  goes 
ahead  accordingly.  If,  in  addition,  B  has 
no  sense  of  touch,  he  will  drive  away  too 
hard  and  end  by  jarring  the  bottom  of  the 
bush  off,  or,  like  as  not,  will  leave  the  bush 
so  tight  that  it  closes  in  at  the  top,  where  the 
taper  fit  is,  and  thus  makes  the  pump  slow 
to  get  away  from  the  bottom  of  the  stroke. 
Or,  if  pressing  in  a  new  reversing- valve  bush, 
he  will  be  afraid  to  work  to  his  calipers,  and 
so  "to  make  sure"  of  its  not  being  slack, 
will  leave  it  too  big  and  perhaps  end  by 
cracking  his  cover,  if  not  warned  in  time, 
which  he  won't  be,  as  we  are  assuming  him 
to  be  devoid  of  that  sixth  sense  that  tells 
you  how  much  work  you  can  put  on  to  an 
object  of  given  form  and  material.  Or,  his 
lack  of  confidence  may  assert  itself  differ- 
ently, and  being  afraid  to  put  the  bush  in 
tight  enough  (to  insure  the  proper  steam 
fit)  will  get  it  too  slack,  and  so  when  it  is 
put  on  the  test  rack  he  will  find  that  he  has 
to  knock  it  out  again  and  put  in  another. 

This  matter  of  courage  in  the  shop  is  an 
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intereeting  point.  It  ia  altogether  different 
from  moral  or  pbyeical  courage,  as  under- 
Btood  in  everyday  life.  Somt^timee  a  littie 
atom  of  a  man,  who  is  fVightened  at  his  own 
shadow,  outeideontheptreet,  correepondato 
our  imaginary  friend  C,  while,  on  the  other 
hand,  the  terror  of  the  neighborhood  may 
be  our  friend  B — a  man  who  will  shake  in 
bia  eboee  if  put  on  a  strange  machine,  or  a 
new  job,  or  eet  to  atrip  and  lift  an  engine  by 
bimsetf.  Such  men  can  work  all  right  under 
another  man's  direction  ;  tbey  are  gener- 
ally good  workmen,  bo  far  as  mere  manipu- 
lation of  tools  goee,  but  if  tbey  are  put  on 
a  fresh  job,  only  etightiy  different  from  what 
theyhavebeenueedto,  theygetrattled.  The 
other  claw,  however,  are  often  indifferent 


vise  hands,  but  no  job  comes  amies  to  them— 
laying  out,  t«mplet  making,  machine  and 
engine  breakdowns  and  repairs  of  all  kindf, 
millwrighting,  etc.  In  abort,  they  don't 
like  to  stick  on  tbe  same  job  year  after  year ; 
tbey  prefer  variety,  something  strange  and 
new  every  time.  Theee  men  are  exactly  tbe 
ones  to  make  foremen  of;  the  man  wbo  ia 
merely  a  good  bench  hand  is  no  good  for 
foreman.  Get  bim  used  to  a  job  and  then 
keep  him  there  for  the  rest  of  his  life.  He 
will  give  good  satisfaction — ten  times  at 
mnch  as  the  other  man  would — and  you  will 
get  both  speed  and  quality  out  of  him.  In 
feet,  it  would  be  rather  a  pity  to  waste  a 
good  workman  like  that  by  making  a  foreman 
of  him  ;  he  would  not  be  ao  happy,  either. 


HOW  SHOULD  KEYS  BE  FITTED? 

Cerl  a.  Barlh. 

Sroold  a  Kkv  bb  Pittbd  Top  anu  Bottoh,  on  the  Sides  Only,  ok  All  Arovnd? — Thk 
Best  Shape  Foa  a  Kkv. 


WHAT  a  simple,  every-day  job  it  seems 
to  the  madiinist,  who  has  been 
brought  up  a  certain  way  in  a  certain 
shop,  to  fit  and  drive  a  key  properly.  Of 
course  the  machinist 
knows  all  about  it; 
and  he  is  not  likely  to 
take  kindly  to  any- 
body who  may  happen 
to  suggest  that  thei« 
is  another  wayof  doing 
it  besides  his,  particu- 
larly if  that  new  tnity- 
body  ahould  venture 
to  claim  any  advan- 
tage for  that  other  way. 
If,  however,  our  friend 
gets  around  a  bit 
among  other  abope,  he 
finds  that  there  ia  not 
only  mte  way,  but  a 
number  of  ways,  be- 
sides   his,   or   rather, 

besides  that  of  the  shop  „  , 

in  which  he  served  his 
time.  He  will  alao  diacover,  probably  to  his 
surprise,  that  there  are  few  subjects  in 
mechanics  in  regard  to  which  opinions  differ 
so  much  and  so  widely.  And,  further,  these 
differencea  of  opinion  exist  not  only  among 
machinists,  but  to  a  still  greater  extent 
among  machine  designers    and   engineers, 


who  frequently  get  into  heated  ailments 
about  the  matter. 

The  questions  about  which  the  discussions 
generallyariseareasfollows:  (1)  laatquarf 
key  better  than  a  thai- 
Umi  key?  (2|  Should 
a  key  be  fitted  top  and 
bottom  only,  or  on  tbe 
sides  only,  or  top  and 
bottom  as  well  as  on 
the  aides? 

Let  us  see  whether, 
by  a  cateflil  and   un- 
biased    couaideration 
of  the   most  common 
forma  of  keys  and  the 
various  ways  of  fitting 
them,    we    can     gun 
some  insight  into  the 
manner  inwhicha  key 
performs  its  function 
as  a  driving  link    be- 
tween the  shaft  and  the 
hub  that  it  drivee,  or 
by  which  it  is  driven. 
A  little  thought  will  then  enable  ua  to  defend 
our  present  practice,  if  it  isj;ood,  and  we 
shall  feel  no  hesitation  in  giving  up  our  old 
ideaa  on  the  nibject  when  they  are  shown  to 
be  wrong. 

In  connection  with  all  tbe  accompanying 
illustrations,  we  will  suppioGe  the  sliaA  to' 
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driv«  the  bub  in  the  direction  iudicaMd  by 
the  inside  arrow,  or  the  hub  to  drive  the 
ehaft  in  the  direction  of  the  outside  arrow, 
these  two  different  mippoeitiona  being  in 
every  case  identical  as  regards  the  action  gn 
the  key. 

In  Fig.  1  m  shown  the  »addir,  or  concavf, 
key.      This  appears  U>  be  tiie  only  form 
about     which 
opinions  do  not 
differ,  ae  it  evi- 
d  e  n  1 1  y  drivee 
merely    by  the 
friction  that    it 
^ves  rise  to  be- 
tween   the  sur- 
faces of  the abaft 
and  the  bub. 
For  this  reason 
_                       ita     driving 
fia.  2.                    power    ia    very 
limited,  and  it  ia 
accordiDgty  made  nae  of  only  in  cases  where 
adJQstmenta  between  the  hub  and  the  abaft 
have  to  be  made  after  the  erection  of  the 
machine,  and  when,  at  the  some  time,  the 
slipping  tendency  is  but  a  small  fraction  of 
the  twiating  strength  of  the  shaft.    There 
would  evidently  be  no  advantage  in  having 
this  key  fit  tightly  on  the  sides,  so  far  aa 
driving  power  is  concerned  ;  for,  if  the  fric- 
tion between  it  and  the  shaft  ia  sufficient  to 
prevent  slipping  on  the  curved  surface,  the 
friction  would  also  be  sufficient  to  prevent 
slipping  at  the 
top  surface  of 
the  key  on   its 
seat  in  the  hub. 
The  thickneea  of 
this  form  of  key 
is   evidently   of 
no  consequence, 
and  therefore  it 
is  a   matter   of 
taste    and    con- 
venience only.  

Fig.    2  shows  Fig.  3. 

the  flai    key. 

Though  the  driving  power  of  this  form  oi 
key  is  greatly  increased  by  the  friction  due 
to  the  pressure  between  the  surtocea  of  the 
shaft  and  the  hub,  we  will,  for  the  sake  of 
argument,  neglect  this  and  consider  only  ita 
dirert  driving  power. 

Suppose,  then,  that  the  shaft  drives  the 
bub  in  the  direction  indicated.  It  will  be 
seen  that  points  on  the  flat  aheol  the  shaft, 
to  the  right  of  the  center  b,  will  be  thrust 
hard  against  the  key  ;  whereas,  points  to  the 


left  will  tend  to  move  away  from  the  same, 
the  result  being  a  redistribution  of  the  pres- 
sure between  the  shaft  and  the  key,  and 
consequently,  also,  between  the  key  and  the 
hub.     Its  intensity  will  be  lowered  to  a 
minimum  at  the  extreme  left-hand  comer  a, 
and  rused  to  a  maximum  at  the  extreme 
right-hand  comer  c,  the  original  intensity  of 
pressure  being  retained  at  the  center  point  ft 
only.    This  has  been  indicated  in  the  figure 
by  the  vertical  arrows,  whose  lengtha  are 
intended  to  represent  the  intensity  of  the 
pressure  at  the 
different  points; 
the  straight  line 
d  e  f     similarly 
repreeenta  the 

form  in  tensity  of 
the  pressure  that 
is  due  to  the 
tight  driving  in 
of  the  key. 
It  is  evident 
'"■  *■  that  the  effect- 

iveness of  this  form  of  key  will  increase 
rapidly  with  its  width,  and  that  it  is  inde- 
pendent of  the  thickneaa  of  the  key.  Very 
little  thought  will  also  convince  one  that 
nothing  is  gained  hy  making  it  a  tight  fit 
sidewise  in  the  huh. 

Referring  now  to  Fig.  3,  we  recognize  at 
once  that  a  »unk  key  which  doea  not  fit  on 
the  sidee,  but  is  a  driving  fit  between  the 
top  and  bottom  only,  must,  in  every  way,  act 
as  the  flat  key  jujit  considered. 

If,  however,  the  sunk  key  also  fits  tightly 
on  the  aidea,  aa  illustrated  in  Fig.  4,  the 
conditions    be- 
come  entirely 
different,  and,  as 
a    consequence, 


pow 


■  of  (he 
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In  this  case,  the 
key  will,  in  the 
fir^t  place,  re- 
ceive the  great-  p,„  ,, 

from  the  shaft  along  the  shallow  Burface  />/, 
and  from  the  hub  along  the  shallow  surface 
ce.  But  these  surfaces  and  pressures,  not 
being  directly  opposite  to  each  other,  the 
latter  will  tend  to  turn  tlie  key  around  In  its 
sent  in  the  direction  indicated  by  the  arrow. 
This  tendency  thus  thrusts  the  comer  6 
harder  down   against   the   shaf^,   and    the 


corner  c  harder  up  ttgainet  tbe  bub,  until  the 
combined  effect  of  the  preeaures  on  both 
Bidee  of  the  corner  b  will  be  directly  oppoaed 
to  the  combined  effect  of  the  preseures  □□ 
both  sides  of  the  corner  c,  along  some  line 
I  m  through  the  center  of  the  key. 

The  action  is  such  that  it  makes  little 
difference  whether  the  key  is,  in  the  first 
place,  driven  in  very  tight  or  not,  bo  long  as 
it  is  perfectly  home  against  all  the  faces  Bur- 
rounding  it ;  but  it  is  of  advantage  to  make 
the  width  of  the  key  gt«ater  than  its  depth, 
in  order  that  it  may  not  have  to  turn  around 
too  much  to  bring  its  corners  b  and  c  to  be*r 
sufficiently  haul  against  its  bot- 
tom and  top  Beat«,  respectively. 
If  it  is  made  narrow,  the  conse- 
qaence  of  this  tm-ning  action 
will  be  too  much  concentration 
of  tbe  pressure  towards  the  cor-  \ 
ners  b  and  c  of  the  key,  and 
towards  the  corners  e  of  the  hub  i 
and  /  of  the  Bhaft. 

In  order  to  better  understand 
the  action  of  a  key  sunk  half 
into  the  shaft  and  half  into  the 
hub,  but  fitted  sidewiae  only,  pia. 

we  will  first  consider  the  feather 
key,  F^.  5.  It  is  supposed  to  be  tight  in 
the  shaft  only,  and  to  be  quite  free,  even 
sidewise,  in  the  hub.  Driving  as  indicated, 
it  receives  the  pressure  of  the  hub  along  the 
&ce  ce.  This  preaeure  will  then  act  upon 
the  key  as  a  prying  lever,  thrusting  it  hard 
against  the  aide  bf,  in  the  neighborhood  of /, 
and  hard  against  tbe  aide  (if,  in  the  neigh- 
borhood of  a ;  and  it  ib  obvious  that  the 
intensity  of  the  pressures  produced  at  tbe 


points  /  and  a  will  be  less  the  deeper  the 
key  is  sunk  into  the  shaft,  and  the  leas  it 
extends  into  the  hub. 

Turning  now  to  F^.  6.  which  repreaenta 
the  square  key  not  fitted  tightly  top  and 
bottom,  but  sidewise  only,  we  recognize  a 
similarity  between  the  action  of  the  Clearing 
Ktrea  through  the  middle  section  ;/  of  this 
key  upon  each  embedded  half,  and  the  action 
of  the  pressure  of  the  hub  on  tbe  key  shown 
in  Fig.  5. 

Conaidering  first  the  upper  half,  we  see 
that  this  shearing  stress,  extending,  as  it 
does,  in  the  direction  /  to  e,  will  tlirnBt  the 
key  hard  against  the  side  ce  of 
the  hub,  in  the   neighborhood 
off,  and  against  tbe  side  df, 
in  the  neighborhood  of  d.     It 
i  thus  exerta,  on  account  of  the 
\  short   depth    of    the    key,  an 
intense  prying   action   in    the 
hub.   In  precisely  the  same  man- 
ner, the  ahearing  stress,  which 
extendainthedirectionfrom  e  to 
/,    will    thrust    tbe    key    bard 
against  tbe  side  6/ of  the  ehafl, 
n,  in  the  neighborhood  of  /,  and 

againat  the  aide  a  r,  in  the 
neighborhood  ofa,  and  will  thus  exert  acorre- 
sponding  and  equal  prying  action  in  the 
ahftft. 

Evidently,  then,  this  is  not  the  way  to  fit 
a  key,  and  we  are  forced  to  conclude  that 
the  ordinary  sunk  key  must  be  fitted  tight 
all  around,  aa  in  Fig.  4,  in  order  to  serve  its 
purpose  in  the  most  efficient  manner ;  and 
also,  that  its  width  ought  somewhat  to 
exceed  its  depth. 


I   WONDER. 


THE  Btory  is  told  that  as  a  prominent 
politician  walked  along  the  street  one 
day,  in  the  company  of  a  friend,  he 
noticed  a  member  of  the  opposition  passing 
along  the  other  aide,  with  measured  tread 
and  head  bent  down,  to  all  appearances 
wrapt  in  the  dee|)eat  meditation.  "Ah!" 
aaid  he,  "While  looks  as  though  he  were 
thinking,  doesn't  lie?  But  he  isn't;  he's 
only  wondering." 

This  was  no  doubt  intended  as  sarcasm, 
though  it  is  possible  it  waa  also  true,  for 
this  wondering  instead  of  thinking  ia  a  very 


habit,  and  a  very  had  habit  too. 
How  often  we  hear  people  Bay,  "I  wonder ;" 
"I  wonder  so  and  so;"  "I  wonder  how 
Buch  and  such  a  thing  is  made  or  done;" 
"I  wonder  why  such  a  thing  Ib  bo."  The 
very  word  wmderfiil  is  evidence  of  our  pre- 
vailing weakness.  A  thing  is  wonderful, 
because  Jt  fills  us  with  wonder.  Wondering 
is  all  very  well  in  its  way,  but  it  should  I^kI 
to  Jindiiig  out,  otherwise  it  is  a  waste  of  time. 
It  would  be  a  good  thing  for  all  of  us  if 
every  lime  we  said  "  I  wonder,"  we  were  to 
add  "  and  I  will  try  to  find  ont." 


TAKING  PORTRAITS  INDOORS. 


'  LiGBT — How  TO  Fit  Up  a  Homr  Gallbby. 

ExE>OSl'HB  AND   DkVBLOFMBNT. 


1  cull  problemB  that  confroote  both  tlie 
■maUUT  and  the  proreBsionsl  is  por- 
tnitare.  Few  posBemora  of  a  camera  realize 
this  fact  sufficiently  to  take  the  trouble  to 
itndy  the  iubjeut  acieniiflcally,  yet  few  of 
tbem  kave  it  entirely  alone.  Tbe  old  idea 
that  a  photograph  caDnot  lie  ia  a  fklae  one,  aa 
any  ptntrait  taken  under  improper  lighting 
focilitiee  will  prove. 

Now,  if  we  are  to  make  photographic  por- 
traits, we   mutt  con- 
sider a  few  facts  out- 
side  of  photographic 
chemistry.     If  the 
portrait  is  Intended  to 
be  a   good   likeness 
in  the  opinion  of  the 
model,  theu  we  must 
bear  in  mind  that  the 
only  way  that  a  man 
gets  any  personal  idea 
of  his  own  appear- 
ance is  by  looking  into 
a  mirror,  and    that 
therefore  he    usually 
sees    himself  either 
full-foce  or  three-quar- 
ter full-face.    If  a  per- 
son has  a  fine  profile, 
it  is  sometimes  advis- 
able to  make  a  profile 
portrait,   because   the 
pOFseeeor  of  a  striking 
proOle  Aoon  learns  the 
fact  and  will  in  some 
way    contrive,    by    a 
combination    of    mir- 
rors, to  get  a  side  view  p,. 
of  himself.      On   the 
other   hand,  we  mast  endeavor  to  as  &r  as 
possible  bide  the  natural  defects  of  feature 
that    our    subject    may    possess,    because, 
tbrottgh custom  and  association,  tbesedefects 
seldocn   appear  as  bad  to  their    poEseeeor 
or  his  family  as  to  the  comparative  stranger 
or  ootaider.     For  instance,  a  person  with  a 
snub  nose  never  realizes  its  enormity  until 
by  accident  or  design  he  gets  a  view  of 
bis  profile.    We  must  be  careful,  therefore, 


when  making  a  portrait,  that  we  do  not  ren- 
der these  defects  too  apparent ;  it  is  not  only 
necessary  to  avoid  makiog  them  worse  than 
they  really  are,  but  we  must  endeavor  to 
avoid  making  them  any  worse  than  cur  sub- 
ject IhirJci  they  are. 

Some  phases  of  human   nature  may   be 
Studied  to  more  advantage  in  portrait  pho- 
tography than  in  any  other  profession,  and 
the  more  observant  the  operator  ia  of  details 
of  character  and  disposition,  the  more  suc- 
cessful he  will  be  in 
taking  portraits.    The 
details  are  mattcre  of 
first  importance,  and 
unless   due   attention 
is  paid  to  them,  other 
coneidentions  will  be 
of  little  value. 

It  is  by  properly 
"lighting" the  subject 
that  strongly  marked 
characterieticB  are 
emphasized  and  de- 
fects of  feature  sub- 
dued.  Upon  the 
strength,  depth,  and 
direction  of  the  light 
depend  nearly  all  the 
characteristics  of  the 
finished  picture. 

It  certainly  should 
not  be  necesiary  to  tell 
the  reader  that  a  por- 
trait should  never  be 
taken  in  fhll  sunshine, 
yet  there  are  many 
mi^liided  amateurs 
,  ,  who  endeavor  to  ac- 

complish this  very 
thing.  When  taking  a  portrait,  lots  of 
light  ia  required,  and  strong  light ;  but  rmvr 
full  sunshine  on  the  subject. 

Indoor  portraiture,  which  is  all  we  will 
discuss  at  present,  requires  a  much  longer 
exposure  than  open-air  portraiture,  the 
intentily  of  the  tight  being  much  less  ;  but 
with  the  arrangement  of  screens  and  reflect- 
ors herein  described,  a  well-lighted  indoor 
portrait  may  be  made  with  an  exposure  of 
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four  seconds,  that  would  require  four  times 
as  long  without  reflectors,  and  would  even 
then  be  poorly  lighted. 

In  all  professional  photograph  galleries 
we  find  the  sitter  illuminated  from  a  sky- 
light. It  is  therefore  reasonable  to  assume 
that  the  best  results  are  obtained  when  the 
light  comes  from  above  the  subject.  In  the 
gallery  we  also  find  several  white  or  gray 
screens  that  the  operator  moves  about  into 
various  positions,  to  reflect  the  light  on  the 
side  of  the  subject  so  as  to  get  just  the  char- 
acter of  illumination  he  desires. 

In  our  arrangements  to  make  portraits  at 
home,  then,  it  will  be  best  to  follow  as  far 
as  possible  the  methods  used  in  ther^ularly 
equipped  galleries.  Skylight  we  do  not 
possess,  but  we  can  soon,  and  with  very  lit- 
tle trouble,  provide  a  substitute  that  is  very 


ni  HciMic  un  MauuaL 


nearly  as  good.  In  Fig.  2  is  shown  the  plan 
of  a  room  about  12  feet  square,  with  a  window 
on  one  side ;  this  room  we  propose  to 
arrange  as  our  gallery.  If  possible,  the 
window  should  face  the  north  ;  if  not,  the 
room  should  be  used  for  photographic  pur- 
poses at  such  times  only  as  the  sun  does  not 
shine  in  at  the  window. 

The  window  should  be  covered  with  some 
opaque  material  to  a  height  of  about  5  feet 
from  the  floor,  or  to  the  meeting  rails  of  the 
sash.  Heavy,  rough,  bookbinders'  board  is 
excellent  for  the  purpose,  as  it  can  readily 
be  cut  to  exactly  fit  the  space.  Over  the 
lower  part  of  this  window,  and  against 
this  opaque  covering,  should  be  hung  some 
fabric  to  form  the  background  ;  its  color 
should  be  varied  according  to  the  character 
of  the  subject  to  be  photographed.    Dark 


subjects  call  for  a  light  background,  and  vice 
versa,  though  an  absolutely  black  or  white 
background  is  seldom  used. 

A  most  excellent  material  for  a  back- 
ground is  ordinary  cambric  or  silesia,  of  a 
drab  color.  This  should  be  moistened  by 
sprinkling,  and  then  stretched  on  a  frame 
about  5  or  6  feet  square.  If  it  is  necessary 
to  sew  together  two  or  more  strips  in  order 
to  get  the  required  size,  this  will  make  no 
difference,  as  the  seams  will  not  show  in  the 
picture  unless  the  background  is  brought 
into  focus,  and  this  it  should  not  be,  unless 
a  regular  professional  background  is  used. 

Across  the  ceiling,  about  18  inches  in  front 
of  the  window,  an  ordinary  linen  sheet  or 
other  white  fabric  should  be  hung,  and  after 
its  top  edge  has  been  secured  to  the  ceiling, 
its  lower  edge  should  be  ftififened  by  means 
of  a  strip  of  wood,  and  the  whole  maintained 
at  an  angle  of  about  45^  with  the  light 
entering  the  window.  Under  this  white 
reflector,  and  in  front  of  the  background,  the 
sitter  is  to  be  posed,  as  shown  in  Fig.  3,  where 
a  6  is  a  section  through  the  wall  of  the  build- 
ing, showing  the  window  at  cd.  At  ef  is 
the  background,  about  6  feet  high  ;  ghie  the 
reflecting  screen,  at  an  angle  of  45°  with  a  6. 
The  bottom  edge  of  screen  g  h  should  be  low 
enough  to  hide  the  top  of  the  background 
when  observed  in  the  camera  k,  A  plan 
view  of  this  arrangement  is  shown  in  Fig.  2 ; 
in  this,  2  m  is  another  reflector  of  white  cloth 
or  paper,  so  hung  as  to  illuminate  the  face  of 
the  sitter  and  cut  down  the  contrasts  on  the 
lower  portions  of  the  head  and  shoulders. 

Now  let  us  for  a  moment  consider  the 
efiect  of  all  this.  The  light  enters  through 
the  upper  half  of  the  window,  between 
c  and  e,  strikes  the  screen  g  /t,  and  is  then 
reflected  down  on  top  of  the  sitter,  precUdy 
as  though  it  came  through  a  skylight.  The  bot- 
tom edge  of  the  screen  can,  if  desired,  be 
lowered  slightly,  so  as  to  throw  the  light 
more  against  the  side  of  the  sitter  ;  or  it  may 
be  raised,  so  as  to  deepen  the  shadows  on 
the  side  nearest  the  camera.  The  screen  I  m, 
Figs.  2  and  4,  can  also  be  adjusted  to  get  any 
desired  lighting  efiect,  and  thus  the  anoatenr 
has  the  means  of  producing  some  of  the 
most  artistic  efiects  obtainable  with  a  camera. 

To  make  a  full -face  portrait,  the  sitter 
should  be  posed  about  2  feet  in  frt)nt  of  the 
background,  and  the  reflector  y  ^  set  bo  that 
the  shadow  of  the  nose  falls  on  the  upper  lip  ; 
then  the  side  screen  should  be  set  so  that 
one  side  of  the  face  is  illuminated  a  trifle 
more  than  the  other.  It  is  seldom  desirable 
that  an  absolutely  full-face  picture  be  taken  ; 
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therefore,  after  these  arrangemente  have  been 
ooniplet«d,  il  is  well  to  have  the  fitter  turn 
the  head  slightly,  eo  as  to  show  a  littlemore 
of  the  lighted  side.  This  will  pr[>duce  a  pic- 
toro  lighted  OS  shown  in  Fig.  o,  while  the 
turning  of  the  headfoutirda  the  light  willshow 


more  of  the  dark  side  of  the  face,  and  the 
resnlt  will  be  a  picture  lighted  as  in  Fig.  1. 
To  proddce  the  condition  of  lighting  shown 
in  Fig.  1,  the  screen  ^h  is  so  adjusted  as  to 
throw  the  light  nearly  perpendicularly  upon 
the  figure,  and  the  side  screen  is  so  placed 
as  to  strongly  light  the  face  on  the  side  away 
from  the  camera.  This  gives  a  sharp,  clear 
outline  to  the  profile,  while  the  rect  of  the 
fiwe  remains  in  comparative  shadow. 

Where  the  photograph  is  to  be  a  full-length 
fipm  or  a  three^uart«re  full  length,  core 
must  be  exercised  that  the  upper  part  of  the 
subject  is  not  more  strongly  lighted  than 
the  draperies  nearer  the  floor.  It  is  well,  on 
this  account,  to  spread  on  the  floor  a  white 
sheetoranumberof  newspapers,  so  that  the 
light  may  be  reflected  upward  against  the 
lower  part  of  the  fignre.  Fig.  C  shows  a  sub- 
ject po«ed  to  light  the  face  as  described  for 
Fig.  5,  while  the  lower  part  of  the  dress  was 
at  the  same  time  strongly  illuminated  by 
reflected  light  IVom  a  sheet  spread  in  front 
of  the  camera  about  20  inches  from  the  feet 
of  the  subject. 

Where  a  penon  has  light  curly  or  flufiy 
hair,  it  is  beet  to  illuminate  the  hair  bril- 
liantly by  setting  the  top  screen  about  as 
shown  in  Fig.  3,  and  then  arranging  the  side 
screen  to  re6ect  light  on  the   face  in  an 


upward  direction,  80  that  afi  far  as  possible  its 

stronger  shadows  may  be  softened  and  too 

much  contrast  prevented. 
A  little  practice  will  enable  the  amateur 

to  produce  any  kind  of  lighting  deairable,  to 

suit  any  particular  style  and  character  of 
subject  to  be  reproduced. 

Now  let  us  consider  the 
exposure  of  the  plate,  and 
the  development  of  the 
negative.  In thefirst place, 
only  the  fastest  of  plates 
should  be  used  for  indoor 
portrait  work.  Among  the 
most  common  brands  ^re 
the  Cramer  Crown,  East- 
man Red  Label  and  Film, 
Seed  27,  and  Stanley  50. 
The  Hammer  Extra  Fast 
is  also  a  good  plate,  bat  it 
is  not  quite  as  rapid  as  the 
others  named. 

The  camera  should  be 
near  enough  to  the  sitter 
to  have  a  good-sized  pic- 
ture on  the  ground  glass, 
but  not  BO  near  as  to  pro- 
duce a  distorted  pictura 
On  a  4"X5"    plate    the 

person's  head  should  never  be  taken  lai^er 

than  one-sixth    life  size ;    nor   should  the 

(camera  be  set  nearer  than  8  feet  from  the 

subject.    The  lens  should  always  be  worked 

at  full  opening,  even  though  in  consequence 

some   details    do    not    focus   clearly.    The 

camera  should  be 

placed  in  front  of 

the   background, 

as  explained, 

and  then  focused 

upon  the  eyes  of 

the   subject.      If 

the   mouth    and 

chin  do  not  come 

out   clearly,    the 

swingback  of  the 

camera  may    be 

tilted  slightly,  ho 

as  to  bring  these 

details  into  focus. 


If  the 


ngback,  it 
is  advisable  to 
move  it  farther  an  ay  from  the  sitter,  and 
focus  the  image  smaller.  The  back  part  of 
the  head  and  the  ear — if  the  latter  shows — 
may  also  be  out  of  tocui',  but  this  will  do  no 
harm  ™  long  as  the  ear  does  not  thereby 
appear  unnaturally  lar^.    Should  the  latter 
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be  the  cnse,  it  will  be  wise  to  arrange  the 
hair  to  cover  the  ear  (as  was  done  in  Fig.  5) 
or  to  change  the  poaitioD  of  the  head  slightlj, 
HO  ae  to  render  the 
ear  less  prominent. 

The  question  of 
espoanre  ia  a  diffi- 
cult one  to  deal  with. 
So  many  conditions 
of  light,  background, 
etc.  enter  into  the 
iletenni nation,  that 
no  positive  mlea  can 
be  laid  down ;  but  in 
all  cases  of  portrait- 
ure, the  operator 
should  be  sure  to 
g  Lve  e  X  poeure  enough. 
A  very  little  practice 
will  go  a  long  way 
towards  perfecting 
the  judgment,  and 
the  operator  cannot 
go  far  wrong  if  he 
goes  by  the  follow- 
ing rules:  If  the 
window  from  which 
the  light  is  taken 
facee  north,  give  an 
exposure  on  a  clear 

day,  between  10  a,  h.  ^' 

and  3  p.  m.,  of  4 
seconds;  this  is  for 
the  eommer  time, 
and  where  the  room 


I  the  I 


,  if  0 


the 


ground  floor,  where 
there  are  no  trees  or 
houses  nearby  to 
obstruct  the  clear 
light  from  the  sky. 

In  winter,  nnder 
the  same  conditions, 
give  6  seconds. 

irthewindow  faces 
east  or  west,  and  the 
sun  is  shining  on 
that  side  of  the 
house,  but  not  in  at 
the  window,  give  3 
seconds   in    summer 

Ifthewindowfaces  Pj^ 

east  or  west,  and  the 

sun  is  on  the  side  of  the  house  a\Baii  from 
the  window,  give  8  seconds  in  summer 
and  10  in  winter. 

These  exiHvures  are  based  on  the  condi- 


tions of  background,  and  color  of  materials 
heretofore  described  ;  if  the  sitter  is  wearing 
a  white  or  a  pale-blue  dress,  the  exposure 
should  be  reduced 
about  one-sixth  or 
one-quarter  ;  if  the 
dress  ie  black  or  red, 
the  exposore  shoald 
be  correspondingly 
increased. 

If  the  background 
is  blsck,  and  a  clear, 
well-defined  outline 
is  desired  against  it, 
the  exposure  may  be 
shortened  atrifle,  say 
one-sixth  ;  and  if  the 
background  ia  dead 
white,  the  exposure 
sbonld  be  corre- 
spondingly length- 
ened. Th  is  d  ecreate 
for  a  dark  b  a  c  k  - 
ground  and  increase 
for  a  light  one  may 
at  first  appear  some- 
what unusual,  but 
when  it  ie  det'ired  to 
get  strong  contrasts, 
the  exposure  must 
■  be  short ;  long  expo- 

sures t«nd  to  decrease 
the  high  lighta  and 
to  render  white  enr- 
facee  leas  glaring. 

With  indoor  work 
of  the  kind  we  are 
discussing,  exposure 
is  not  a  matter  of  as 
much  diificulty  as  it 
ia  with  outdoor  pho- 
tography, for  the 
reason  that  the 
amateur,  making 
portraits  by  the  same 
window  and  under 
the  eame  lighting 
conditions  day  after 
day,  soon  becomea 
as  accustomed  to  the 
"  timing  of  condi- 
tions" as  does  the 
professional  photog- 
g  rapherin  hisgallray. 

A  few  trialB  will 
determine  the  proper  exposure,  and  after  that 
serious  errors  should  be  of  rare  occurrence. 

The  next  consideration  is  that  of  develop- 
ment 1  thoi^h  many  are  of  the  impression 
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that  so  loDg  as  the  exposure  has  been  cor- 
rect, development  is  easy^  such  is  far  from 
being  the  case  in  portrait  work.  Overdevel- 
opment of  a  correctly-timed  negative  will 
destroy  the  lighting  effects,  and  underdevel- 
opment will  give  flatness  and  lack  of  detail. 

The  developer  should  be  stronger  than  for 
ordinary  landscape  work,  but  not  so  strong 
as  for  snapshots,  and  should  contain  just 
sufficient  bromide  of  potassium  to  make  it 
work  clear.  Pyrogallic  acid  makes  not  only 
the  best  developer  for  portrait  work,  but  is 
also  the  easiest  to  prepare.  The  following 
simple  formula  is  recommended,  as  it  gives 
excellent  results  and,  being  in  two  solutions, 
can  be  varied  slightly,  to  suit  different  condi- 
tions. The  proper  working  strength,  how- 
ever, is  the  one  given,  and  variations  should 
be  made  only  to  suit  certain  special  condi- 
tions, as  explained  below. 

{Pyrogallic  acid  1  oz. 
Sulphite  soda  (crystals)  4  oz. 
Water  (pure) 16  oz. 

n  f  Sal  soda 4  oz. 

I  Water 16  oz. 

To  develop,  take  1  ounce  of  ^,  1  ounce  of 
Bf  and  8  ounces  of  water,  to  which  may  be 
added  6  drops  of  a  10-per-cent.  solution  of 
potassium  bromide.  If  granulated  sulphite 
of  soda  is  used,  only  half  the  above  quantity 
of  this  chemical  will  be  needed. 

Place  the  exposed  plate  in  a  suitable  tray, 
pour  sufficient  developer  over  it  to  cover  its 
surface,  and  rock  the  tray  slowly  until  the 
development  is  complete.  The  image  should 
appear  slowly,  and  gather  density  gradually; 
the  development  should  be  continued  until 
the  high  lights  are  fairly  dense,  not  eo  dense, 
however,  but  that  the  detail  is  still  observ- 
able. When  fully  developed,  pour  off  the 
developer,  rinse  the  plate,  and  fix  it  in  hypo 
as  usual.  Throw  away  the  developer  after 
once  using  it,  as  good  results  cannot  be 
obtained  from  old  solution,  and  the  stock  is 
too  cheap  to  try  to  economize  by  using  it 
twice.  The  above  quantity  of  stock-solution 
developer  should  cost  but  22  cents,  and  is 
sufficient  to  develop  44  plates  of  the  smaller 
sizes,  at  a  cost  of  i  cent  each. 

Some  kinds  of  printing  papers  require 
negatives  of  strong  contrast,  while  others 
give  better  results  with  a  weak  negative.  To 
produce  the  former  characteristic,  it  is  simply 
necessary  to  increase  the  proportion  of  solu- 
tion A  to  li  ounces,  and  to  add  more 
bromide ;  softness  and  detail  may  be  gained 
by  increasing  the  proportion  of  solution  B 
to  1}  ounces,  and  making  the  developer  up 


with  10  ounces  of  water  instead  of  8.  It  is 
an  excellent  plan  to  make  three  exposures  of 
the  same  subject  on  three  different  plates, 
and  develop  them  with  the  three  forms  of 
developing  solution  above  mentioned.  The 
inexperienced  amateur  can  then  get  a  very 
fair  idea  of  which  is  best  suited  to  the  con- 
ditions he  seeks  in  his  own  case,  and  can 
govern  himself  accordingly  in  future  oper- 
ationfi. 

Very  satisfactory  results  are  obtained  with 
any  of  the  gas-light  printing  papers,  when 
a  moderately  thin  negative  is  used,  but  for 
printing  in  platinum  and  carbon  a  little 
more  contrast  is  desirable. 

Glossy  paper  will  require  deeper  print- 
ing than  mat  surface,  as  the  latter  appears 
darker  when  dry  than  when  in  the  baths. 
It  is  always  well  to  bear  this  fact  in  mind, 
especially  in  portrait  work,  as  the  depth  to 
which  a  picture  is  printed  materially  affects 
the  character  of  the  finish.  Only  in  the 
rarest  cases  is  absolute  black  and  white  desir- 
able in  a  portrait.  Even  where  the  draperies 
are  in  reality  pure  white,  it  is  generally 
desirable  to  print  the  white  parts  of  the 
picture  deep  enough  to  cause  them  to  assume 
one  tint  darker  than  a  pure  white. 

Bromide  of  potassium  added  to  the  devel- 
oper of  gas-light  papers  will  tend  to  increase 
the  contrasts,  but  in  making  prints  by  day- 
light these  effects  are  obtainable  to  the  best 
advantage  by  the  proper  treatment  of  the 
negative  in  development. 

Never  make  blueprints  of  portraits.  The 
color  is  not  only  most  unsatisfactory  for 
such  a  purpose,  but  the  peculiarity  of  the 
paper  renders  it  almost  impossible  to  secure 
satisfactory  detail. 

A  portrait  must  be  a  good  likeness  and  a 
technically  perfect  photograph  or  it  is  use- 
less, its  defects  always  standing  out  more 
prominently  than  in  any  other  class  of 
picture.  Therefore,  do  not  try  to  get  perfect 
results  with  improper  papers  or  accessories. 

After  the  negative  is  fixed,  washed,  and 
dried,  a  proof  should  be  taken  to  determine 
how  much,  if  any,  retouching  is  required. 
Nearly  all  portraits  require  some  retouching, 
the  details  of  each  feature  being  not  always 
perfectly  satisfactory  as  they  are  first 
impressed  on  the  plate.  Retouching  is  an 
art  in  itself,  and  should  be  done  by  a  pro- 
fessional retoucher,  until  the  amateur  has 
progressed  sufficiently  in  his  lighting,  expo- 
sing, and  development  of  portrait  subjects  to 
be  able  to  devote  nearly  all  of  his  time  and 
patience  to  the  study  of  retouching.  Learn 
to  make  perfect  negatives  first. 
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*'  Do  not  the  hiBt'ries  of  all  ages 
Relate  miraculouB  preasages 
Of  strange  turns  in  the  world's  afikirs 
Foreseen  by  astrologers,  soothsayers, 
Chaldeans,  learned  Genethliacs 
And  some  that  have  writ  Almanacs.'' 

—Hudibras. 


England  produces  neither  gold  nor  precious 
stones,  yet  her  treasure  houses  are  overflow- 
ing with  wealth  ;  her  damp  flat  fields  and 
dull  skies  afford  little  inspiration  for  poetic 
or  artistic  fancy,  yet  her  galleries  are  crowded 
with  the  nohlest  creations  of  art  and  her 
youth  are  nurtured  on  the  poetry  of  Homer 
and  of  Dante.  As  England  has  gathered  her 
material  and  artistic  treasures  from  the  east 
and  from  the  west,  so  also  has  she  enriched 
her  language  with  the  choicest  words  of  all 
languages.  In  her  vocabulary  we  find,  side 
by  side,  the  words  that  served  the  subtle 
Greeks  in  their  deepest  philosophy  and  the 
words  in  which  the  Romans  proclaimed  the 
laws  that  governed  the  world.  In  such  a 
language  it  is  both  interesting  and  instruct- 
ive to  trace  the  pedigree  and  descent  of 
words,  and  to  note  their  relationships  and 
intermarriages ;  in  this  way  alone  can  a  clear 
conception  of  their  finer  shades  of  meaning 
be  gained. 

By  studying  the  derivation  and  history 
of  the  word  astronomer  one  gains  a  broader 
conception  of  the  science  of  astronomy,  and 
encounters  some  very  surprising  relation- 
ships. The  word  agtronomy  is  derived  from 
the  Greek  words  astroUf  "star,"  and  nomosy 
*  *  law, '  *  and  therefore  astronomy  is  the  science 
of  the  laws  that  govern  the  stars.  But  if  we 
follow  the  pedigree  one  step  further,  we  find 
that  the  Greek  word  nonios  is  derived  from 
the  Greek  verb  nemein,  which  means  **to 
tend  as  a  shepherd  tends  his  flock  " ;  in  the 
light  of  this  derivation,  an  oMronomer  is  a 
*' shepherd  of  the  stars.*'  It  is  interesting 
to  compare  the  derivation  of  astronomy  with 
that  of  the  closely  related  word  economy. 
The  word  economy  is  from  the  Greek  words 
oikoSy  "  house,'*  and  nemeinj  and  therefore 
an  economist  is  '*  the  shepherd  of  a  house- 
hold." 

The  derivation  of  the  word  astronomer,  as 
we  have  traced  it,  suggests  that  there  are 


two  distinct  types   of  astronomers,  whose 
functions  are  entirely  different  but  which  are 
both    necessary    to    the    progress    of   the 
science.    There  must  be  astronomers  that 
are  careful  and  accurate  observers  of  celestial 
phenomena — men  of  clear  eye  and  skilful 
hand — who  do  their  patient  and  laborious 
work  under  the  cold  clear  midnight  skies  of 
winter,  and  who  fit  out  costly  expeditions  to 
distant  lands  to  observe  phenomena  that  are 
not  visible  from  their  fixed  observatories. 
There  must  also  be  astronomers  that  possess 
great   intellectual   powers    to   explain    the 
import  and  mutual  relations  of  the  observed 
facts.    Nor  is  astronomy  singular  in    this 
respect ;  for  any  science,  the  two  things  that 
are  essential  are  facts  and  ideas,  and  the 
development  of  any  science  needs  clear  Yision 
and  deep  thought.    Science  is  the  interpreta- 
tion of  nature,  and  therefore  needs  both  the 
interpreting  mind  and  nature  for  its  subject. 
Science  advances  when  clear,  acute,  logical 
thought    is   applied   to   accurately  known 
and  clearly  conceived  facts.    That  subtlety 
of  intellect  alone  cannot  create  icience  is 
shown  by  the  failure  of  the  Greek  schools 
of  philosophy,  with  all  their  perfection  of 
demonstration  and  method,  to  make   any 
advance  in  physical  science.    Nor  does  the 
mere  observation  and  knowledge   of   facts 
constitute  science;  and  the  Red  Indian,  of 
whose   powers  as  an  observer  of  nature 
Fenimore  Cooper  is  such  an   enthusiastic 
admirer,  made  as  little  progress  in  science 
as  the  Greek   philosophers  or  the  school- 
men of  medieval  Europe.     Since   science, 
then,  can  be  advanced  only  by  clear  ideas 
grappling  with  distinct  facts,  it  is  evident 
that  every  physical   science  demands   the 
services  of  skilful  observers  and  profound 
thinkers. 

Occasionally  there  is  a  man  so  gifted  that 
he  renders  distinguished  services  to  science 
in    both  capacities;  but  there  have    been 
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many  meo  who  made  large  contributions 
to  the  advancement  of  science  whose  work 
was   altogether  confined   to  one  of  these 
departments.    In  a  previoae  article  we  drew 
a  striking  contrast  between  Copernicus  and 
Tjcbo  Brahe.    After  the  long  night  of  the 
dark  ages  the  first  impulse  to  modern  astron- 
omy was  given  by  the  speculations  of  Coper- 
nicus, who  could  never  have  accomplished 
anything  as  an  astronomical  observer.    But 
in  order  that  bb  theories  should  be  con- 
firmed or  amended,  it  was  necessary  that 
there  should  be  accurate  obeervations  by 
which  to  test  the  theories;  theee  observa- 
tions were  made  by  Tycbo  Brahe,  whose 
skill  has  been  the  admiration  of  succeeding 
astronomers.    On  Tycho's  death,  however, 
the  whole  resolt  of  his  life  work  was  a  great 
accumulation  of 
records    that  bore  as 
much  resemblance  to  a 
science  of  astronomy 
as  a  heap  of  bolts, 
cranks,   tubes,  and 
wheels  bears  to  a  loco- 
motive.   As  that  heap 
of  parts  can  become  a 
locomotive  only  by 
suitable    arrangement 
by  intelligent  mechan- 
ics, BO  Tycho's  records 
had  to  wait  until  th^e 
should  arise  an  inter- 
preter of  them  before 
they    were    really    of 
any    scientific    valae. 
This  int«rpreter  came 
in  the  person  of  John 
Kepler,  who  has  been 
well  called  "  the  legis- 
lator of  the  stare,"  as 

Tychomay  veryappro-  **'"' 

priately  be  called  "the  shepherd  of  the  stars." 
John  Kepler  was  born  on  December  27, 
1571,  at  Weil,  in  the  duchy  of  Wiirtemberg. 
His  father  was  an  idle  and  shiftleBS  tavern 
keeper,  and  our  hero  was  taken  from  school 
in  his  ninth  year,  to  serve  as  a  potboy  in  the 
tavern.  His  childhood  was  rendered  still 
more  miserable  by  an  ignorant  and  ill- 
tempered  mother.  When  the  lad  was  four 
years  old  he  had  asevere  attack  of  smallpox, 
which  left  hini  with  weak  eyes  and  an 
impaired  constitution.  Since  he  was  thus 
disqualified  for  the  active  duties  of  life,  it 
was  thought  that  he  was  fit  only  for  the 
chuTcb,  which  was  the  only  profession  that 
then  offered  intellectual  employment  At 
the  age  of  seventeen  be  entered  the  univer- 


sity  of  Tiibingen,  which  was  then  one  of  the 
great  centers  of  Protestant  tbeolt^y.  In  the 
university  the  Ptolemaic  system  of  astron- 
omy was  still  taught  in  the  regular  profes- 
sorial lectures,  though  the  professor  of 
mathematics  privately  taught  Copemican 
principles.  During  his  residence  at  the  uni- 
versity, Kepler's  preferences  leaned  towards 
the  church,  but  when  the  profeasorehip  of 
astronomy  at  the  university  of  Gratz  was 
offered  to  him,  he  accepted  it  in  compliance 
with  the  wishes  of  his  friends. 

The  dnties  of  the   chair   of  astronomy 
included  the  prediction  of  the  fates  of  indi- 
viduals and  nations,  as  well  as  the  calcula- 
tion of  eclipses  and  the  movements  of  the 
heavenly  bodies.    Kepler,  indeed,  was  an 
enthuuastic  student  ofastrology,  and  thought 
he  found   in  his  own 
lifr  strong  confirmation 
of  the   doctrine  that 
human  aflturs  are  regu- 
lated by  the   atpects 
of theplanets.  Alarge 
part  of  his  income  was 
derived  fVom  the  pub- 
lication   of  almanacs 
containing  prophecies; 
some    lucky    weather 
predictions   in    his 
first  almanac  gave  him 
a  good  reputation  as 
a  weathtr  prophet. 
Though  he  had  some 
&ith  in  astrolc^y,  yet 
it  cannot  be  doubted 
that   be  cultivated  it 
chiefly  as  a  means  of 
replenishing  his  ever- 
needy  exchequer;  for 
he    says,    "Nature, 
*""  '^  '  which    has   given    to 

every  animal  some  means  of  supporting  life, 
has  designed  astrology  as  the  ally  and  adjunct 
of  the  astronomer,"  and  in  the  preface  to  the 
Rudolphine  Tables  be  says:  "Astrology, 
though  a  fool,  is  the  daughter  of  a  wise 
mother." 

In  the  tieginning  of  his  book,  "The  Mys- 
tery of  the  Universe,"  he  says:  "In  the 
year  1595  I  brooded  with  the  whole  energy 
of  my  mind  on  the  subject  of  the  Copernican 
system.  There  were  three  things  in  par- 
ticular of  which  I  sought  the  causes  why 
tbey  are  not  other  than  they  are  ;  tbe  num- 
ber, the  size,  and  the  motions  of  the  orbils." 
The  ancients,  who  held  the  Ptolemaic  sya- 
ions  why  there  should  be 
re  tlian  seven,  wanderers. 
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It  eeemed  to  the  ancientB  that  there  ought 
to  be  Boven  wanderers  in  heaven  to  corre- 
Bpond  to  the  seven  windows  in  th«  human 
bead :  in  the  head  there  are  two  eyes,  two 
ears,  two  noetrils,  and  a  mouth ;  so  in  heaven 
there  are  two  fikvorable  slan,  two  unfavor- 
able atare,  two  luminaries,  and  Mercury, 
which  ifl  indifferent.  Kepler  tried  to  find 
aome  equally  convincing  reason  for  the  eiist- 
ence  of  six  plantta  in  the  Copernican  tjs- 
tem  ;  be  sought  for  this  reason  in  the  occult 
properties  that  the  ancienta  believed  cer- 
tain numbers  to  pooeess.  A  number  that  is 
equal  to  the  sum  of  all  its  factors  is  called 
a  perfect  number,  and  perfect  numbers  were 
supposed  to  have  wonderful  mystic  prop- 
erties. Now  6  =  1X2X3  =  1  +  2  +  3,  so 
six  is  a  perfect  number,  and  Kepler  fancied 
that  this  was  the  rea- 
son for  the  existence 
of  six  planets. 

In  searching  for  a 
geometrical  relation 
among  the  distances  of 
the  planets  from  the 
son,  Kepler  at  first 
resorted  to  plane 
geometry,  and  en- 
deavored to  find  the 
desired  geometrical 
relation  by  inscribing 
regular  polygons  in  a 
circle.  Afler  incredi- 
ble labor  in  calcu- 
lation   he   became 

no  definite  relation 
among  the  orbits  could 
be  found  in  this  way  ; 

but  be  remembered  kkfi.er's  siiieme  kepri 
that,  while  there  ie  au  ^" 

unlimited  number  of  regular  polygons,  the 
Greek  geometers  had  proved  that  there  can 
be  only  five  regular  soliJs,  and  he  imagined 
that  the  five  regular  solids  must  correspond 
to  the  spaces  between  the  pknels.  He 
lays  down  the  law  thus:  "The  orbit  of 
the  earth  is  a  great  circle  of  a  sphere, 
which  is  the  norm  and  measure  of  alt. 
Round  the  earth's  sphere  describe  a 
dodecahedron  ;  the  orbit  of  JIars  is  a  great 
circle  of  the  circumsciibing  sphere  of  this 
dodecahedron.  Round  the  sphere  of  Mars 
describe  a  tetrahedron,  and  Jupiter's  orbit 
ie  a  circle  of  the  sphere  circumscribing  it. 
Describe  a  culje  about  Jupiter's  sphere,  and 
a  circle  of  the  circumscribing  sphere  of  the 
cube  ie  Saturn's  orbit.  An  icoi^hedron 
inscribed  in  the  earth's  orbit  gives  the  orbit 


of  Venus ;  and  an  octahedron  inscribed  in 
the  sphere  of  Venus  gives  Mercury's  orbit." 
Kepler  proved  that  the  radii  of  these  eii 
spheres  are  approximately  proportional  to 
the  distances  of  the  planets  from  the  snn. 
Bursting  into  a  rhapsody  he  writes :    "  The 
intense  pleasure  I  have  received  from  this 
discovery  can  never  be  told    in  worda.    1 
tired  of  no  labor,  I  shunned  no  toil,  I  spent 
days  and  nights  in  calculation  to  see  if  my 
hypothesis  would  agree  with  the  orbits  of 
Copernicus."    This  discovery,  though  of  Do 
value  itself,  was  destined  to  lead  to  very 
important  results  at  a  later  period,  and  tbe 
immediate  effect  of  its  publication  was  to 
bring  Kepler   to   the  favwable    notice   of 
Tycho  Brahe  and  Galileo.    Kepler  visited 
Tycho  at  his  observatory  and  Tycho  offered 
him  the  post  of  mathe- 
matical assistant ;  bnt 
Kepler    declined    the 
offer,  saying,  "forob- 
servatione  my  eye  is 
doll  and  for  mechan- 
ical operations   my 
hand  is  awkward." 

At  the  age  oftwenty- 
six  Kepler  married 
on  beiran  of  twenty- 
three,  who,  thot^h 
young  in  years,  was 
old  in  matrimonial 
experience,  and  had 
been  divorced  by  her 
former  husband. 
His  married  life  was 
unhappy;  he  suffered 
much  from  poverty 
and  sickness,  and  in 
'KSTjsii  THBfi.ANSTART  1611  hiB  wifc  died  of 
"■"■  low  fever,  brought  on 

by  want.  His  second  marriage  took  place 
in  1613,  and  he  has  left  a  detailed  account 
of  the  selection  of  his  bride  in  a  very 
remarkable  letter,  in  which  be  discusses 
the  merits  and  demerits  of  eleven  ladies 
whom  he  alleges  to  have  been  candidates 
for  tbe  vacant  place  in  his  heart  and 
home.  His  choice  fell  upon  a  poor  orphan 
girl,  and  it  is  pleasing  to  read  that  tbe 
marriage  proved  exceedingly  happy.  In 
arranging  for  a  supply  of  wine  for  his 
new  household,  he  had  a  dlsptite  with 
the  wine  merchant,  which  led  to  the 
publication,  by  Kepler,  of  a  tract  upon 
the  gauging  of  casks  with  curved  sides  ;  iti 
this  tract  he  laid  the  foundations  of  what 
mathematicians  call  tbe  "Method  of  Infini- 
tesimals." 
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Mrs.  Frederic  R.  Honey. 


The  White  Man's  Burden. 


Take  up  the  White  Man's  burden- 
Send  forth  the  best  ye  breed- 
Go,  bind  your  sons  to  exile 

To  serve  your  captlyes'  need ; 
To  wait,  in  heavy  harness, 

On  fluttered  folk  and  wild— 
Your  new-caught  sullen  jieoplet, 
Half  devil  and  half  chUd. 


Take  up  the  White  Man's  burden- 
In  patience  to  abide, 

To  veil  the  threat  of  terror 
And  check  the  show  of  pride ; 

By  open  speech  and  simple, 
An  hundred  times  made  plain, 

To  seek  another's  profit 
And  work  another's  gain. 

Take  up  the  White  Man's  burden— 

The  savage  wars  of  peace— 
Fill  full  the  mouth  of  Famine. 

And  bid  the  sickness  cease ; 
And  when  your  goal  is  nearest 

(The  end  for  others  sought) 
Watch  sloth  and  heathen  folly 

Bring  all  your  hope  to  nought. 

Take  up  the  White  Man's  burden- 
No  iron  rule  of  kings, 

Bat  toil  of  serf  and  sweeper— 
The  tale  of  common  things. 

The  ports  ye  shall  not  enter. 
The  roads  ye  §hall  not  tread. 

Go,  make  them  with  your  living 
And  mark  them  with  your  dead. 

(By  Rudyard  Kipling: 


Take  up  the  White  Man's  burden, 

And  reap  his  old  reward— 
The  blame  of  those  ye  better. 

The  hate  of  those  ye  guard— 
The  cry  of  hosts  ye  humour 

(Ah,  slowly ! )  toward  the  light  :— 
"  Why  brought  ye  us  from  bondage. 

Our  loved  Egyptian  night?  " 

Take  up  the  White  Man's  burden- 

Ye  dar<f  not  stoop  to  less— 
Nor  call  too  loud  on  Freedom 

To  cloke  your  weariness. 
By  all  ye  will  or  whisper. 

By  all  ye  leave  or  do, 
The  silent  sullen  peoples 

Shall  weigh  your  God  and  you. 

Take  up  the  White  Man's  burden  ! 

Have  done  with  childish  days— 
The  lightly-proffered  laurel, 

The  easy  ungrudged  praise : 
Comes  now.  to  search  your  manhood 

Through  all  the  thankless  years, 
Cold,  edged  with  dear-bought  wisdom. 

The  Judgment  of  your  peers. 

by  permission  of  McClure't  Magazine. ) 


This  poem,  **The  White  Man's  Burden," 
saw  the  light  in  February  of  the  current 
year.  When  it  was  written,  the  treaty  of 
peace  between  the  United  States  and  Spain 
was  before  the  senate  for  discussion,  and  the 
question  of  the  ownership  of  the  Philippine 
Islands  was  still  undecided.  Powerful  argu- 
ments had  been  made  for  and  against  their 
acquisition  by  the  United  States.  The 
** ayes'*  dwelt  on  the  naval  and  commer- 
cial value  of  the  archipelago,  and  on  the 
prestige  which  the  country  would  gain  by 
such  an  enlargement  of  her  domain ;  the 
"nays"  pointed  to  the  Constitution  of  the 
United  States,  and  urged  the  nation  to  con- 
sider the  expense  attending  the  occupation 
of  such  distant  territory,  the  cost  of  the 
neceei-ary  fleet  and  garrison  for  its  defense, 
and  the  uncertainty  of  pecuniary  profit. 
Rudyard  Kipling's  strong  and  forcible  verses 
were  pitched  in  a  higher  key ;  he  ignored 
all  questions  of  national  gain  or  loss,  but 
brought  home  to  many  a  waverer  the  con- 


viction that  there  lay  before  this  country  a 
duty — ^an  opportunity ;  should  she  take  it 
or  leave  it?  It  might  or  might  not  bring 
tangible  recompense,  but  was  that  to  be 
the  first  consideration?  Duty  is  its  own 
reward.  **Am  I  my  brother's  keeper?"  is  a 
question  as  old  as  the  stoiy  of  the  human 
race ;  and  Rudyard  Kipling  answered  it 
with  an  emphatic  **Yes!"  when  he  wrble 
**The  White  Man's  Burden."  He  has 
written  better  verse,  but  nothing  that 
appeals  more  strongly  to  the  instincts  of 
manliness,  courage,  and  self-sacrifice. 

"  The  White  Man's  Burden  !"  The  phrase 
caught  the  people's  ear,  and  touched  the 
people's  heart.  In  these  few  words  Rudyard 
Kipling  has  created  for  himself  a  monument 
which  may  endure  when  all  else  that  he  has 
written  is  forgotten.  He  sums  up  in  them 
the  history  of  centuries  that  are  past,  and 
prophecies  of  centuries  to  come.  He  speaks 
as  a  prophet  speaks,  warning  and  exhorting ; 
he  stands  at  the  parting  of  the  ways,  and 
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points  a  kindred  nation  to  a  toilsome  road, 
leading  to  a  very  distant  goal,  to  be  attained 
not  by  the  workers  of  today,  but  by  future 
generations,  who  will  call  their  forefiathers 
to  account  if  the  work  of  today  is  ill  done. 

America  has  unexpectedly  become  respon- 
sible for  the  government  of  the  Philippine 
Islands ;  the  obligation  has  been  forced  upon 
her  by  a  combination  of  circumstances  which 
could  hardly  have  been  foreseen.  In  con- 
templating the  task  which  lies  before  her,  if 
the  White  Man's  burden  is  to  be  borne 
bravely  and  patiently,  it  is  natural  to  insti- 
tute a  comparison  with  the  countries  in 
which  her  Anglo-Saxon  kindred  have  done 
and  are  doing  similar  work.  Great  Britain 
rules  "dark  peoples''  on  two  continents; 
but  Kipling  had  in  mind  India,  in  which 
much  of  his  life  has  been  spent,  rather  than 
Africa,  when  he  wrote  the  verses  which  are 
so  pregnant  with  meaning  for  Americans 
at  this  juncture;  and  as  India  and  the 
Philippines  are  tolerably  near  neighbors,  the 
experiences  of  the  White  Man  in  the  two 
countries  may  correspond  in  some  points, 
notwithstanding  the  difference  in  their  cir- 
cumstances. 

America  comes  into  possession  of  the  Phil- 
ippines as  a  whole ;  Great  Britain  acquired 
her  Indian  empire  very  gradually.  Close 
commercial  relations  had  been  established 
for  many  years  before  there  was  any  thought 
of  conquest.  Just  300  years  ago  the  East 
India  Company  began  to  trade  at  Indian 
ports.  As  years  went  on  the  company 
came  into  collision  with  the  trading  interests 
of  other  European  nations ;  the  battles  of 
Europe  were  fought  on  Indian  soil,  with  the 
help  of  native  troops  on  both  sides.  One 
after  another  great  tracts  of  country  came 
under  British  control.  The  control  was  that 
of  a  private  company,  acting  under  the 
authority  of  charters  granted  by  parliament ; 
but  forty  years  ago  the  company  ceased  to 
exist,  and  its  powers  and  rights  were  trans- 
ferred to  the  British  government. 

The  responsibility  of  America  for  the 
Philippines  falls  to  her  in  different  fashion. 
Her  commercial  relations  with  the  islands 
were  quite  insignificant.  She  seems  to  seize 
them  by  force,  yet  it  may  more  truly  be  said 
that  they  are  thrust  on  her  by  the  inexo- 
rable logic  of  circumstances.  White  men  and 
white  men's  methods  are  not  strangers  there. 
The  Filipinos  have  had  glimpses  of  modem 
civilization,  and  parts  of  the  islands  have 
had  experience  of  a  government  which  uses 
its  dependents  for  its  own  purposes.  What 
manner  of  men  is  America  going  to  send 


there  to  regulate  the  civil  affairs  of  the 
countrv  when  the  work  of  the  soldier  has 

m 

been  done?  No  one  who  goes  in  hope  of  a 
life  of  ease,  or  to  seek  a  **fiftt  place,"  can 
ever  make  his  mark,  or  raise  the  islanders' 
standard  of  life,  and  thus  really  bear  bis 
share  of  the  White  Man's  burden.  Such 
work  is  done  by  self-sacrifice,  unconscious  it 
may  be,  but  always  real. 

Kipling's  suggestive  phrase  puts  the  work 
of  the  conquering  White  Man  in  the  East  in 
a  very  different  light  from  that  in  which  it 
is  usually  shown.  What  is  this  burden 
which  is  to  be  borne  by  him  ?  He  who  is 
a  civilized,  self-restrained,  self-governing 
human  being,  the  product  of  a  favorable 
environment  for  many  generations,  is  called 
on  to  use  the  powers  with  which  he  is 
endowed  for  the  benefit  of  the  millions  of 
the  East  whose  racial  development  seems  to 
have  been  arrested.  He  is  placed  on  a 
higher  level  than  the  greedy  fortune  huntar 
who  passes  his  life  among  strange  scenes,  in 
the  midst  of  a  subject  people,  only  for  the 
sake  of  what  he  can  gain  from  them ;  he 
goes  primarily  to  make  a  living  and  a  place 
for  himself  in  the  world,  it  is  true ;  but  he 
earns  that  living  and  that  place  by  honest 
hard  work  for  the  people  among  whom  his 
lot  is  cast,  with  small  thought  of  self  and 
with  resolute  courage.  He  has  to  teach 
them  to  nile  and  govern  themselves;  he 
must  bear  with  the  weakness  and  vices  of 
the  "new-caught,  sullen  peoples,  half  devil, 
and  half  child,"  the  product  of  generations 
of  oppression,  wrong,  and  cruelty.  He  must 
teach  them  that  a  White  Man,  worthy  of  the 
name,  never  "says  the  thing  which  is  not"; 
that  his  eyes  and  ears  are  always  open  ;  that 
he  puts  his  own  hand  to  work  for  the  people 
whom  he  rules  ;  that  he  will  protect  the  weak 
and  aid  the  suffering ;  that  law  will  be  fairly 
and  justly  administered  ;  that  crime  will  be 
punished,  by  whomsoever  committed ;  that 
taxation  shall  not  be  extortionate ;  that  cus- 
toms, persons,  and  property  shall  be  respected; 
and  that,  according  to  the  old  Saxon  phrase, 
every  man  shall  be  *  *  law-worthy. ' '  Exactly 
in  so  far  as  he  conforms  to  such  an  ideal 
will  he  bear  his  share  of  the  White  Plan's 
burden.  The  "silent,  sullen  peoples"  will 
learn  such  lessons  only  from  those  who 
live  among  them  and  become  their  friends. 
The  lessons  are  costly  to  the  teacher ;  every 
such  pioneer  goes  with  his  life  in  his  hand  ; 
and  if  the  story  of  India  is  to  be  repeated  on 
a  small  scale  in  the  Philippines  many  will  p&y 
the  price  by  disease  or  by  violence  before 
their  work  has  produced  visible  results. 
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The  material  works  which  await  the 
White  Man's  hand  in  the  old  countries 
where  the  applications  of  modern  science 
are  unknown  hardly  need  enumeration ; 
they  suggest  themselves  to  every  mind. 
But  how  will  they  be  received  ?  The  harbors, 
the  roads,  the  railways,  the  bridges,  the  tele- 
graphs, promoting  easy  communication,  and 
the  canals  for  irrigation,  or  the  works  which 
shall  protect  lowlands  from  floods,  will  be 
recognized  as  of  value;  they  will  be  tol- 
erated, and  in  time  will  be  welcomed  by  the 
people.  They  will  see  also  that  it  is  for 
their  good  that  robber  bands  are  swept 
away,  and  that  the  wild  beasts  which  ter- 
rorized their  villages  are  gradually  extermi- 
nated. But  when  there  is  interference  with 
their  established  customs,  the  killing  of  the 
aged  or  of  infants,  or  the  burning  of  their 
widows,  they  murmur  and  rebel.  Or  when 
the  White  Man  tries  to ''  fill  full  the  mouth  of 
fiEunine,  and  bid  the  sickness  cease,"  he  will 
find  his  earnest  endeavors  checked  by  the 
dark  peoples'  customs  and  beliefs  ;  the  food 


which  he  provides  will  be  unacceptable, 
the  methods  employed  by  modem  sanitary 
science  will  be  accounted  sacrilegious ;  and 
the  would-be  benefactors  must  begin  at  the 
beginning  again,  and  invent  new  methods 
which,  next  time  (for  there  is  always  a 
next  time  to  famine  and  pestilence  in  the 
East),  may  accomplish  the  work  without 
outraging  the  feelings  of  the  sufierers. 

And  meanwhile,  the  neighbor  nations 
will  stand  by,  observing  and  publishing  all 
the  failures  and  mistakes,  giving  little  credit 
to  the  hard-won  partial  successes  of  those 
who  are  doing  the  work.  Yet  however 
thankless  the  task,  the  voice  of  one  who 
knows  reiterates  the  call : 

Take  up  the  White  Man's  burden, 

And  reap  his  old  reward— 
The  blame  of  those  ye  better, 

The  hate  of  those  ye  guard. 

***** 

By  all  ye  will  or  whisper, 

By  all  ye  leave  or  do, 
The  silent,  sullen  peoples 

Shall  weigh  your  God  and  you. 


ANNUAL    REPORT    OF     THE    SMITHSONIAN 

INSTITUTION    FOR    1897. 


THIS  interesting  and  instructive  volume, 
which  is  issued  by  the  Government 
Printing  Office,  Washington,  D.  C,  con- 
sists of  two  parts.  The  first  part  is  the 
report  proper,  and  deals  with  the  work  of 
the  Institution,  expenditures,  appropria- 
tions, buildings,  funds,  administration,  and 
other  matters  of  little  interest  to  the  general 
reader.  We  must  mention,  however,  the 
account  given  in  the  report  of  the  publica- 
tions of  the  Institution,  which,  for  the  year 
in  question,  aggregated  nearly  10,000  pages, 
"covering  to  a  greater  or  less  degree  nearly 
all  branches  of  human  knowledge.''  A  very 
important  contribution  of  the  Institution  to 
scientific  literature  was  a  "Catalogue  of 
Scientific  and  Technical  Periodicals,"  con- 
taining the  titles  of  more  than  8,500  techni- 
cal and  scientific  periodicals  in  all  languages. 
Worthy  of  notice  is,  also,  the  ethnological 
work  of  the  Institution,  which  has  for  some 
years  past  been  recognized  as  the  most 
reliable  source  of  information,  with  respect 
to  the  customs,  religion,  languages,  tradi- 
tions, and  actual  conditions  of  the  American 
Indians.  The  Institution  devotes  a  large 
sum  to  this  kind  of  research,  and  has  in 


its  service  some  of  the  most  distinguished 
specialists  in  the  country. 

By  fEur  the  most  interesting  part  of  the 
Report  is  the  "General  Appendix,"  which 
consists  of  several  essays  written  by  the 
foremost  scientists  of  the  time,  on  almost  all 
subjects  that  are  of  either  importance  or 
interest  to  the  student  of  natural  science. 
This  part  comprises  about  600  pages.  The 
essays,  which  deal  with  astronomy,  chem- 
istry, physics,  physiology,  mechanics,  geol- 
ogy, meteorology,  biology,  botany,  etc.,  are 
written  in  untechnical  language,  by  men 
that  are  masters  of  the  subjects  they  treat ; 
the  result  being  a  collection  of  valuable 
information,  from  the  reading  of  which 
much  pleasure  and  instruction  may  be 
derived.  Space  does  not  allow  us  to  make 
even  a  brief  review  of  these  essays ;  but  we 
shall  call  attention  to  a  few  points  that  may 
be  of  interest  to  our  readers. 

Mr.  G.  H.  Darwin  gives  a  very  clear  expla- 
nation of  the  action  of  the  moon  in  produ- 
cing the  tides,  and  the  effect  of  the  latter  in 
retarding  the  rotation  of  the  earth,  and 
shows  us  that  in  the  distant  future  there 
may  come  a  time  when  the  day  and  the 
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month  will  be  of  the  same  duration  ;  that  is, 
when  the  earth  will  revolve  on  its  axis  in 
the  same  time  occupied  by  the  moon  in 
revolving  about  the  earth.  This  day  and 
month  will  contain  55  of  our  present  days. 

Mr.  Elihu  Thomson  writes  on  ''  Electrical 
Advance  in  the  Past  Ten  Years."  Referring 
to  the  many  things  accomplished  by  elec- 
tricity, he  says:  ''That  paragon  of  nature, 
the  diamond,  can  now  be  fashioned  in  an 
electric  crucible  from  plain  black  soot."  Mr. 
W.  Grookes  will  soon  explain  to  us  how  this 
is  done.  It  is  surprising  to  see  how  new 
almost  all  electrical  inventions  are,  how  fast 
they  have  developed,  and  how  perfect  they 
have  become.  The  telephone  dates  from 
1876.  As  for  electric  locomotion,  Mr.  Thom- 
son says  that  ''at  a  convention  of  street- 
railway  men,  held  so  recently  as  1887,  a 
discussion  of  electric  traction  as  applied  to 
horse  railways  was  vigorously  criticised  as  a 
waste  of  time  which  might  have  been  better 
applied  to  practical  subjects,  instead  of  to 
such  a  fanciful  or  theoretical  one.  In  fact, 
the  contention  was  that  the  care  and  feeding 
of  horses  should  take  precedence  of  so  unim- 
portant a  subject  as  electricity." 

There  is  a  most  interesting  article  and 
several  brief  notes  on  the  X-rays,  written  by 
Dr.  W.  C.  Roentgen,  the  discoverer  of  this 
wonderful  manifestion  of  electrical  energy. 

Mr.  S.  P.  Langley,  the  great  expert  on 
"Mechanical  Flight,"  writes  on  this  evtr- 
fascinating  subject.  Especially  worthy  of 
notice  is  the  historical  sketch  he  gives  of  his 
experiments  and  inventions,  of  his  unsuc- 
cessful trials  and  his  failures,  which,  bring- 
ing to  disappointment  what  he  had  thought 
well-founded  expectations  and  hopes,  often 
discouraged  him  and  almost  deteired  him 
from  continuing  work  so  unpromising.  But 
his  patience  and  perseverance— great  and 
rare  qualities,  without  which  no  inventor 
can  hope  to  succeed — overcame  all  obstacles, 
and  his  last  inventions,  which  he  calls 
aerodromes,  and  describes  in  this  article, 
have  done  much  towards  the  solution  of 
the  vexed  problem,  "How  can  we  fly?" 
Intimately  connected  with  this  problem  is 
that  of  the  flight  of  birds,  which  is  very  ably 
discussed  in  an  article  "  On  Soaring  Flight," 
by  Mr.  E.  C.  Hufiaker.  The  facts  and 
experiments  he  describes  aie  most  interest- 
ing— some  of  them  most  curious. 

Among  other  things  relating  to  '*  Dia- 
monds," Mr.  William  Crook es  gives  a  good 
<lescription  of  the  laboratory  production  of 
the  precious  stone.  The  principle  is  com- 
paratively simple.    Pure  iron  is  placed  in  a 


crucible  with  fine  charcoal,  and  heated  by 
an  electric  arc  to  about  4,000**  C.  The  iron, 
of  course,  melts,  and  the  carbon  of  the  char- 
coal is  dissolved  in  the  molten  metal,  just  as 
sugar  in  water.  The  whole  mass  is  now 
plunged  into  cold  water,  which  almost 
instantly  solidifies  the  outside  of  the  molten 
mass,  thus  forming  a  thick  and  rigid  crust,  pre- 
venting the  remaining  portion  from  expand- 
ing. Now,  as  this  portion  solidifies,  it  tends  to 
increase  in  volume,  and  as  this  is  prevented 
by  the  solid  crust,  an  enormously  high  pres- 
sure results,  under  which  the  dissolved 
carbon  separates  in  the  form  of  brilliant 
crystalline  fragments  —  perfect  diamonds. 
Such  diamonds,  however,  are  exceedingly 
small  (the  largest  one  ever  made  being  less 
than  .04  inch  in  diameter),  and  the  process 
of  manufacture  exceedingly  expensive. 

To  those  who  take  special  pride  in  calling 
themselves  "practical  men,"  and  who, 
"exercising  the  prerogative  of  ignorance," 
speak  with  contempt  of  the  "theoretical 
man,"  we  recommtnd  Mr.  J.  J.  Steven- 
son's admirable  article  on  "The  Debt  of  the 
World  to  Pure  Science,"  where  they  will  learn 
that,  while  the  theoretical  man  does  not  con- 
cern himself  much  with  dollars  and  cents, 
bread  and  butter,  he  has  invariably  fur- 
nished the  material  out  of  which  wealtli, 
civilization,  and  prosperity,  as  understood  by 
the  "  practical  man,"  have  grown  ;  and  that 
the  said  "practical  man,"  in  his  disparage- 
ments of  pure  science,  shows  at  once  his 
ignorance  and  his  ingratitude. 

There  is  an  essay  by  Lord  Kelvin  (for- 
merly Sir  William  Thomson)  on  "The  Age 
of  the  Earth  as  an  Abode  Fitted  for  Life." 
His  object  is  to  refute  the  assumptions  of 
some  geologists  who  hold  that  the  earth  has 
been  the  abode  of  living  beings  during  hun- 
dreds and  perhaps  thousands  of  millions  of 
years  past.  From  physical  considerations, 
he  concludes  that  the  age  of  the  earth,  in  its 
present  form,  cannot  be  much,  if  at  all, 
above  24,000,000  years.  The  reader,  how- 
ever, must  not  take  such  figures  and  compu- 
tations as  relate  to  these  romote  periods  very 
seriously.  They  are  all  founded  on  more  or 
less  plausible,  more  or  less  objectionable 
hypotheses ;  and,  what  is  worse,  they  are 
usually  the  results  of  investigations  under- 
taken with  the  object,  explicit  or  tacit,  of 
either  substantiating  or  discrediting  the 
biblical  accounts  of  creation  (for,  notwith- 
standing our  boasted  scientific  spirit  and 
impartiality,  we  have  not  yet  become  suffi- 
ciently hardened  or  unfeeling  to  exclude 
venerable  theology  from  our  investigations). 


ROASTING  AND   BAKING  AS  A  FINE  ART. 


{   IkbIDB  Ol'TWARDH. 


TO  THE  tml;  ecientiflc  mind  there  is 
nothing  too  insignificant  for  the  most 
careful  examination  and  painetaking 
experimeot.  Among  the  many  things  that 
CoQQt  Rnmfotd  made  subjects  of  research 
there  will  be  found  almost  all  that  pertains 
to  the  kitchen ;  the  making,  the  maintain- 
ing, and  the  using  of  culinary  tiree,  stoves, 
and  cfaimnej's,  the  art  of  cooking,  and 
almost  everything  connected  therewith. 
And  this  scientist  not  only  investigated  these 


things  theoretically,  but,  at  great  expense 
ftnd  labor,  experimented  with  tbem  prac- 
tically, and,  what  is  better  still,  wrote 
copiously  on  them,  as  be  did  on  everything 
die  he  investigated,  leaving  a  store  of  useful 
knowledge  from  which  posterity  may  drawfor 
all  time.  There  is  no  cook  or  chef  of  today 
who  may  not  with  great  profit  read  hia  worke. 

Happily  it  is  now  the  fashion  for  many 
of  onr  popular  periodicals  to 
devote  more  or  less  space  to 
these  very  subjects  ;  indeed, 
DO  publication  that  hopes  to 
win  and  maintain  a  place  in 
the  household  can  afford  to  entirely  neglect 
them.  In  the  March  number  of  this  maga- 
nne  there  appeared  an  article  by  Mrs.  Henry 
Esmond  on  roasting,  broiling,  and  baking, 
which  was  both  instructive  and  entertaining. 

While  not  professing  to  be  a  chef,  nor  to 
being  possessed  of  any  wonderful  amount  of 
knowledge  on  the  subject  of  cooking  in 
general,  the  writer  desires  te  present  what  he 
believes  will  prove  to  most  of  the  readers  a 
new  method  of  roasting  or  baking  meats. 

Having   a    properly  heated  oven  and  a 


baking  piece  to  prepare,  we  next  need  a 
properly  arranged  dripping  pan.  Fig.  1 
shows  one,  in  which  a  is  a  steel  spit,  or  rod, 
resting  in  upright  sheet-iron  brackets/ riveted 
to  the  ends  of  the  pan,  and  having  notches 
g  in  which  the  spit  may  rest  or  turn  ;  h  is 
the  meat  resting  over  the  pan  t,  with  the 
spit  thrust  through  it.  When  so  arranged, 
the  meat  may  be  turned  with  eaee  whenever 
deaited. 

Now,  the  spit  a  is  more  than  a  simple  rod, 
as  shown  in  Fig.  2  ;  it  is  hollow— a  tube,  in 
fact— with  holes  at  about  the  middle  of  its 
length  that  run  crosswise  of  the  spit  and 
communicate  with  the  central  bore  e  ;  one 
end  is  drawn  down  to  a  sharp  point,  and 
the  other  end  is  stoppered  by  a  plug  d.  This 
spit  should  be  about  \  inch  outside  diame- 
ter, and  made  by  drilling  a  ^-incb  bole  into 
the  rod  for  about  half  its  length,  and  the 
holes  h  should  be  about  i  inch  diameter. 

The  meat  should  be  so  spitted  that  the 
openings  6  ore  as  nearly  in  the  center  of 
the  meat  as  possible ;  and  the  notches  in 
the  side  brackets  should  be  a  trifle  higher 
on  one  side  than  the  other,  so  that  the  spit 
can  be  placed  in  a  sloping  position  with 
the  plugged  end  a.  little  higher  than  the 
pointed  end.  This  insures  the  seasoning 
getting  into  the  meat.  A  dripping  pan  so 
prepared,  and  the  spit  so  arranged,  costs  but 
a  trifle.  Prepare  the  meat  for  baking, 
but  do  not  use  any  salt  or  other  seasoning 


on  the  outside  of  the  meat.  When  the  spit 
has  been  thrust  through  the  meat,  practi- 
cally as  shown  in  Fig.  1,  draw  the  plug  d, 
which  may  be  of  wood,  and  place  in  the 
bore  as  much  salt,  pepper,  or  other  season- 
ing as  is  deemed  necessary  to  season  the 
meat,  and  ram  it  well  to  the  bottom  of  the 
hole  and  replace  the  plug  tightly.  Place 
the  pan  and  contents'  in  the  oven.  The 
result  will  be  that  the  heat  of  the  oven  will 
sear  over  the  outside  ofthemeat,  closing  the 
pores  and  thus  preventing  the  escape   of 
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the  jaices,  and  the  epit,  becoming  hot,  will 
sear  the  meat  where  the  spit  enters  it,  and 
thus  but  very  little  juice  will  escape  around 
the  spit. 

As  the  heat  strikes  inwards  the  juices  will 
enter  the  holes  b  in  the  spit  and  will  mix 
with  the  salt  and  other  seasoning,  and  the 
liquid  thus  formed  will  permeate  the  entire 
body  of  the  meat,  acting  and  striking  out 
from  the  center,  thus  seasoning  it  from  the 
center  outwards,  instead  of  from  the  surface 
inwards,  as  is  the  case  when  the  seasoning  is 
app>lied  to  the  surface.  It  will  be  evident 
that  the  seasoning,  being  in  the  center  of  the 
meat,  cannot  be  dried  into  a  crust  and  caused 
to  but  partly  perform  its  work,  as  is  always 
the  case  when  it  is  applied  to  the  outside  of 
the  meat.  Being  thus  free  to  disseminate 
itself  in  every  direction,  without  becoming 
dried  or  crusted,  and  having  no  hard  outer 
crust  to  penetrate,  the  meat  will  be  seasoned 
with  absolute  uniformity  throughout,  and 
will  have  a  flavor  impossible  to  obtain  by 
the  usual  manner  of  seasoning. 

After  the  meat  has  become  seared  over, 
place  in  the  dripping  pan  such  fats,  as  suet, 
butter,  or  dripping,  as  may  be  desired,  and 
baste  the  meat  occasionally  to  prevent  the 
outer  surface  from  becoming  dry  and  hard. 
If  a  true  roast  is  desired  and  the  fire  is 
properly  arranged  for  it,  the  dripping  pan 
may  be  set  before  the  fire  and  the  meat 
turned  as  is  ordinarily  done  in  the  process  of 
roasting. 

The  spit  is  easily  kept  clean  inside  by  the 
use  of  a  wire  with  a  swab  at  one  end,  and  if 
laid  away  in  a  dry  place  will  not  rust.  Be 
sure  to  keep  the  holes  b  open,  as  they  will 
tend  to  become  choked. 

It  is  believed  this  method  of  roasting  or 
baking  meats  will  be  new  to  most  readers, 
and  it  is  too  much  to  hope  that  it  will 
become  generally  adopted.  The  diflSculty 
will  be  that  it  is  something  new  and  requires 
preparation,  and,  at  first,  some  little  attention 
to  detail.  These  are  the  stumbling  blocks  in 
the  way  of  the  great  majority  of  female  cooks, 
not  with  the  professional  ones  so  much  as 
with  "  milady  "  who  attends  to  her  own 
culinary  afiairs.  The  ordinary  time-serving 
servant,  will  never  mend  her  ways  unless 
the  mistress  forces  matters,  and  this  she  is 
loath  to  do.  The  only  reason  why  male 
cooks  take  precedence  in  cookery  is  due  to 
the  abnormal  conservatism  existing  among 
women.  To  think  for  themselves  and  branch 
out  into  untried  fields  seems  to  have  unnec- 
essary terrors  for  them. 

Once  a  certain  manner  of  doing  a  thing  is 


acquired,  any  suggested  change  is  unheeded. 
It  is  sometimes  lamented  that  young  ladies 
do  not  learn  cooking  at  home  from  mother, 
and  that  they  prefer  to  play  the  piano  or 
amuse  themselves  in  any  manner  that  comes 
to  hand.  The  fact  is,  it  is  oftener  a  blessing 
in  disguise,  for  once  a  particular  style  of 
cooking  is  acquired  nothing  can  change  it, 
especially  if  acquired  when  quite  young,  and 
mother's  unscientific  and  faulty  methods  are 
perpetuated  for  years,  to  the  discomfort  of 
all  who  depend  upon  the  daughter  for  the 
pleasures  of  the  table.  It  is  far  better  that 
correct  knowledge  be  attained  after  the  young 
woman  has  arrived  at  maturer  years,  than 
that  wrong  notions  be  inculcated  in  early 
youth,  from  which  her  natural  conservatism 
will  prevent  her  from  departing. 

The  writer  once  induced  a  lady  to  prepare 
and  cook  a  shad  in  the  following  manner: 
Clean  the  fish ;  lay  it  upon  its  back,  and  with 
a  sharp  knife  cut  on  each  side  of  the  back- 
bone down  the  whole  length  of  the  fish,  deep 
enough  to  sever  the  ribs  from  the  backbone. 
Place  the  fish  on  its  back  in  an  earthen- 
ware dish  large  enough  to  allow  of  its 
lying  at  full  length,  thus  exposing  the  two 
incisions.  Pour  over  the  fish  sufficient 
strong  cider  vinegar  to  cover  it  and  let  it 
remain  for  from  two  to  four  hours.  Broil  or 
fry  in  the  usual  manner. 

The  first  objection  raised  was  that  the 
result  would  be  a  pickled  fish  for  dinner, 
but  when  assured  she  would  have  nothing 
of  the  kind,  she  tried  the  experiment.  To 
her  utter  surprise,  when  the  fish  was  eaten, 
she  had  a  boneless  shad,  the  flavor  not  being 
in  the  least  disturbed  by  the  pickling  process. 
The  acid  in  the  vinegar  had  simply  turned 
the  troublesome  bones  to  a  chalky  consis- 
tency and  they  could  not  be  detected  when 
eaten.  Although  the  experiment  was  an 
absolute  success,  she  has  never  repeated  it. 
Why  ?  Oh,  she  didn't  like  to  be  trying  new 
things,  the  old  way  was  good  enough,  and 
bone  mining  has  gone  on  ever  since  when 
she  has  had  shad  for  dinner.  This  is  the 
delirium  tremens  of  conservatism. 

The  culinary  art,  like  any  other,  would 
become  interesting,  and  cease  to  be  the 
drudgery  it  is,  if  cooks  would  study  and 
think,  instead  of  following  obsolete  ways, 
simply  because  they  were  the  ways  learned 
in  early  youth.  Considering  the  importance 
of  the  subject,  it  is  surprising  how  little  is 
known  by  the  general  public  about  cooking. 
There  are  plenty  of  faultfinders  if  a  meal  is 
not  just  what  it  should  be,  but  comparatively 
few  who  know  anything  about  cooking. 
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LAYING  OUT  QEAR-TEBTH. 


W.  H.  Booth,  London,  Englmui. 

Mr.  Harland  Tuttle's  method  of  laying 
out  gear-teeth,  as  described  by  him  in  the 
Good  Schemes  of  your  April  number,  is  par- 
ticularly interesting  to  me  because  it  is 
almost  identical  with  one  that  I  learned  and 
practiced  in  my '  apprentice  days.  At  the 
same  time  it  is  far  from  common  to  find 
patternmakers  using  this  absolutely  correct 
system.  In  place  of  sheet  zinc,  we  were 
accustomed  to  use  a  piece  of  tinned  plate, 
which  we  brought  to  a  dull  dead  surface 
by  rubbing  with  fine  sandpaper.  Having 
described  the  various  curves,  we  employed 
them  as  grinding  templets,  to  which  we 
fitted  the  cutters.  The  cutters  were  then 
fixed  in  the  revolving  spindle  of  the  dividing 
engine.  Our  dividing  engine  was  a  large 
machine  on  which  we  turned  up  the  blank 
patterns  and  got  all  ready  for  dividing.  On 
the  spindle  that  carried  the  pattern  to  be 
cut,  there  was  a  wheel  of  360  carefully  cut 
teeth,  and  it  was  arranged  with  a  number  of 
change  gears  so  that  we  could  cut  wheels  of 
any  number  of  teeth.  Our  wheel  patterns 
were  thus  very  accurate,  and  truly  pitched. 
The  revolving  cutters  finished  the  teeth, 
except  for  a  final  sandpapering.  Mr.  Tuttle, 
in  his  article,  omits  one  little  detail  that  we 
practiced,  namely,  the  putting  in  of  fillets  at 
the  junction  of  the  teeth  with  the  rim.  It  is 
common  to  see  these  left  sharp,  not  filleted 
at  all,  as  shown  in  Fig.  5  ;  again,  others  put 


Fig.  1. 


Fig.  2. 


in  circalar  fillets.  The  latter  neither  looks 
well  nor  is  it  correct.  I  have  seen  such  cir- 
cular fillets  put  in  so  much  too  full  that  the 
points  of  the  teeth  of  each  wheel  touched  on 
the  fillet  and  had  to  be  filed  ofi*.  The  fillets 
ought  to  be  just  as  correctly  shaped  as  the 
rest  of  the  tooth  curve,  and  this  can  best  be 
done  in  the  following  manner:  In  Fig.  1, 
a  and  b  are  two  roUing  circles  of  the  pitch 


diameters  of  the  respective  wheels.  To  one 
of  these,  6,  a  projecting  piece  is  attached,  as 
shown  in  Fig.  2,  and  this  is  furnished  with 
a  point,  at  a  distance  from  the  curve  equal 
to  the  distance  that  the  tooth  projects  beyond 
the  pitch  line.  If  a  and  b  are  now  rolled 
together  in  firm  contact,  the  scribing  point 
draws  a  curve  1^3,  &a  shown.    The  part  of 


Fig.  3. 


Fio.  4. 


Pig.  5. 


this  curve  between  I  and  ^ — ^from  i  to  its 
lowest  point — is  then  an  appropriate  form  of 
fillet  for  joining  the  curve  of  the  flank  of  the 
tooth  to  the  rim  of  the  wheel,  as  in  Fig.  4. 
In  a  set  of  wheels,  of  course,  exact  opposites 
cannot  be  employed  for  this  purpose,  but 
that  curve  must  be  selected  which  will  give 
the  strongest  tooth  without  contact  at  any 
point  being  possible.  If  the  largest  wheel 
and  the  smallest  of  a  set  clear  each  other,  all 
the  others  of  the  set  will  do  so.  Not  only 
should  there  be  a  properly  formed  fillet  at 
the  base  of  the  tooth,  but  it  would  be  good 
practice  to  take  ofi*  the  very  sharp  edges  at 
the  point  of  the  tooth,  as  shown  in  Fig.  3  ; 
in  England,  this  is  done  now  on  large  wheels 
by  all  the  best  makers.  Fig.  3  also  shows 
the  new  form  of  tooth  (as  regards  length) 
now  recommended  in  place  of  the  old  form 
of  Figs.  4  and  5.  This  shortenina^  of  the 
tooth  adds  much  to  its  strength,  and  the 
wheels  run  every  bit  as  smooth  ;  it  has  been 
adopted  by  some  of  the  best  concerns  in 
England  and  America,  and  should  be  strongly 
advocated  by  those  interested  in  gearing. 

Here  I  would  like  to  say  something  about 
the  keying  on  of  gear-wheels  and  wheels  in 
general.  For  years  1  have  followed  the 
system  that  was  first  adopted,  I  believe,  on 
the  Porter-Allen  engine,  and  I  have  never 
known  it  to  fail,  though  I  have  had  endless 
trouble  convincing  some  men  of  its  merits. 
As  is  perhaps  known,  the  method  consists  in 
boring  the  wheel  to  the  same  diameter  as 
the  shaft,  and  then  shifting  the  wheel  about 
^j  inch  out  of  center  and  reboring  to  the 
same  diameter,  thus  cutting  a  thin  crescent 
out  of  one-half  of  the  hole,  and  then  putting 
the  key  in  at  this  side,  thus  drawing  the 


271 


GOOD  SCHEMES. 


oppoeite  side  of  the  hole  Imrd  agaiost  the 
shaft,  thereby  fixing  the  wheel  abeoIut«ly 
and  truly  central.  Because  the  wheel  (before 
keying]  is  looiC  on  the  shaft,  the  non- 
informed  man  declares  it  is  impossible  to  fix 
it  with  a  key  so  as  to  run  true.  He  thinkB 
he  knows  it  all,  but  the  fact  is  be  does  not 
see  that,  while  with  the  old  system  the 
wheel  and  shaft  are  in  hard  contact  along 
two  lines  only  (namely,  at  the  key  and 
diametrically  opposite),  with  the  new  system 
the  wheel  and  shaft  are  in  hard  conlact  at 
the  key  and  halfvmy  armmd  the  circU  on  Ihe 
oppoitUe  »idt.  or  course,  where  a  wheel  is 
bored  Email  and  then  pressed  on,  there  is  cun- 
tact  all  around  the  bore,  and  this  is  the  best 
job;  but  then,  such  a  fit  is  not  practicable  in 
ordinary  work,  where  the  wheel  may  require 
removal  away  from  shop  facilities,  and  then 
the  method  described  should  be  used. 

TO  THRBAD  A  LONQ  PIPS  IN  A  SHORT 


FOR  BLACKSM ITHB. 

E.  O.  Hurtt,  SelifBfctady,  .V.  V. 

I  RAN  ACROSS  the  followiDg  good  scheme  in 
a  blackemith's  shop  some  time  ago,  and  it 
may  help  out  some  who  have  to  temper 
reamers,  bitA,cloae-coil  springs,  and  thelike: 
Take  a  piece  of  pipe  of  enitable  diameter 


R.  H.  Hampmn,  Armiiloii.  Ma. 

Thr  schkmb  described  here  will,  I  think, 
be  of  interest  to  some  of  the  readers  of  The 
Mbghamc  Aim  Maoazcnb.  A  (t-inch  pipe 
on  the  boilers  at  our  works  was  leaking ;  the 
engineer  and  the  foreman  of  the  machine 
shop  decided  that,  if  two  new  threads  were 
cut  &rther  back  on  the  pipe,  the  leak  would 
be  stopped.  The  foreman  said  that  unfor- 
tunately the  new  thread  could  not  be  cut  in 
our  ihop,  OS  the  pipe  was  9  feet  long  and  our 
lathe  was  only  5  feet  between  centers  ;  and 
we  had  no  pipe  dies.  I  told  the  foreman 
that,  lathe  or  no  lathe,  I  could  cut  it,  and  he 
told  me  to  go  ahead.     I  caught  the  pipe  on 
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the  inside  by  the  chuck  jaws,  as  shown  in 
the  enclosed  sketch,  letting  the  pipe  stand 
away  from  the  chuck  so  as  to  give  clearance 
for  the  tool ;  I  made  a  wooden  steady  rest, 
as  shown  at  a,  the  one  belonging  to  the  lathe 
being  too  small,  and  bolted  it  to  the  bed 
with  the  anchor  plate  belonging  to  the 
lathe  rest.  I  trued  up  the  pipe  and  chased 
the  threads  up  against  the  chuck,  and  made 
a  good  job  of  it  too.  Since  then  1  have 
chased  ft  good  many  different  sizes  and 
lengths  of  pipe  in  the  same  way. 


and  convenient  length,  and  place  inside  it 
the  tool  to  be  tempered ;  now  plug  up  the 
farther  end  with  waste,  to  prevent  the  hot 
gases  from  the  fire  from  passing  up  and 
through  the  tube  ;  all  somewhat  as  shown  in 
the  accompanying  sketch.  By  this  simple 
means,  the  pipe  is  kept  cool  as  long  as  one 

A  USEFUI.  BORINO  TOOL. 


Thb  (aKKATffiT  drawback  of  the  old-time 
boring  tool  is  the  tremendous  amount  of 
forging  required,  and  the  necessity  of  having 
various  lengths  to  (»>rreepond  with  different 
sizes  and  lengths  of  holes.  I  here  give 
description  of  a  lathe  boring  tool  that  does 
not  reqnire  one-tenth  the  forging  of  the  ordi- 
nary tool,  and  the  same  tool  may  be  used  for 
any  length  of  hole,  as  the  tool  may  be  so 
shifted  that  there  is  no  necessity  for  any 
undue  spring.  The  dimensions  given  are  for 
a.  tool  to  be  used  on  a  16-incb  lathe;  for 
other  lathes,  make  in  proportion.  Take  a 
piece  of  ordinary  machinery  steel,  about 
3  in.  X  1  in.  X  5  in.,  see  a  in  the  figure,  and. 
on  the  |-incb  f^,  cut  in  it  as  shown  a  60° 
¥  way  ;  this  block  a  is  then  the  bolder  for 
the  tools,  and  may  be  used  for  any  sice  from 
k  to  i  inch.  Mow  take  a  piece  of  }-inch 
round  tool  steel  any  deaired  length  and  forge 
the  end  in  the  ordinary  way  for  a  boring 
tool,  as  at  d.  If  the  hole  to  be  bored  is 
smaller  than  j  inch,  use  smaller  size  of  steel 
to  suit.     This  is  all  the  making   that    ia 
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required  \a  this  tool.  To  use :  put  the  block 
a  Id  the  tool  post  holder  o,  as  shown  at  (d), 
\a.y  tool  in  the  V  groove,  and  tighten  set- 
screw  e  OD  to  it.    Let  the  tool  project  beyond 


u  a  aimilar  strip  ;  together  these  become  (1 ) 
a  caliper.  With  the  rule  extended  to  the 
right  throngh  head  J)  the  device  becomes 
(2)  a  fri/ g^uare,  and  (3)  a  T  jc/tuire;  wbileon 
the  same  side  of  the  head,  the  device  is  also 
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the  block  a  only  a  IriAe  more  than  the  depth 
of  the  hole  to  be  bored  ;  thus  all  nn  neces- 
sary spring  is  avoided.  Threadingand  other 
tools  can  be  held  in  the  same  block. 

FOR  DRAPTSUBN. 

D.  C  Wnilrr.  TWcdo,  Ohio. 

Thb  following  will  be  found  a  very  con- 
Tenient  way  of  putting  down  and  stretebing 
paper  for  large  drawings :  After  moisteniog 
the  paper  on  the  back  in  the  usual  manner, 
instead  of  turning  up  a  half  inch  all  around, 
tear  some  long  strips  of  tracing  doth  about 
1  inch  wide  and  coat  one  side  of  them  with 
good  heavy  mucilage.  Place  the  moistened 
paper  in  position  on  the  board,  and  lay  the 
stripe  of  cloth  around  the  edge,  with  one 
half  over  the  paper  and  the  other  half  on  the 
drawing  board  ;  do  this  all  round  the  edge 
of  the  paper.  When  dry  it  will  be  found 
ttiat  the  paper  is  perfectly  stretched,  and  the 
actual  work  of  muuntii^is  done  in  one-fourth 
the  time  required  by  theold  way.  The  strips 
can  be  removed  by  simply  pulling  off,  and 
c«n  be  used  ^^in. 


(■1)  a  depth  gauge,  for  mortises  and  box  work 
not  exceeding  8  inches  in  depth.  At  £  I 
fixed  a  hardened-steel  point,  and  this  con- 
verts the  device  into  (5)  a  marting  gauge. 
The  tool  has  thus  five  distinct  uses. 

TBSTINO  HELICAl.  SPRINGS. 


k  HAPPY  COMBINATION. 


llltiro 


The  aocompanviho  sketch  represents  a 
home-made  device,  of  my  own  construction, 
that  I  find  useful  in  a  variety  of  ways.  Re- 
ferring to  the  sketch,  £  is  a  graduated  steel 
BcaJe  ;  Zt  is  a  hardwood  head,  in  which,  and 
also  in  the  sleeve  C,  the  rule  slides;  Fis  a 
knurled- headed  setscrew  to  hold  the  rule  at 
any  deaired  position.  At  a,  brazed  to  the 
rale,  is  a  strip  of  metal ;  at  a'  secured  to  C, 


A  FEW  DAYS  ago  I  was  testing  some  large 
springs  by  closing  them,  coil  to  coil,  in  my 
bench  vise.  The  third  one  brokeand  flew  to 
pieces,  one  of  the  fragments  passing  danger- 
ously near  my  bead,  I  wh%  in  no  hurry 
to  test  any  more  of  them,  until  it  occurred 
to  me  that,  if  I  enclosed  each  spring  in  a 
piece  of  pipe  a  triAe  shorter  than  the  closed 
spring.  I  wonid  be  perfectly  safe  in  any 
event.  I  did  so,  and  though  several  of  the 
springs  broke,  I  was  in  no  danger  whatever, 
the  pieces  staying  harmlessly  in  the  pipe. 

A  LAMP  SHADS. 


A  ciiNVBNiKNT  lamp  shade  for  any  one 
engaged  in  reading  or  other  close  work  at 
night  can  be  quickly  made,  and  at  practically 
no  expense,  out  of  a  square  piece  of  paper 
or  thin  pasteboard  — 
preferably  of  a  dark- 
green  color — fixed  to  the 
lamp  by  means  of  a 
piece  of  wire  bent  to  the 
shape  shown  in  the  fig- 
ure. Tliat  part  of  the 
wire  passinfr  through  the 
paper  can  be  bent  so  aa 
to  vary  the  angle  of  the 
shade  and  thus  increase 
or  decrease  the  amount 
of  light  thrown  around. 
By  passing  the  wire  through  the  paper  in 
the  manner  indicated,  the  paper  is  prevented 
from  coming  in  contact  with  the  chimney. 
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K  UNIVERSAL  BSVBL  PROTRACTOR. 


BOOKS  AND  CATALOGUES. 

The  iLLUffTBATioN  on  thifl  page  reprewnte         Thk  Stkam  Enoise  Indicator.     DlroctionB 
ly  improveil  universal  bevel  pro-     for  the  selecCioD,  care,  and  xiae  of  the  instru- 


the 

tractor  mode  by  Brown  &  Sharpe  Mfg.  Co., 
Providence,  R.  I.  This  will  be  found  a  very 
convenient  tool  for  use  in  any  machine  shop 
or  manufactory  ;  its  ases  as  a  protractor  are 
practically  unlimited,  as  the  cuts  on  the 
opposite  page  go  to  show,  these  being  but  a 
few  of  its  niany  applicatjons.  It  is  well 
adapted  for  all  classes  of  work  w,here  angles 
ar«  to  be  laid  out  or  established,  and,  as  the 
graduations  on  the  dial  are  accuraU,  and  all 
the  alinements  correct,  abtolvtdy  precise 
measurements  can  be  obtained.  The  work- 
manship, like  that  upon  all  tools  turned  out 
by  the  Brown  &  SbarpeMfg.  Co.,  is  the  very 
best  of  its  class. 

The  dial  is  graduated  in  degrees  entirely 
around  the  circle,  and  one-half  and  one- 


quarter  d^rees  can  easily  be  estimated  ;  it 

turns  on  a  large  central  stud,  hardened  and 
ground,  and  when  set  can  be  rigidly  clamped 
by  the  thumb.nut  shown  in  the  cut.  The 
blades,  which  are  about  i  inch  thick,  can  be 
drawn  out  to  their  full  length  and  clamped 
independently  of  the  dial.    The  graduation      graphical  execution  of  the  work  is  i 


ment  and  the  analysis  and  computation  of 
the  diagram.  Compiled  from  tlie  r^nlar 
issues  of  "Power.''  With  tevisions  and 
extensions  comprising  numerous  tables. 
The  Power  Publishing  Co.,  New  York. 
Price,  11.  W. 

Of  the  many  books  that  have  been  written 
on  the  steam-engine  indicator  the  present 
one  is  probably  best  calculated  to  fill  the 
wants  of  the  practical  engineer.  It  treats 
the  subject  in  a  thorough  manner  without 
being  long-winded.  It  presupposes  a  certain 
familiarity  with  the  indicator  and  its  uses, 
therefore  is  not  overloaded  with  a  chapter 
describing  the  various  makes,  but  starts  off 
with  an  enumeration  of  the  reqnirements  of 
a  perfect  inatrnment,  giving  the  reader 
advice  to  guide  him  in  the  purchase  of  an 
indicator  suitable  for  his  wants.  The  dis- 
cussion of  the  diagram,  its  various  puts,  and 
the  causes  of  their  deviations  from  the  ideal 
lines,  is  excellent.  The  planimeter  comes  in 
foritssbare  in  Chapter  XII.  Here,  too,  more 
importance  is  placed  on  the  practical  use  of 
the  instrument  than  on  its  theory  or  on  the 
description  of  its  various  forms.  A  number 
of  tables  bcilitating  the  work  of  computa- 
tion, some  of  which  we  believe  are  original 
with  the  author,  are  given.  Two  chapters 
are  dedicated  to  diagrams  of  compoond 
engines,  a  subject  not  oflen  found  so  well 
treated  in  books  on  the  indicator. 

We  take  pleasure  in  strongly  recommend- 
ing the  book  to  Btndents  and  engineers  alike. 
Having  given  the  author  1:!^  dues,  we  cannot 
refrain   from    mentioning,'    uat   the  typo- 


lines  are  below  the  surface,  and  are  thu< 
protected  from  wear,  A  feature  that  is  of 
particular  interest,  and  one  that  will  be 
appreciated  by  draftsmen  and  toolmakers, 
is  that  one  side  of  the  stock  18,^1',  thus  per- 
mitting the  instrument  to  be  laid  upon  the 
paper  or  work.  The  blade  usually  supplied 
is  6  inches  long,  but  a  12-inch  blade  can  be 
furnished  if  desired.  The  price  with  S-inch 
blade  is  $8.00  ;  this  in  morocco  case  ia  $9.00, 
With  12-inch  blade,  the  price  is  (9,00 ;  in 
:,  $10.50. 


standard,  a  fact  that  is  regrettable, 
inasmuch  as  the  figures  of  the  tables  are 
in  many  instances  indistinct  and  in  some 
places  entirely  oblit«rated. 

Brown'm  Mancai.  op  Assayibo,  eighth 
edition.  Published  by  E.  H.  Sargent  &  Co., 
Chicago,  550  pwee,  134  illustrations,  wiUt 
one  colored  scoriner  ptat«.  Price,  bound  in 
cloth,  (2,50  ;  in  leather,  $3.00, 

Brown's  Manual  has  gone  through  too 
many  editions  to  need  special  introduction 
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to  aseayera  or  thoee  intereeted  in  similar 
work.  It  has  alw&ys  been  one  of  the  beet 
manuals  on  the  subject  for  an;  person  not 
wishing  to  go  into  the  heart  of  the  subject, 
u  the  manual  does  not  introduce  chemical 
equations  or  difficult  mathematics,  but  baa 
always  been  a  plain,  common-sense  manual. 


mathematical  and  typographical  errota  that 
had  been  diRcovered  in  the  previous  editione, 
ao  that  at  preaent  the  book  stands  as  a 
thoroughly  tested  and  reliable  manool  on 
the  subject  it  is  intended  to  treat  on.  In  the 
note  upon  this  edition,  the  author,  Mr. 
Walter  Lee  Brown,  takes  occeaion  to  call 


In  glancing  over  the  preaent  edition  it  wUl      attention  to  the  fact  that  Mr.  Charles  F. 
be  noticed  that  the  general  appearance  and      Chandler,  of  the  School  of  Mines  of  Colum- 


typographical  work  in  the  book  is  of  a  highei 
standard  than  most  aimilar  publications. 
The  list  of  useful  books  more  or  less  con- 
nected with  assaying  has  been  revised  and 
brought  np  to  date,  and  a  careful  investiga- 
tion has  been  made  to  correct  all  of  the 


bia  University,  New  York  City,  deserves 
the  credit  for  having  devised  and  put  into 
use  the  "Assay-Ton"  system  of  weights,  a 
eyetem  that  has  proved  of  such  great  use 
to  all  assayers,  and  which  ban  always  been 
described  in  Brown's  Manual, 
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Mechanical  Movements,  Powers,  Devices. 
AND  Appliances.  Used  in  constructive  and 
operative  machinery  and  the  mechanical  arts. 
For  the  use  of  inventors,  mechanics,  en^- 
neers,  draftsmen,  and  all  others  interested  in 
any  way  in  mechanics.  By  Gardner  D. 
Hiscox,  M.  E.  Norman  W.  Henley  and  Co., 
New  York,  publishers.    Price  $3.00. 

This  book  contains  a  classified  collection  of 
all  sorts  of  mechanical  movements  and  com- 
binations, good,  bad,  and  indifferent.  Its 
preparation  must  have  been  no  small  task, 
considering  that  it  contains  over  sixteen 
hundred  illustrations,  each  accompanied  by  a 
short  description.  There  are  400  pages  of  it. 
There  can  be  no  doubt  as  to  the  utility  of  such 
a  collection.  It  is  to  serve  mostly,  we  take 
it,  to  give  welcome  suggestions  for  the  solu- 
tion of  mechanical  problems,  to  aid  and 
stimulate,  as  it  were,  the  inventive  faculty. 
Taking  the  intention  of  the  compiler  to  have 
been  such,  from  his  recommendation  of  the 
book  to  inventors,  mechanics,  etc.,  we  can- 
not but  feel  that  he  has  overshot  the  mark  in 
some  cases.  Thus,  we  do  not  see  the  utility 
of  a  picture  of  a  typewriter,  or  a  bassoon, 
or  any  complete  instrument,  appliance,  or 
machine.  If,  on  the  other  hand,  the  book 
were  intended  to  be  a  mechanical  dictionary, 
it  would  be  woefully  lacking,  as  it  then 
should  contain  ten  times  as  much.  But  this 
is  evidently  not  the  author's  aim.  The  book 
is  certainly  worth  every  penny  of  its  price, 
and  more,  to  whoever  can  make  use  of  it. 

Notes  on  Descriptive  Geometry,  With 
Exercises.  By  Prof.  W.  L.  Aines,  Worces- 
ter Polytechnic  Institute.  Third  edition,  89 
pa^es.  Published  by  Moore  &  Langen 
Printing  Co.,  Terre  Haute,  Ind.  Price  60 
cents. 

The  distinguishing  feature  of  this  little 
book  is  the  large  quantity  of  matter  crowded 
into  a  small  space.  All  the  usual  problems 
on  points,  lines,  and  planes,  are  given  in  the 
first  sixty  pages  ;  the  remaining  thirty  pages 
are  devoted  to  the  following  subjects :  tan- 
gent planes,  sections,  intersections  of  surfaces, 
development  of  surfaces,  helicoidal  surfaces, 
and  the  hyperboloid  of  revolution.  The 
extreme  brevity  is  largely  due  to  the  concise 
notation  adopted.  We  quote  one  problem  to 
show  the  style  of  presentation  : 

**  Problem  22. — Given  one  projection  of  a  line 
contained  in  a  plane^  to  find  the  other  projection. 
Given  the  planes  1  and  v4*.  Fig.  50.  This 
determines  the  H  trace  and  U  projection 
of  the  V  trace  of  A.  Since  the  V  projec- 
tion of  the  H  trace  lies  in  X,  and  the  V  trace 
lies  in  i%  A''  which  contains  these  points  is 
readily  determined." 


When  one  has  mastered  the  notation 
employed — and  this  is  an  easy  matter — these 
few  words,  in  connection  .with  the  figure, 
give  a  clearer  conception  of  the  problem 
than  the  usual  description  of  four  times  the 
length.  Recognizing  the  fact  that  the  third- 
angle  method  of  projection  is  destined  to 
universal  use,  the  author  has  employed  the 
third  angle  almost  exclusively  in  problems 
and  exercises.  This  feature  will  make  the 
book  peculiarly  acceptable  to  draftsmen.  A 
valuable  feature  of  the  book  is  the  large 
number  of  exercises— 206  in  all ;  many  of 
these  are  practical  in  their  nature.  As  the 
name  indicates,  the  book  consists  of  notes 
originally  prepared  for  students'  use  in  the 
classroom.  There  can  be  no  question  that 
the  book  is  well  suited  to  classroom  instruc- 
tion ;  and  while  its  conciseness  may  prove  an 
objection  to  its  use  outside  of  the  classroom, 
we  believe  that  any  one  desiring  to  study  the 
principles  of  descriptive  geometry  will  do 
well  to  add  the  book  to  his  library. 

Copies  may  be  obtained  of  Mrs.  S.  P. 
Burton,  Rose  Polytechnic  Institute,  Terre 
Haute,  Ind. 

NEW  BOOKS  OF  INTEREST. 

Any  of  which  can  he  obtained  from  The  Techni- 
cal Supply  Co.f  ScrarUony  Pa. 

'^Haswell's  Mechanics'  and  Engineers' 
Pocketbook."  Sixty-fourth  edition.  Chas. 
H.  Haswell.    $4.00. 

*  *  Machine  Design. ' '  Part  II.  Forrest  Jones. 
$3.00. 

"Elementary  Physics  and  Chemistry." 
R.  A.  Gregory  and  A.  T.  Simmons.    50  cents. 

*  *  Blackboard  Drawing. ' '  Hints  on  sketch- 
ing natural  forms.    W.  E.  Spark es.    $2.00. 

"Practical  Notes  on  Hydraulic  Mining." 
Second  edition.    G.  H.  Evans.    $1.00. 

"Internal  Wiring  of  Buildings."  H.  M. 
Leaf.    $1.40. 

' '  Sewer  Design. "    H.  N.  Ogden.    $2.00. 

"Locomotive  Engine  Runniug  and  Man- 
agement." Twenty-first  edition ;  rewritten. 
Angus  Sinclair.    $2.00. 

"Chemical  and  Metallurgist  Handbook 
for  the  Use  of  Chemists."  Pocketbook.  J. 
H.  Cremer  and  G.  A.  Bicknell.    $3.00. 

'  *  Characters  of  Crystals. ' '  Alfred  J.  Moses. 
^2.00. 

"Stars  and  Telescopes."  Popular  astron- 
omy.    D.  P.  Todd.     $2.00. 

"  3Ia8sage  and  the  Original  Swedish  Move- 
ments." Fourth  edition ;  revised  and 
enlarged.     Kurre  W.  Ostrom.    $1.00. 
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Note.— Jdtfrot  uU  letten  conWnfiv  qwsttoiu  Is  tw 
anfwraJ  ill  lAii  depatiminil  to  TaE  MeCHAMC  AKIS 
Uaoazink.  Srronton,  J^, 

1.  Put  Ml  addreii  both  on  lAe  tnvdopt  and  a'  lAe 
4aul  lit  the  letter. 

t.  (Mv  quattoru  qf  genrral  tnterat  U)  cur  reader) 
viti  be  anmrcred. 

5.  jVo  fti£«£ioiu  urUJ  be  antioered  t/n  mcU. 

^  I>ravrtngt  or  dxtcha  accrmpwiying  tfueKtiona  thaitid 
be  viade  on  a  leparaU  tft«(  i^  paper,  and  thould  be 
dravn  at  cteariy  (U  fhWnUf , 

1.  The  namei  and  fail  addrata  of  the  wrOert  mtut 
acfompany  the lettert.omo atteMtonwiUbep<ad  to  them. 
Valta  0<AertBltertijueeled,fcevitlipvblWiOnly  theinUiait 
tad  odilmv  of  the  wtiter. 

6,  S^ermce  to  inqairUa  preriouely  ann/ered  thotdd 
give  dale  qf  leave  and  number  qf  ifitettiim. 

1.  Jnv  book  not  out  qf  print  and  for  taie  byreguiar 
dealers  may  tie  ordered  through  the  Magiaine- 

(I3T)  In  HoHE  arvnt  Maoizink,  Janunry,  Ism, 
Annren  la  luquliie*.  No.546  ib).  I  find  tbe  followliig : 
"We  know  [hat  thetupof  the  wbeel  or  a  moving 
bonv  KMfl  faster  than  tJie bottom."  la  thii  w?  How 
cm  It  MM),  when  the  wheel  U  !□  ooe  •oUd piece? 
J.  H„  CTMoentvlIle,  Ohio, 

ANB.— The  rollowlng  will  muke  it  plain  to  roo' 
SappoM  the  felloe  and  tire  of  the  wheel  to  be 
remared,  leaTlng  the  hub  and  the  projecting  apoliea, 
*■  Id  Pig,  1.  ir  the  wheel  In  thlt  condition  la  cauied 
to  turn,  the  motion  li  not  exactly  rolling,  but  a  terlea 
of  roIaUong  about  the  endiof  the  spokea  ai  tbey  Buc- 
ecolTely  come  In  contact  with  the  ground.    Thui.  aa 


•bout  the  end  a  of  the  ipoke  l.  which  is  the  only 
point  of  the  wheel  In  contact  with  the  ground.  In 
u  Innant  the  end  d  of  spoke  :  will  loach  the  ground, 
point  a  will  be  lifted,  and  the  whole  wheel  will 
■wIngaboutpolDtdua  center.  Now,  If  there  were 
tvlctatmanf  apokea.  the  moliOQ  would  bcumoother  ; 
and  If  (here  were  tbiM  or  four  times  ai  many,  it 


any  c»ie,  however,  iho 
cAaroclrr  of  the  motion  would  remain  the  same :  that 
la.  the  motion  would  be  made  up  of  a  eucceulon  of 
short  swing*  about  the  ends  or  the  spokes,  Carrying 
the  matter  a  little  further.  It  la  not  dlfflcult  to  see 
that  a  wheel  with  a  rim  might  be  conceived  aa 
having  a  very  great  number  of  spokes,  t): 


5® 


Important  fact :  A  rolling  body  rotates  aa  a  whole 
about  the  point  in  contact  with  the  ground.  Thus. 
the  roller  ahown  at  A,  Big.  2,  Is  swinging  aa  a  whole 
abOQtChe  point  of  contact  a  Just  as  tmly  ai  the  wheel 
of  PU.  1  la  swinging  about  the  end  a  of  the  spoke. 
When  a  body  rotates  about  a  flied  point,  or  ails,  It 
la  easy  to  And  how  fkst  any  given  po^t  U  moving  at 
any  Instant,  and  also  the  direction  of  Its  motion.  For 
eiomple,  In  Fig.  I.  a  la  the  flied  point ;  auppose  the 
center  c  of  the  wheel  to  be  moving  5  feet  per  second. 
The  point  b  at  the  end  of  the  upper  spoke  Is  twice  aa 
tar  from  a  oa  from  the  center  c,  and  It  is  plain  that  It 
moves  twice  as  far  in  the  same  time,  or,  In  other 
words,  moves  twiceaatlist  oa  the  center c.  The  point 
c  Is  about  1.4  times  as  fu  from  a  aa  from  the  renter  c, 
and  hence  It  la  moving  about  s  x  1.4  —  7  feet  per 
second.  If  we  wish  to  find  In  what  direction  e  is 
moving,  we  describe  an  arc  of  a  drele  through  e  with 
point  aaa  a  center.  Id  the  some  way.  the  direction 
ofmotloDot  point  e.  Fig,  2,  Is  determined,  Thereis 
thia  difference,  however:  In  Fig.  1.  point  c  followa  the 
circular  path  until  the  end  il  atrlkee  the  ground, 
while  In  Fig.  2  (be  circular  arc  la  the  path  of  the 
point  fOr  only  an  Inatant.  The  apeed  of  any  polntof 
the  roller  of  Fig.  2  la  found  as  above  ahown  :  thus, 
the  top  point  b  moves  twice  as  fast  as  the  center  c, 
because  it  Is  twice  as  far  from  tbe  center  of  rotation  a. 
In  general,  the  speed  of  any  point  of  a  rolling  body 
la  exactly  proportional  to  Its  distance  ftom  the  point 
of  contact  with  the  ground.  The  anawer  to  the 
wagon-wheel  question  le  now  apparent.  Thetopof 
the  wheel  Is,  at  any  given  Inatant.  moving  twice  as 
fast  oa  the  center,  and  therefore  very  many  timea  as 
fast  aa  a  point  near  the  bottom  of  ttie  wheel.  This 
fact  maybe  confirmed  by  watching  the  wheel  of  a 
rapidly  moving  carriage  :  the  upper  spokea  form  a 
blurred  maze,  while  the  lower  onea  can  be  seen  dis- 
tinctly. That  the  top  of  a  roller  moves  twice  aa  font 
as  the  center  may  be  shown  by  a  very  old  experi- 
ment. Take  a  plank  and  move  it  on  top  of  a  roller, 
as  shown  In  Fig.  2.  It  will  be  found  that  when  the 
plank  has  moved,  say  10  feet,  the  center  of  the  roller 
has  moved  just  b  feel,  showing  that  the  point  In  con- 
tact with  the  plank  moves  twice  as  [hat  as  the  center. 
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ANSWERS  TO  INQUIRIES. 


(138)  (a)  In  designing  a  gas  engine,  in  which 
diameter  of  piston  is  2  inches,  stroke  24  inches,  clear- 
ance in  cylinder  equal  to  one-half  the  volume  swept 
through  by  the  piston,  what  should  be  the  weight  of 
the  flywheel.  10  inches  in  diameter,  to  give  proper 
compression  ?  The  speed  must  not  fall  below  200 
revolutions  per  minute.  Please  give  formulas  and 
explain.  (6)  Would  cast  iron  be  suitable  for  the 
valve  seats  of  this  engine,  or  what  is  the  best  metal 
of  which  to  make  them?        J.  B.,  Bridgeton,  N.  J. 

Ans.—{a)  As  you  do  not  state  whether  the  engine 
is  of  the  two-cycle  or  the  four-cycle  type,  we  will 
assume  the  latter.  The  theoretical  formula  for  the 
weight  of  the  flv wheel  is  as  follows : 


ir  =  -  - 


where 


W  ^    weight  of  flywheel  rim  in  pounds ; 
g  =  32.1K,  acceleration  due  to  gravity; 
n  ^  ratio  between   mean  radius  of  fly- 
wheel rim  and  length  of  crank ; 
E  =  coefilcient  of   unsteadiness,   varies 

ttom  ^  to  x4» ; 
V  -  mean  velocity  of  crankpin,  feet  per 

second ; 
H  —  number  of  foot-pounds  that  must  be 
stored  up  by  flywheel  per  working 
stroke. 
The  work  done  on  the  piston  during  the  working 
stroke  will  be  about  25  foot-pounds.    With  a  four- 
cycle engine,  at  least  80  per  cent,  of  this  must  be 
stored  to  do  the  work  of  compression,  and  carry  the 
engine  through  the  other  three  strokes.    We  will 
therefore  take  H  =  20  foot-pounds,  and  will  assume 
E  =  ^.    From  the  given  data, 

2J    .  200 


rt  ^  5  -!- 1|  —  4,  and  V 


"  ^  12  ^  60 


2.18  ft.  per  sec. 


Substituting  in  the  formula. 

•20  X  :«.16 


You  will  readily  see  that  this  is  an  excevsive  weight 
foe  a  10-inch  wheel.  If  you  make  the  mean  diameter 
15  inches,  n    --  6,  and  the  weight  required  will  be 

'254  lb.  X  ^  -■  113  pounds;  and,  if  the  diameter  is  20 

4* 
inches,  the  weight  will  be  254  lb.  x  r:^  =  634  pounds. 

It  would,  therefore,  seem  preferable  to  use  a  lighter 
wheel  with  a  larger  diameter,  (b)  Cast  iron  is  the 
material  ordinarily  used.  ' 


«  « 


(139) 


How  are  mirrors  made? 

J.  R.,  WtX)nsocket,  R.  I. 
AN8.— See  HosffE  Study  Magazine,  October,  1898, 
Answers  to  Inquiries,  No.  418. 

* 

(140)    (a)  Referring  to  the  enclosed  sketch,  Fig.  2. 

what  is  the  diameter  d 
of  oneof  the  fl  ve  equal- 
sized  balls  that  will 
iust  flU  a  cylinder  10 
Inches  in  diameter, 
that  is,  f*o  that  each 
ball  will  touch  the 
wall  of  the  cylinder 
and  two  other  balls? 
(6)  What  is  the  diam- 
eter of  a  sixth  ball  that 
will  touch  each  of  the 
five  balls,  and  also  the 


fM  MCaune  MTt  MMML 

Fig.  1. 


plane  upon   which 
these  balls  are  resting?     F.  W,  K.,  Providence,  R.  I. 

ANs.— (a)  In  the  right  triangle  A  B  0,  Fig.  2,  the 
angle  A  OB      a-    ^X  3G0°   -  36°. 

And    sin  a  =  ,,  .  ^  „  .. ;   therefore,  6  --= 


Also, 


OA'  2b' 


2  sin  a 


where  D  denotes   the   diameter    of  the  cylinder. 

d  d      D 


Therefore, 


2  sin  a  "*"  2 


whence, 

Also, 

b 


d~ 


D  sin  a 
1  +  t>in  a 


(1) 


d  D  sin  a      -    .  D 

•=  -  -i-  2  «in  a  ■=    -  -  —  ■' 

2  sin  a      1+sina  2(1  +  sin  a) 

(6)  Fig.  2  shows  a  section  through  the  axis  of  the 

cylinder  and  the  center  of  one  of  the  balls.    Let  x  » 

P  E  =  radius  of  sixth  ball.    Then,  we  have 

D 


and 


2(1  -rsin  a) 
PA  =  X  +  -;.   A  R  ^  ^x. 


2x^ 


(2) 


In  the  right  triangle  A  P  R.'vt  have 
AF^  =  PJJ*  -I-  A~I^. 

or.         (x.^)'  =  ^..(^x)^ 

whence,  2dx-=b*,  which  gives 

»  *^  _  ^1  2^1>slna       D 

^''  2d  ""4(1  -i-sin  a«)  "^  l  +  sina"  8iina(l +sina)' 
Hence,  diameter  of  sixth  ball  is 

p 
4  sin  a(l  -t-  sin  a)* 
In  a  table  of  natural  sines  we  And  »ln  a  »  sin  36°  - 
.58779.    Using  this  value  of  sin  a  and  putting  D  =  10, 
we  get  d  —  3.702,  nearly,  and  2  z  —  2.678,  nearly. 

* 

(141 )  How  will  it  aflTect  the  running  of  an  Arming- 
ton  &  Sims  engine  if  the  tensions  of  the  springs  of  the 
governor  are  unequal  ?     W.  T.  G.,  Providence,  R.  L 

AN8.— The  difi'erent  parts  of  the  governor  are  con- 
nected in  such  a  way  that,  theoretically,  a  diflTerence 
in  the  tensions  of  the  springs  does  not  affect  the  nm- 
ning  of  the  engine :  the  sum  of  the  ceotriftigal  forces 
of  the  two  weights  is  resisted  by  the  sum  of  the  toi* 
sions  of  the  two  springs,  the  connections  between  the 
two  weights  forcing  all  to  move  together,  so  that  the 
effect  is  the  same  as  if  but  one  weight  and  one  spring 
were  used,  the  centrifugal  force  and  tension  of  the 
two  being  respectively  equal  to  the  sums  of  the  cen- 
trifugal forces  and  tensions  of  the  two  weights  and 
springs.  Practically,  an  inequality  in  the  tensicHis 
will  increase  the  friction  of  the  governor  parts,  and 
tend  to  make  the  governor  less  sensitive. 
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(142)  (a)  !■  there  any  preparation  that  will  dis- 
•olye  the  "scale"  which  forms  on  metal  when 
brazing  r  I  use  a  gasoline  braiingftimace,  with  borax 
as  a  flux,  (b)  What  is  the  lightest  gauge  of  Shelby 
steel  tubing  1)  inches  in  diameter  that  can  be  safely 
used  for  the  finune  of  a  bicycle? 

G.  C.  W..  Conesus,  N.  Y. 
Ans.— (a)  Notthatwelmowof.  (&)  It  is  impossible 
for  us  to  say.  The  weight  of  tubing  suitable  for  a 
bicycle  fi'ame  is  best  determined  by  experiment; 
the  history  of  the  bicyle  proves  this.  Manufacturers 
gradiially  reduced  the  weight  until  they  found  that 
they  had  gone  too  Car,  and  bicycles  were  continually 
Iveaking  down ;  then  they  increased  the  weight 
slightly.  The  stresses  in  a  bicycle  frame  vary  so 
much  with  the  character  of  the  road,  weight  of  rider, 
and  speed  attained,  that  it  is  impossible  by  means  of 
figuring  to  do  more  than  corroborate  what  experi- 
ment teaches.  In  Home  Study  Magazine,  Jaly  and 
August,  1896.  there  is  an  excellent  article  by  BenJ.  F. 
La  Rue.  entitled  "Stresses  in  a  Bicycle  Frame,"  that 
you  should  read. 

(143)  (a)  In  a  mine  having  three  sections;  with  50 
iners  in  each  section  ;  cars  to  hold  U  tons ;  output, 

750  tons  per  day :  roads  approximately  level :  what 
system  of  haulage  will  be  most  economical?  (6)  In  a 
mine  using  electric  haulage,  with  a  voltage  of  500, 
overcom pound  10-per-cent.  trolley  svstem  (600  volts 
considered  fatal),  what  means  would  you  use  to  pro- 
tect persons  from  shocks,  and  what  would  be  the 
result  if  a  person  came  in  contact  with  the  live  wire  ? 
lliese  questions  were  given  in  an  examination  in 
1897.  {e)  What  is  the  meaning  of  the  expression 
"overcompound?"      H.  M.  McA.,  McCartney,  Fa. 

Ans.— (a)  Electric  or  compressed-air  locomotive 
haulage,  particularly  if  electricity  or  compressed  air 
is  used  about  the  mine  for  other  purposes.  (5)  The 
wire  should  be  placed  on  the  rib  side,  near  the  roof, 
or  sufficiently  high  to  clear  the  heads  of  the  men  and 
mules  while  passing  with  cars.  As  an  overcompound 
10-per-cent.  trolley  system  would  never  give  a  Idgher 
voltage  than  500  +  (500  X  .10)  =-550  volts,  it  would 
not.  therefore,  according  to  the  above  assumption, 
be  fatal  to  any  healthy  person  who  came  in  contact 
with  the  live  trolley  wire,  (c)  "Overcompound" 
means  that  the  generator  or  dynamo  is  so  wound 
that  the  voltage  between  the  terminals  increases 
with  an  increase  of  load. 

(144)  In  mv  steam  launch  I  have  a  water  pump 
driven  bya  4'' X  6"  engine  running  at  250  revolutions 
a  minute ;  steam  pressure,  100  pounds  gauge.  The 
pomp  has  a  1-inch  plunger  and  about  l^mch  stroke ; 
the  supply  and  the  feed  pipes  are  |  inch.  When 
the  pressure  gets  above  50  pounds,  the  valves  of 
the  pump  pound  very  hard.  Please  tell  me  how  to 
remedy  this.  I  may  add  that  the  pum  p  supplies  about 
the  right  quantity  of  water  with  the  present  stroke, 
but  the  stroke  can  be  altered  if  desirable :  the  valves 
are  standard  check.  R.  S.  D.,  Peterboro,  Ont. 

Aics.— It  is  probable  that  the  trouble  can  be  reme- 
died by  the  use  of  larger  check- valves.  By  using 
larger  valves  the  lift  will  be  less  and  they  will  return 
to  their  seats  with  little  if  any  Jar. 

(145)  (a)  How  would  you  proceed  to  throw  a 
crooB-com pound  engine  off  the  center?  (b)  How 
would  you  proceed  to  set  the  valves  of  a  boiler-feed 
duplex  steam  pump?  C.  R.  D.,  Lolo,  Mont. 

Aiis.— (a)  If  there  is  no  by-pass  valve  or  other 
derioe,  by  means  of  which  steam  can  be  admitted 
directly  to  the  low-pressure  cylinder  from  the  steam 
pipe,  it  will  generally  be  possible,  by  using  the  start- 
ing bar,  to  work  enough  steam  into  the  low-pressure 
cylinder  through  the  high-pressure  cylinder  to  start 
the  engine.  (6)  There  are  several  sizes  and  types  of 
duplex  pump,  varying  somewhat  in  detail ;  the  fol- 
lowing general  rule,  however,  which  applies  equslly 


well  to  any  make  of  duplex  pump,  should  be  suffi- 
cient to  enable  you  to  set  the  valves  on  any  size :  set 
the  valves  so  that.  Just  before  one  piston  comes  to  rest 
at  the  end  of  its  stroke,  the  valve  that  regulates  the 
admission  of  steam  to  the  opposite  piston  will  be  com- 
pletely shifted,  thus  starting  that  piston  on  its  stroke. 
By  this  arrangement,  one  piston  slows  down  and 
comes  to  rest,  while  its  mate  is  beginning  its  stroke ; 
the  discharge  of  the  pump  Is  thus  made  nearly  uni- 
form, and  there  is  little  or  no  shock.  The  method  of 
adjusting  the  valve  for  any  particular  pump  is  gen- 
erally so  obvious  that  no  engineer  should  have  any 
trouble  in  setting  the  valve  so  as  to  obtain  the  motion 
described. 

(146)  (a)  What  is  the  effect  of  too  much  travel  of 
an  air-brake  piston  ?  (b)  Has  it  anything  to  do  with 
skidding  the  car  wheels? 

A.  M.  L..  Fairmont,  W.Va. 

Ans.— (a)  Increasing  the  travel  of  the  air-cylinder 
piston  increases  the  volume  of  the  cylinder,  and,  as 
this  increased  space  must  be  filled  by  the  auxiliary 
pressure  each  time  a  train-line  reduction  is  made, 
the  brake  will  not  set  as  hard  for  a  given  reduction 
as  one  that  has  a  shorter  travel.  Also,  increasing 
the  travel  decreases  the  pressure  at  which  the  brake 
cylinder  and  auxiliary  reservoir  equalize:  hence, 
the  brake  will  not  hold  as  well  as  the  shorter  travel 
brake,  on  a  ftill  application,  either,  {b)  A  brake 
with  a  long  piston  travel  does  not  apply  as  hard  as 
a  short-travel  brake,  and  moreover  releases  earlier, 
and  applies  in  fUll  later  than  a  short-travel  brake ; 
consequently,  it  has  no  tendency  to  skid  the  wheels. 
Short  travel,  on  the  other  hand,  is  very  liable  to 
cause  the  wheels  to  skid. 

*  « 

(147)  (a)  Do  you  know  of  any  preparation  that 
will  keep  leather  belts  soft?  (6)  Wnat  is  ihe  proper 
name  for  the  bar  between  a  door  and  the  transom 
above?  In  the  enclosed  sketch,  I  have  marked  by 
the  letter  a  the  bar  referred  to.  (c)  What  is  the 
name  of  the  bar  in  the  transom  window  marked  6? 

J.T.P.Quincy.  111. 
Ans.— (a)  There  are  many  special  preparations  on 
the  market.    Castor  oil  is  an  efficient  belt  softener. 
Read  "In  the  Workshop,"  in  the  April  number  of 


a 

1 
1 

1 

The  Mechanic  Arts  Magazine;  it  contains  pome 
useful  practical  hints  about  the  care  of  belting, 
(b)  The  bar  or  mullion  a  is  U«ef/  properly  the  tran- 
som. The  sash  above  is  called  the  transom  sash 
because  it  rests  on  the  transom,  (r)  The  bars  b  are 
called  sash  bars  or  astragals. 

(148)  Which  of  the  following  methods  of  forcing 
water  into  a  tank  requires  the  most  power— up 
through  the  bottom  of  the  tank,  or  up  over  the  top  of 
the  tank?  J.  B.  B.,  Cromwell,  Conn. 

Ans.— If  you  force  water  into  the  bottom  of  the  tank 
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you  will  want  a  check-valve,  which  means  extra 
work  and  expense.  And,  even  when  sorrounded 
with  a  strainer,  more  or  less  fine  dirt  will  get  into  it 
and  oau8e  leakage.  More  power  will  be  required  to 
put  the  water  in  over  the  top  of  the  tank,  for  it  all 
has  to  be  lifted  higher  than  the  top,  whereas,  when 
entering  the  bottom,  none  of  it  has  to  be  lifted  that 
height.  Speaking  generally,  however,  one  would  at 
once  say,  put  it  in  over  the  top.  In  any  particular 
case,  there  might  or  might  not  be  practical  reasons 
against  doing  so,  but  it  is  better,  where  possible,  to  do 
so,  for  there  is  then  no  valve  to  keep  tight. 

(149)  (a)  What  is  the  horsepower  of  a  Hamilton- 
Corliss  condensing  engine  of  the  following  dimen- 
sions: diameter  of  cylinder,  12  inches;  nroke,  42 
inches ;  revolutions  per  minute,  78 ;  steam  pressure, 
80  pounds  gauge?  (o)  What  is  the  horsepower  of  the 
same  engine  non-condensing?  Give  method  of  com- 
puting the  above.  C.  C.  K.,  Leroy,  111. 

Anb.— (a)  The  general  formula  for  calculating  the 
indicated  horsepower  of  a  steam  engine  is 

T  w  P-  PLAN 
1.  n.  r.  -    gg  jj^  , 

in  which  P  =  mean  (average)  effective  pressure  of 
steam  in  cylinder  in  lb.  per  sq.  in.; 
L  =  length  of  stroke  in  feet ; 
A  =  area  of  piston  in  square  inches ; 
*  N  —  number  of  strokes  per  minute. 

The  mean  efTective  pressure  P  may  be  found  by 
means  of  an  indicator  diagram,  or  it  may  be  calca- 
lated  approximately  when  the  steam  pressure,  back 
pressure,  and  cut-off,  or  its  reciprocal,  the  ratio  of 
expansion,  are  known.  The  formula  for  calculating 
the  mean  effective  pressure  (M.  E.  P.)  is 

e 
in  which  P  —  absolute  steam  pressure  (  —  boiler 
pressure  +  14.7  pounds) ; 
e  =  ratio  of  expansion  (-=  1  -j-  real  cut-off); 
p  .-  absolute  back  pressure. 
For  condensing  engines  with  condensers  in  good 
order,  p  may  be  taken  as  3  pounds  per  square  inch, 
and  17  pounds  for  non-condensing  engines.    In  order 
to  apply  this  formula  to  your  example,  we  must 
af«ume  a  value  for  e ;  assuming  the  horsepower  to  be 
rated  on  real  cut-off  of  \,  e  becomes  1-^^  =  4.    Sub- 
stituting this  and  the  values  given  in  your  statement, 
we  have,  for  the  condensing  engine, 

4 

=  48  lb.  per  sq.  in.,  nearly. 
The  area  of  a  12-inch  piston  is  12'  X  .7854      113.1 
square  Inches ;  substituting  the  known  values  in  the 
formula  for  I.  H.  P.,  we  have,  for  the  condensing 
engine  with  J  cut-off, 

48  X  3.5  X  113.1  X  156       .^  .„  ^ 
33,000  --89-8H.r. 

(b)  Assuming  17  pounds  per  square  inch  as  the  back 
pressure,  the  mean  effective  pressure  is 
.9  X  94.7  (1 -I- 2.3  X  log  4) 
4 

per  sq.  in.;  and  the  indicated  horsepower  is 
,  „  „       35.5  V  3.:,  X  113.1  X  156       ^^,  „  „  , 

^-  °-  P-  -  33.000       -       ==  '^*  "•  ^"  '^^^y- 

*  * 

(150)  In  many  machine  shops,  brown  prints  are 
used  instead  of  blue  prints;  the  paper  Is,  I  believe, 
called  "brown-process  paper."  Can  you  tell  me 
where  I  can  get  It,  and  al)OUt  what  It  costs?  I  have 
been  unable  to  purchase  it  at  any  of  the  stores  here, 
and  I  think  tnat  perhaps  I  have  calU^  it  by  a 
wrong  name.  A.  W.,  Providence,  R.  I. 

Ans.— Process  papers  to  produce  dark  lines  upon  a 
light  ground  can  be  obtained  from  any  dealer  that 
keeps  a  full  line  of  architects'  and  engineers'  sup- 


I.  H.  P. 


M.  E.P.  - 


—  9  X  17  =  35.5  lb. 


plies ;  the  price  is  about  20  cents  a  square  yard.  Write 
to  the  Keuffel  &  Esser  Co.,  New  York,  or  to  the  Frost 
&  Adams  Co.,  of  Boston.  A  description  of  the  process 
and  method  of  preparing  the  paper  will  be  found  in 
Home  Study  Maoazime,  November,  1898,  article 
entitled,  '*  The  Duplication  of  Drawings." 

* 

(151)    How  do  you  find  the  area  of  the  shaded  por- 
tion in  the  enclosed  sketch,  for  anv  height  x? 

R.  K.,  Alameda,  CaL 
radius  of  circle; 
diameter  of  circle  (=^21?); 
number  of  degrees  in  the  angle 
AOB; 

the  required  area ; 
ratio  of  circumference  to  diameter. 


Ans.— Let  Jt 
D 
n 


A  = 


w  = 


Then,  we  have 


cos  no  =  -  ^  - 
It 


=  ^{ 


irn 
180 


-  sin  2  n° 


}= 


(1) 

(2) 
(8) 


and  approximately  n  --=  3.1415927. 
Or,  to  four  places  of  decimals,  »  =-  3.1416. 

Equation  (1)  determines 
n,  and  then  equation  (2) 
gives  A  the  area  of  the 
segment  exactly.  When 
the  segment  is  not  very 
large,  its  area  is  more  easily 
computed  from  the  follow- 
ing very  excellent  approx- 
imate formula : 


1^ 


D 


-  .608.     (4) 


If  the  radius  is  100  inches, 
and  the  height  x  is  2 
inches,  the  exact  formula  (2)  gives  A  =  53.16  square 
inches ;  while  formula  (4)  gives  A  =  53.17  square 
inches.  If  the  radius  is  100  inches  and  the  height  x 
is  50  inches,  the  exact  formula  (2)  gives  A  =  6,141.81 
square  inches;  while  the  approximate  formula  (4) 
gives  A  -  6,139.13  square  inches.  Using  formula  (4). 
to  find  the  area  of  a  semicircle  whose  radius  is  100 
inches,  we  get  15,753.65  square  inches,  whereas  the 
correct  area  is  15,707.96  square  inches. 

* 

(152)  What  is  the  composition  of  the  stickr  stnff 
that  is  used  on  "Tanglefoot"  flypaper,  and  howls 
it  applied  to  the  paper  ?  J.  W.  M.,  Chicago,  111. 

ANS.— We  believe  that  either  of  the  following  two 
recipes  will  answer  the  purpose:  (1)  Resin  8  parts, 
turpentine  4  parts,  rapeseed  oil  4  parts,  and  honey  | 
part.  (2)  Resin  1  pound,  molasses  3^  ounces,  and 
linseed  oil  3^  ounces.  Boil  either  one  of  the  above 
mixtures  until  thick  enough,  and  then  coat  the 
I)aper  with  it 

(153)  (a)  I  have  made  a  horseshoe  from  an  old 
flle,  and  now  I  want  to  know  how  to  magnetize  it. 
Kindly  explain,  (b)  If  it  has  to  be  wound,  please 
explain  the  manner  of  winding,  and  how  the  wires 
should  be  attached  to  a  dynamo.  We  have  both  arc 
and  incandescent  lights.     L.  T.  M.,  Lakeland,  Fla. 

An8.— (a)  and  (b)  The  steel  must  first  be  made 
glass-hard  by  heating  to  a  cherry  red  and  quenching 
in  water.  Then  wind  both  limbs  with  several  layers 
of  insulated  wire  of  about  No.  18  size,  first  wrapping 
the  steel  with  several  layers  of  paper  or  doth,  to 
provide  insulation.  The  winding  over  the  two  limbs 
must  be  in  opposite  directions,  in  order  that  one 
pole  may  become  a  north,  the  other  a  south,  pole. 
Connect  this  winding  in  series  with  a  16-candlepower 
llO-volt  incandescent  lamp.  Another  method  of 
magnetizing  is  to  draw  the  steel  across  the  poles  of 
an  electromagnet. 


CHARACTER  IS  CAPITAL. 


CHARACTER  is  the  poor  man's  capital. 
Great  men  have  found  no  broad,  rose- 
strewn  royal  road  to  their  triumphs. 
Their  road  has  been  the  old  beaten  road,  by 
way  of  industry  and  perseverance.  A  con- 
stant struggle,  a  ceaseless  battle  to  bring 
success  from  inhospitable  surroundings,  has 
been  at  all  times  the  price  of  great  achieve- 
ments. The  man  who  has  not  fought  his 
way  up  to  his  own  loaf,  who  does  not  bear 
the  scar  of  desperate  conflict,  cannot  know 
the  meaning  of  success. 

When  James  A.  Grarfield  was  elected  United 
States  Senator  from  Ohio,  in  January,  1880, 
President  Hinsdale  of  Hiram  College,  Ohio, 
addressed  the  students  inaspeech  appropriate 
to  the  occasion — ^when  high  honor  had  been 
done  an  alumnus  of  the  college,  a  man  who 
had  been,  in  the  course  of  his  eventful  career, 
first,  bell  ringer,  and  then  President  of  the 
institution.  President  Hinsdale  said  among 
other  things :  "  General  Garfield  once  rang 
the  school  bell  when  a  student  here.  That 
did  not  make  him  the  man  he  is.  Convince 
me  that  it  did,  and  I  will  hang  up  a  bell  in 
every  tree  in  the  campus  and  set  you  all  to 
ringing.  Thomas  Corwin,  when  a  boy,  drove 
a  wagon,  and  became  head  of  the  treasury  ; 
Thomas  Ewing  boiled  salt,  and  became  a 
senator ;  Henry  Clay  rode  a  horse  to  the 
mill  from  the  Slashes,  and  became  the  great 
commoner  from  the  West.  But  it  was  not 
the  wagon,  nor  the  salt,  nor  the  horse  that 
made  these  men  great.  These  are  interesting 
facts  in  the  lives  of  these  illustrious  men. 
They  show  that  in  our  country  it  has  been 
and  still  is  possible  for  yoimg  men  of 
ability,  energy,  and  determined  purpose  to 
rise  above  lowly  conditions  and  win  places 
of  usefulness  and  honor.  Poverty  may  be 
a  good  school ;  straightened  circumstances 
may  develop  power  and  character  ;  but  the 
principal  conditions  for  success  are  in  the 
man  himself,  and  not  his  surroundings.'' 

While  the  future  President  of  the  United 
States  was  yet  an  infant,  his  mother  was  left 
a  widow.  She  was  a  woman  of  unusual 
energy,  faith,  and  courage.  Declaring  that  her 
childmi  should  not  be  separated,  she  kept 
them  at  home,  together,  till  they  were  able 


to  take  care  of  themselves.  Grarfield' s  boy- 
hood did  not,  as  President  Hinsdale  well 
puts  it,  differ  materially  from  the  boyhood 
of  other  youths  in  his  neighborhood.  ''  He 
chopped  wood,  and  so  did  they ;  he  hoed, 
and  so  did  they ;  he  carried  butter  to  the 
store  in  a  little  pail,  and  so  did  they.  Other 
families  that  had  not  lost  their  heads 
naturally  shot  ahead  of  the  Garfields  in 
property,  but  such  differences  counted  for 
less  than  they  do  now." 

While  still  a  mere  lad,  young  Garfield's 
intense  desire  to  eapi  a  little  money  led  him 
to  become  a  boatman  on  the  Ohio  canal, 
which  passed  within  easy  distance  of  the 
Garfield  farm.  The  humble  duties  of  this 
trying  and  laborious  position  he  discharged 
with  so  much  fidelity  and  diligence  that  he 
was  promoted  to  the  loftier  position  of  steers- 
man of  a  barge.  • 

We  next  find  him  a  sailor,  on  one  of  the 
schooners  plying  Lake  Erie,  but  iUness  com- 
pelling him  to  relinquish  this  mode  of  life, 
he  returned  home  to  tell  his  good  mother  of 
ambitious  plans  for  the  future.  He  had 
already  acquired  the  foundation  of  an  edu- 
cation in  the  ordinary  branches  of  learning, 
and  upon  this  foundation  resolved  to  build 
a  loftier  structure  than  his  surroundings 
would  seem  warranted  in  promising.  With 
the  very  scanty  saving  within  his  reach, 
and  by  his  mother's  assistance,  he  began  a 
course  of  study  at  an  obscure  institution, 
known  as  the  Geauga  Academy,  not  far  from 
Orange,  Ohio. 

Too  poor  to  pay  their  board  in  the 
village,  young  Grarfield  and  his  roommate 
rented  an  apartment  in  an  old  farm  building 
not  far  from  the  academy,  and  there  did 
their  own  cooking  and  housekeeping  in  the 
most  primitive  way.  The  future  President 
had,  however,  a  stout  heart  and  a  determined 
will.  With  honest  and  unremitting  toil  he 
applied  himself  to  the  task  before  him.  He 
found  work  among  the  village  carpenters, 
and  spent  his  mornings,  evenings,  and  Sat- 
urdays in  their  shops,  where  willing  hands 
helped  out  the  boy  on  his  rugged  path.  By 
teaching  a  district  school  in  winter  he  added 
a  little  to  his  scanty  income.    So  for  several 
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years,  teaching  in  winter,  working  at  odd 
times  at  the  carpenter's  bench,  and  attend- 
ing the  fall  and  spring  terms  of  the  academy, 
he  secured  the  training  necessary  for  a  higher 
collegiate  course.  Tall,  muscular,  browned 
by  wind  and  exposure,  sound  in  every  fiber 
of  his  body,  a  strong  athlete,  and  a  good 
student,  this  fair-haired  country  boy  became 
a  great  £Eivorite  with  his  associates. 

Admitted  in  the  fall  of  1854  to  the  junior 
class  of  Williams  College,  Williamstown, 
Mass.,  Garfield  devoted  himself  with  enei^gy 
to  his  studies,  and  very  soon  acquired  a  repu- 
tation for  scholarship  far  above  that  of  any 
of  his  fellow  students.  He  was  graduated  in 
1856,  carrying  off  the  honors  of  his  class 
in  metaphysics,  an  enviable  distinction. 

Three  years  later,  after  having  taken 
successful  part  in  political  campaigns  in 
Northern  Ohio,  he  was  nominated  by  the 
Anti-Slavery  party  for  State  Senator,  and 
elected  by  a  substantial  majority. 

In  the  early  years  of  the  Civil  War, 
Garfield  won  such  distinction  in  the  field 
as  to  entitle  him  to  promotion,  first  as 
brigadier-general,  and  then  as  major-general. 
But  while  he  was  bravely  fighting  in  the 
field,  his  fellow  citizens  of  Ohio  did  not  for- 
get him.  Elected  to  the  National  House  of 
Representatives,  Grarfield,  by  the  advice  of 
President  Lincoln  and  Secretary  Stanton, 
resigned  his  major-generalship  on  the  5th 
of  December,  1863,  and  two  days  later  took 
his  seat  in  the  House  of  which  he  was  so 
long  to  remain  an  honored  member. 

Garfield  was,  as  already  stated,  elected  in 
January,  1880,  to  fill  the  Senatorial  chair,  to 
to  be  relinquished  on  March  4, 1881,  by  that 
illustrious  democrat,  Allen  G.  Thurman. 
Before,  however,  General  Garfield  could 
qualify  as  Senator,  he  was,  in  1880,  by  the 
Republican  party  of  the  nation,  nominated 
and  elected  to  the  Presidency. 

The  universal  acclaim  of  a  proud  and  con- 
fiding people  which  greeted  him  on  his 
accession  to  office,  and  the  profound  world- 
wide grief  that  marked  his  untimely  taking 
off,  it  is  needless  here  to  recite.  Garfield  has 
left  a  noble  name  in  American  history.  No 
man's  career  better  illustrates  the  truth  that 
"  Character  is  the  poor  man's  capital." 
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The  best  education  in  the  world  is  that 
got  by  struggling  to  get  a  living.  What  is 
defeat?— Nothing  but  the  first  step  to  some- 
thing better. — Wendell  Phillips. 

Men  of  character  are  the  conscience  of  the 
society  to  which  they  belong. — Emerson. 


4  (  T  CAN'T ;  it  is  impossible,"  said  a  lienten- 
I  ant  to  Alexander.  '  *  Be  gone ! ' '  shouted 
the  conquering  Macedonian,  ''there  is 
nothing  impossible  to  him  who  wiU  try." 

Were  we  called  upon  to  express  in  one 
word  the  secret  of  so  many  failures  among 
those  who  started  out  in  life  with  high 
hopes,  we  should  say,  unhesitatingly,  that 
they  lacked  will  power.  They  could  not 
half  will.  What  is  a  man  without  a  will? 
He  is  like  an  engine  without  steam — a  mere 
sport  of  chance,  tossed  about  hither  and 
thither,  always  at  the  mercy  of  those  who 
have  wills.  Strength  of  will  is  the  test  of 
a  young  man's  possibilities.  Can  he  will 
strongly  enough,  and  hold  whatever  he 
undertakes  with  an  iron  grip?  It  is  the  iron 
grip  that  takes  the  strong  hold  on  life. 

What  chance  is  there  in  this  crowding, 
pushing,  selfish  world,  where  every  one  is 
pusher  or  pushed,  for  a  young  man  with 
no  will,  no  firm  decision?  **  The  truest  wis- 
dom," said  Napoleon,  ''is  a  resolute  deter- 
mination." An  iron  will  without  principle 
might  produce  a  Napoleon ;  but  with  char- 
acter it  would  make  a  WelUngton  or  a  Grant, 
untarnished  by  ambition  or  avarice. 

History  is  full  of  examples  of  men  and 
women  who  have  redeemed  themselves  from 
disgrace,  poverty,  and  misfortune,  by  the 
firm  resolution  of  an  iron  will.  The  con- 
sciousness of  being  looked  upon  as  inferior, 
as  incapable  of  accomplishing  what  others 
accomplish,  the  sensitiveness  at  being  con- 
sidered a  dunce  in  school,  has  stung  numy 
a  youth  into  a  determination  which  has  ele- 
vated him  far  above  those  who  laughed  at 
him,  as  in  the  case  of  Newton,  of  Adam 
Clark,  of  Sheridan,  Wellington,  Goldsmith, 
Dr.  Chalmers,  Curran,  Disraeli,  and  hun- 
dreds of  others.  "  Whatever  you  wish,  that 
you  are ;  for  such  is  the  force  of  the  human 
will  that  whatever  we  wish  to  be,  seriously 
and  with  a  true  intention,  that  we  become." 
While  this  is  not  strictly  true,  yet  there  la  a 
deal  of  truth  in  it. 

It  is  men  like  Mirabeau,  who  "trampled 
upon  impossibilities;"  like  Napoleon,  who 
did  not  wait  for  opportunities,  but  made 
them;  like  Grant,  who  had  only  "uncon- 
ditional surrender"  for  the  enemy,  who 
change  the  front  of  the  world.  "We  bave 
only  what  we  make,  and  every  good  is  locked 
by  nature  in  a  granite  hand  that  sheer  labor 
must  unclench." 

A  man  who  can  resolve  vigorously  upon  a 
course  of  action,  and  turn  neither  to  the 
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right  nor  to  the  left,  though  a  paradise  tempt 
him,  who  keeps  his  eye  upon  the  goal,  what- 
ever distract  him,  is  sure  of  success.  Given 
a  knowledge  of  one's  will  power,  it  would  be 
comparatively  easy  to  predict  whether  he 
would  make  of  life  a  success  or  a  failure. 
Men  like  Sir  James  Mackintosl^  Coleridge, 
La  Harpe,  and  many  others  who  have  dazzled 
the  world,  but  who  never  accomplished  a 
tithe  of  what  they  attempted;  who  were 
always  raising  expectations  that  they  were 
about  to  perform  wonderful  deeds,  but  who 
accomplished  nothing  worthy  of  their  abili- 
ties, have  been  deficient  in  will  power.  One 
talent  with  a  will  behind  it  will  accomplish 
more  than  ten  without  it. 


READINESS  AND  FIDELITY* 


A  GENTLEMAN  who  was  being  driven 
about  the  streets  of  a  small  but  pros- 
perous New  England  town  made  the 
remark,  as  his  host  pointed  out  a  neat  engine 
lioase  with  the  apparatus  all  in  readiness  for 
instant  use,  that  it  would  hardly  pay  to  keep 
liremen  in  constant  readiness  for  duty  in  so 
small  a  place,  where  a  fire  of  any  importance 
seldom  broke  out 

"  We  thought  the  same  things  ourselves, 
five  years  ago,'*  replied  his  host.  **We 
fancied  we  should  get  along  if  we  had  a 
good  steam  fire-engine  and  kept  it  near 
the  center  of  the  town,  where  our  vol- 
unteer department,  or  any  competent  per- 
sons, could  readily  get  at  it  in  case  of  fire. 
We  also  kept  a  pair  of  horses  for  use  with 
the  engine  at  a  nearby  livery  stable.  For  a 
time  the  arrangement  worked  beautifully, 
and  the  town  saved  money  for  the  simple 
reason  that  there  happened  to  be  no  fires 
worth  mentioning.  Then,  all  of  a  sudden, 
in  the  dead  of  a  sharp  winter  night,  a  fire 
broke  out  in  our  lumber  district,  spread  to 
the  business  section  of  the  town,  and  swept 
everything  before  it,  because  it  got  such  a 
tremendous  start  before  met  by  any  effective 
opposition.  Nearly  all  the  business  part  of 
the  town  was  wiped  out,  and  the  loss  mounted 
up  into  the  hundreds  of  thousands.  After 
that  experience  we  did  not  want  any  more 
cheap  fire  protection ;  and  long  before  our 
business  section  was  rebuilt,  we  had  in  the 
city's  employ  a  paid  fire-department  equal  to 
any  in  the  state.  Within  the  past  four  years 
there  have  been  three  threatening  fires  in  the 
lumber  district,  but  our  firemen  were  on  the 
ground  within  seven  minutes  after  the  first 
stroke  of  the  alarm,  and  not  one  of  those 
fires,  nor  any  other,  has  been  able  to  get  a 


dangerous  start  since  we  began  to  realize  the 
value  of  readiness. ' ' 

The  lesson  that  this  enterprising  little  city 
learned  so  effectively  and  obeyed  so  promptly 
is  one  equally  important  'to  every  individ- 
ual. The  only  real  safety  lies  in  sleepless 
and  unremitting  caution  that  presents  to 
danger,  moral  or  physical,  a  constant  front  of 
readiness.  The  happy-go-lucky  method  will 
never  do  either  to  build  up  character  or  ward 
off  misfortune. 

It  is  the  initiative  that  counts.  Once  let  a 
weakness  get  a  foothold  or  a  headway,  and 
it  becomes  exceedingly  difficult  to  dislodge  it. 
We  must  smother  it  at  the  outset,  conquer  it 
before  it  gets  a  devouring  hold  of  body  and 
soul,  just  as  the  watchful,  prompt,  and  trained 
fire  department  gets  control  of  an  incipient 
fire.  The  instant  the  alarm  comes  we  must  be 
ready  to  fight  the  aroused  evil  tendency,  the 
wrong  desire,  the  insidious  temptation. 
Everything  depends  upon  the  promptness  of 
our  resistance  to  evil.  Any  dallying  with  it, 
any  lingering  to  make  deferred  preparation, 
any  moral  confusion  or  hesitation  arising 
from  not  being  prepared,  is  destructive  to 
character. 

A  great  steamship  was  crossing  the  ocean. 
The  mighty  engines  throbbed  steadily  day 
and  night.  The  engineer  and  his  assistants 
had  never  for  a  moment  left  their  posts, 
although  it  had  been  days  since  any  signal 
had  come  to  them  from  the  pilot  house. 
Suddenly  the  great  gong  in  the  engine  room 
sent  forth  its  sharp  clang.  Stop!  In  an 
instant  the  steam  was  shut  off  and  the 
machinery  ceased  its  throbbing.  Clang, 
Clang !  Reverse  the  engines  I  The  big  levers 
are  thrown  over,  the  piston  rods  move,  and 
the  wheels  revolve  the  other  way.  The 
mighty  ship  has  escaped  collision  with  an 
iceberg  that  suddenly  looms  up  out  of  the 
fog,  by  the  faithful  r^uiiness  of  those  men  in 
the  engine  room.  What  if  they  had  left  their 
places  for  just  a  minute  in  the  seeming 
security  of  mid-ocean  ?  What  if  obedience 
to  that  first,  sudden,  unexpected  signal  from 
the  pilot  house  had  been  delayed  for  a  single 
moment  ?  How  many  precious  lives  might 
have  been  lost,  how  much  treasure  swal- 
lowed up  by  the  insatiable  sea,  how  much 
suffering  inflicted  upon  hundreds  of  souls  all 
over  the  world,  how  much  human  confidence 
destroyed  !  Think  of  the  peril,  all  unseen, 
undreamed  of,  if  the  chief  engineer  had  left 
his  place  for  a  minute,  just  before  the  gong 
had  struck. 

The  value  of  fidelity  is  clearly  illustrated 
by  the  career  of  Professor  Morris,  head  of 
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the  mechanical  department,  Cornell  Uni- 
versity, it  is  related  of  Professor  Morris 
that  one  day  he  greeted  an  unexpected 
visitor  in  these  terms : 

"Ah,  Mr.  Depew,  I  am  glad  to  see  you, 
for  I  claim  you  as  an  old  acquaintance.'' 

** How's  that?"  queried  Mr.  Depew. 

"I  used  to  work  for  the  New  York 
Central,"  was  the  Professor's  reply. 

*  *  Indeed  I    In  what  department  ? ' ' 

"Oh,  just  in  the  ranks." 

"How  did  you  get  on  there?"  asked  Mr. 
Depew. 

"  I  was  just  a  fireman  on  an  engine.  That 
was  a  tough  joh,  hut  it  led  up  to  the  position 
of  engineer.  I  made  up  my  mind  to  get  an 
education.  I  studied  at  night  and  fitted 
myself  for  Union  College,  running  all  the 
time  with  my  locomotive.  I  procured  books 
and  attended,  as  far  as  possible,  the  lectures 
and  recitations.  I  kept  up  with  my  class, 
and  on  the  day  of  graduation  I  left  my  loco- 
motive, washed  up,  put  on  gown  and  cap, 
delivered  my  thesis,  and  received  my 
diploma ;  put  gown  and  cap  in  the  closet, 
put  on  my  working  shirt,  got  on  my  engine, 
and  made  my  usual  run  that  day." 

"Then,"  said  Depew,  "I  knew  how  he 
became  Professor  Morris.  It  was  simply  by 
doing  each  duty  faithfully  as  he  came  to  it, 
and  preparing  for  the  next." 

BE  MASTER  OF  THE  SITUATION. 

THE  aim  of  education  ia  a  man  capable  of 
the  largest  amount  of  service  to  others 
and  of  the  largeet  amount  of  personal 
happiness.  Both  of  these  elements  in  the 
end  of  education  are  determined  by  a  knowl- 
edge of  the  civilization  of  the  age  and 
country  in  which  the  pupil  is  bom  and  in 
which  he  is  to  live,  together  with  a  knowl- 
edge of  the  pupil  himself,  both  mental  and 
physical.  The  knowledge,  power,  and  habits 
that  would  fit  a  child  for  a  happy  and  useful 
life  in  one  country  would  not  in  all  respects 
fit  him  to  live  in  another. 

"The  crowning  fortune  of  a  man,"  wrote 
Emerson,  "is  to  be  born  to  some  pursuit 
which  finds  him  in  employment  and  happi- 
ness, whether  it  be  to  make  baskets,  or 
broadswords,  or  canals,  or  statues,  or  songs." 

One  of  the  most  painful  and  pitiable 
objects  in  the  world  is  a  human  being  so 
fearfully  and  wonderfully  made,  carefully 
adapted  to  accomplish  some  particular  good, 
and  yet  doing  imperfectly  and  imhappily 
some  other  thing  w^hich  Providence  had 
adapted  some  one  else  to  perform. 

The  world  does  not  demand  of  any  one  in 


particular  that  he  be  a  lawyer,  a  minister,  a 
doctor,  a  farmer,  or  a  merchant ;  it  does  not 
dictate  what  any  one  in  particular  shall  do ; 
but  it  does  demand  that  he  do  something  and 
that  he  be  master  in  whatever  he  undertakes. 
The  world  will  applaud  the  man  who  is 
master  of  t^e  situation — for  he  is  a  king  in 
his  line.  For  him  all  doors  shall  fly  open. 
But  for  the  botch  and  the  feilure,  the  world 
has  no  mercy. 

Sidney  Smith  declared :  "  Be  what  nature 
intended  you  for,  and  you  will  succeed ;  be 
anything  else,  and  you  will  be  ten  thousand 
times  worse  than  nothing." 

THE  MAN  OF  SIMPLE  DUTY. 

THE  machinery  had  come  to  a  standstill 
throughout  a  great  mill.  Instead  of 
the  steady  whir  of  wheels,  the  sound 
of  swiftly  moving  shafts,  and  the  hum  of 
belts,  all  was  silent.  Each  workman  raised 
fipom  his  bending  posture,  looked  at  his 
neighbor,  and  wondered  what  was  wrong. 
It  was  not  dinner  time — the  hands  of  the 
dock  showed  that.  Work  was  not  lacking- 
many  orders  were  on  the  files.  Machinistfl 
were  not  wanting^-every  one  was  at  his  post 

What,  then,  was  the  trouble?  The  fore- 
man hastened  down  to  the  engine  room. 

"What's  wrong,  Joe?" 

*  *  Only  a  broken  cog,  sir.  I  heard  a  strange 
sound  idl  at  once ;  then  there  was  a  hitch  as 
the  wheel  went  round,  and  I  saw  that  we 
must  stop.  It  will  take  an  hour  to  repair 
the  damage.    A  new  wheel  must  be  put  in. ' ' 

An  hour,  during  which  all  the  shop  must 
wait  An  hour's  delay  in  filling  important 
orders.  Some  one  would  be  disappointed  in 
not  receiving  work  promised  on  time.  All 
because  a  cog  had  been  broken. 

*       *     *  ♦ 

An  old  man  was  sweeping  the  steps  of  a 
state  building. 

"Do  you  not  get  tured  of  this  sweeping, 
day  after  day?" 

"Why,  no.  Some  one  must  do  it  Why 
not  I?" 

He  was  a  cog  in  the  machinery. 
«       *       ♦ 

In  a  great  steel  foundry  it  was  the  duty  of 

one  man  to  watch  the  seething  kettle  of 

white-hot  metal,  and  as  the  dross  rose  to  the 

top,  to  skim  it  quickly  away.    Nothing  else. 

And  yet  the  value  of  that  metal  depended 

upon  the  fidelity  with  which  this  man  did 

his  work.    Pure  steel  must  contain  no  droee. 

«       ♦       « 

A  railway  train  runs  into  a  depot  Hardly 
has  it  come  to  a  standstill  when  the  sharp 
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dang  of  the  hammer  is  heard  striking,  one 
after  another,  the  wheels  under  each  ca  if 
the  ring  is  clear  and  unmistakable,  the 
trained  workman  knows  that  all  is  right. 
On  the  other  hand,  if  the  sound  be  dull  and 
cracked,  he  is  sure  that  there  is  a  broken 
wheel.  It  is  his  duty  to  report  the  fact  at 
once.    Life  depends  upon  the  manner  in 

which  he  strikes  those  wheels. 

*       *       * 

Are  such  lives  narrow,  dwarfed,  and  weak  7 
Civilization  demands  from  every  man,  in 
every  place,  that  he  shall  do  his  simple 
duty.  "Only  a  cog  in  the  wheel."  What 
would  the  wheel  be  without  those  cogs? 

**DO  YOU  VANT"a  job?'' 

SOME  years  ago,  perhaps  thirty  or  more, 
a  little  lad  was  loitering  along  the  streets 
of  an  interior  city.  As  he  passed  the 
shop  of  a  local  photographer,  a  man  came  out 
and  spoke  to  him. 

"  Do  you  want  a  job  ?  "  he  asked. 

The  boy  said  promptly,  **  Yes,  sir." 

**  If  you  get  it,  will  you  attend  to  it?  "  the 
man  asked. 

Again  the  answer  was,  *'  Yes,  sir." 

"It  is  not  a  lively  one.  You  have  to  sit 
still  and  watch  things,"  the  man  said.  "  Do 
you  think  you  can  keep  awake?  " 

"I  can  try,  sir,"  the  boy  said,  and  after  a 
little  more  talk  he  got  the  job. 

It  was  not  a  lively  one.  He  had  to  sit 
upon  a  housetop  and  watch  a  lot  of  photo- 
graphic negatives  to  make  certain  that  they 
got  just  enough  light — not  too  much.  He 
did  the  work  well.  The  photographer  never 
caught  him  napping,  no  matter  how  sud- 
denly he  came  upon  him.  In  a  little  while 
he  showed  that  he  was  as  intelligent  as  he 
was  trusty.  Then  the  photographer  noticed 
that  the  lad's  clothes,  though  worn,  were 
always  dean  and  neatly  mended.  A  little 
inquiry  proved  that  the  new  boy  was  the 
son  of  a  widow  who  had  very  little  besides 
her  children.  The  little  her  son  earned 
was  a  very  material  help  to  her.  She  was 
eager  to  have  him  in  school.  He  had  been 
there,  all  told,  less  than  two  months,  but 
she  could  not  send  him  any  longer ;  he  had 
neither  the  time  nor  the  clothes  for  it. 

Sitting  aloft  day  after  day,  the  lad  fell  to 
studying  the  heavens.  Chance  had  thrown 
into  bis  hands  a  volume  on  astronomy.  At 
first  he  found  it  dry  reading,  but  the  study 
of  it  had,  in  a  little  while,  redoubled  his 
interest  in  his  ever-beloved  sky.  He  longed 
above  everything  for  a  telescope,  to  enable 
him  the  better  to  search  out  its  glories  and 


its  mysteries.  By  the  help  of  his  kind 
employer  he  at  length  rigged  up  an  apology 
for  one — something  whose  limited  powers 
served  only  to  whet  his  appetite  for  real 
telescopic  revelations. 

He  b^^n  to  go  to  Sunday  school.  His 
teacher  there  grew  interested  in  him  and  his 
ambition.  Through  her  aid  and  counsel, 
joined  to  that  of  other  friends,  he  went 
seriously  to  work  to  secure  the  coveted 
instrument.  A  second-hand  one  was  offered 
to  him  for  $200.  He  sent  for  it,  but  found 
it  so  unsatisfactory  that  he  returned  it  Ex- 
pressage  both  ways  cost  him  $20,  which  he 
could  very  ill  spare.  However,  he  got  the 
money's  worth  in  experience  that  determined 
him  to  be  satisfied  with  nothing  less  than 
a  telescope  of  the  very  first  class. 

To  get  money  for  such  a  one  he  worked 
and  saved.  A  shabby  coat  had  no  terrors 
for  him  if  the  shabbiness  meant  something 
towards  the  desire  of  his  heart.  Pretty  soon 
he  was  able  to  buy  a  telescope  of  the  very 
best  pattern,  with  a  five-inch  refractor. 
When  it  was  duly  in  position  upon  the  roof, 
where  he  had  spent  so  many  working  hours, 
he  was  one  of  the  happiest  young  fellows  in 
the  world. 

His  friends  were  almost  as  happy — par- 
ticularly that  friend  who  had  given  him  the 
aerial  j ob.  The  roof  became  a  favorite  resort 
for  everybody  in  the  city  who  had  the  least 
hankering  after  a  sight  of  the  stars.  The 
young  owner  of  the  telescope  was  glad  to  let 
them  look.  As  for  himself,  he  nightly 
scoured  the  heavens,  noting  and  recording 
by  means  of  drawings  the  many  wonderful 
things  he  saw  there. 

Besides  a  good  telescope,  he  had  phenome- 
nally keen  sight.  That  is  evidenced  by  the 
fact  that  with  this  five-inch  refractor,  an 
instrument  below  the  first  power,  he  discov- 
ered and  described  a  dozen  comets.  Provi- 
dence had,  perhaps,  put  it  into  the  mind  of 
a  rich  man  to  ofier  prizes  for  just  such  dis- 
coveries. They  were  not  large  prizes,  but 
altogether  this  self  taught  astronomer  won 
enough  to  give  him  a  welcome  thousand 
dollars. 

He  had,  however,  rebufis  as  well  as  helps 
from  the  big  outside  world.  The  American 
Association  for  the  Advancement  of  Science 
met  in  his  native  city  not  long  after  he  had 
begun  his  study  of  the  heavens.  He  was 
presented  to  its  president,  Simon  Newcomb, 
and  began  modestly  to  speak  of  what  he  had 
done  and  hoped  to  do. 

"  Humph  !  You  had  better  put  away  that 
telescope  !    It  is  too  big,  anyway.    You  can 
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do  nothing  with  it;  you  had  better  study 
mathematics  than  waste  your  time  star 
gazing/'  said  the  great  man.  The  beginner 
left  him  half  heart  broken.  But  after  the 
first  smart  he  resolved  that  he  would  study 
mathematics,  and  he  did. 

Time's  whirligig  brings  some  revenges  that 
are  precious.  Fifteen  years  later  Prof.  Simon 
Newcomb  writing  to  Prof.  Edward  Emerson 
Barnard,  upon  whom  Vanderbilt  University 
had  conferred  the  degree  of  Doctor  of  Science, 
and  whom  the  Royal  Astronomical  Society 
of  London  has  been  proud  to  make  a  Fellow, 
asked  if  Prof.  Barnard  '^knew  anything  of  a 
young  fellow  with  a  telescope,  who  had  lived 
in  Nashville  when  the  Association  for  the 
Advancement  of  Science  met  there?*'  and 
added,  alter  some  further  inquiry,  "It  can- 
not be  possible  that  you  are  the  one  I 
mean?" 

It  was  not  only  possible,  but  actual.  Prof. 
Barnard,  today  the  foremost  of  American 
astronomers,  who  has  mastered  not  merely 
mathematics  but  the  whole  college  course, 
who  has  discovered  more  comets  than  any 
other  living  man,  and  who  has  mapped  and 
measured  the  fifth  satellite  of  Jupiter,  is  the 
lad  who  made  the  beginning  by  faithfulness 
over  few  things  upon  the  roof  of  a  Nashville 
photograph  gallery. 

How  true  the  saying  of  Lilian  Whiting : 
"  Success  in  life — ^the  only  success  in  its  true 
sense — ^lies  in  its  quality  of  living  day  by  day, 
and  not  exclusively  in  its  achievements,  and 
still  less  in  its  acquirement  of  possessions. 
We  can  live  in  aspirations,  in  good  will,  in 
generosity,  in  love,  amid  the  most  limited, 
narrow,  and  trying  circumstances."  Success 
means  fidelity  to  duty,  with  benevolent 
regard  to  our  fellows. 

What  shall  I  do  to  be  forever  known  ? 

Thy  duty  ever ! 
This  did  full  many  who  sleep  all  unknown^ 

Oh,  never,  never ! 
Think*Bt  thou,  perchance,  that  they  remain 
unknown 

Whom  thou  know'st  not? 
By  angel  trumps  in  heaven  their  praise  is 
blown. 

Divine  their  lot. 

THINKING  DOES  THE  DEED. 
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BE  IT  known  that  that  person  is  educating 
himself  the  best,  other  things  being 
equal,  whether  in  school  or  out,  in  law 
office,  store,  shop,  or  on  farm,  who  is 
adhering  with  the  most  rigid  exactitude  to 
the  mandates  of  his  physical,  mental,  and 
moral  needs  in  intense  and  persistent  think- 
ing.    It  is  thinking  that  does  the  deed. 


MORE  intellectual  athletes  are  starting  iii 
the  race  of  life,  today,  than  ever  before. 
The  chances  of  success  are  diminishn) 
in  proportion,  for  the  supply  is  constantly 
encroaching  on  the  relative  demand.  The 
members  of  the  professions,  the  merchants, 
the  mechanics,  the  £Euiners,  who  shall  enter 
our  places  in  the  twentieth  century,  must  Ix* 
better  men  than  we  of  the  nineteenth,  or 
they  will  fail.  The  law  of  the  **  survival  of 
the  fittest ''  will  be  applied  to  those  of  the 
twentieth  century  with  more  merciless  sever- 
ity than  ever  it  has  been  to  their  predecessors. 
There  is  less  room  than  ever  before  for  '*  dead 
beats ' '  and  '  *  bummers. ' '  Moral  results  are 
reached  by  railroad  and  telegraph  in  oar 
time.  The  Greeks  have  told  us  that  ''the 
mills  of  the  gods  grind  slow '' ;  but  thej 
move  faster  as  the  world  grows  older.  If 
in  these  our  times  one  chooses  to  become 
a  loiterer,  sensualist,  or  sluggard,  the  mills 
will  grind  time  to  powder  with  a  rapidity 
and  thoroughness  that  the  framers  of  the 
old  Greek  proverb  never  conceived. 

If  such  is  the  necessity  laid  on  us  for  growth 
and  development,  what  are  some  of  the 
conditions  through  which  they  are  reached? 

One  important  condition  of  growth  is  keen- 
ness and  activity  in  observation  of  the 
phenomena  of  daily  life.  It  is  not  enough 
that  a  man  be  mentisdly  active  in  the  calm  of 
a  library  alone.  He  must  think  in  the  street 
and  the  shop,  in  the  noisy  court  room  and 
the  crowded  exchange.  The  successful  stu- 
dent, as  well  as  the  man  of  affairs,  must  be 
constantly  alive  to  what  may  not  be  inaptly 
called  the  molecular  action  of  society.  He 
must  seize,  classify,  and  formulate  the  results 
obtained,  so  that  they  may  always  be  ready 
to  inform  the  judgment  and  give  precision, 
directness,  and  force  to  the  action  of  the 
will.  Thus  also  one  makes  his  own  the 
common  sense  and  common  judgment  of 
the  average  man — ^always  specially  useful  to 
one  who  is  a  student  of  progress  in  mechan- 
ical lines.  This  activity  of  observation  must 
be  formed  into  a  habit  and  made  a  part  of 
your  very  being. 

The  world  generally  gives  its  admiration, 
not  to  the  man  who  does  what  nobody  else 
ever  attempts  to  do,  but  to  the  man  who  does 
best  what  multitudes  do  well. — MacauUy. 


The  man  who  resolves  to  do  one  thing 
honorably  and  thoroughly,  and  sets  about 
it  at  once,  will  attain  usefulness  and 
eminence. —-fi^.  P.  Roe, 


STUDENTS   WHO    HAVE   BENEFITED    THEMSELVES 

THKOUOH  HOMB  STUDY 

IN  THE  INTERNATIONAL  CORRESPONDENCE  SCHOOLS, 

SCRANTON.  PA. 

ORE  SORTER  INSTALLS  A  TELEPHOTffi  MANAGER 

MINE  UGHTING  KJINT.  GREATLY  BENEFITED. 


Having  some  practical  knowledge  of  elec- 

Iricit]',  I  eDrollcJinThelnternalLODal  Corre- 
Bpondence  Schools. 
The  Coaree  certainly 
gives  a  good,  com- 
moD-Bense  theory  of 
the  inner  working  of 
(lynamoB  and  electri- 


cal  1 


general.  Sinceetudy- 

ing  in  the  Course,  I 

have  helped  install  a 

lighting  plant  in  the 

El  Paso   Gold   King 

Mine,  in  Cripple 

Creek,  at  which  place 

I  am  r^ularly  employed  as  ore  sorter.    The 

Course,   while  simple,  is  very  complete.     I 

conmder  the  mathematics  alone  worth  tea 

timea  the  amoont  charged  for  the  Course. — 

Chat.  O.  Bower  (J.  ItlS),  CrippU  Oeek,  Colo. 


Any  words  or  statements  that  I  can  make 
will  foil  to  properly  show  my  appreciation 
of  the  benefits  de- 
rived from  the  Sta- 
tionary Engineers' 
Conree  of  The  Inter- 
national Correspond- 
ence Schools.    When 
I  consider  the  fact 
that  my  early  educa- 
tion consisted  of  just 
three  terms  of  wtDt«r 
school  in  a  country 
district,  and  the  rest, 
previous    to    my 
Course  with  the 
Schools,  what  I   picked   up   myself  during 
leisure  hours,  and  that  I  have  had  to  earn 
my  own  living  siuce  I  was  12  years  of  age,  it 
is  with  a  feeling  of  gratitude  that  I  recall  the 
poor,  homeless  boy,  kicked  about  from  pillar 
to  poet,  who  has  now  become  chief  engineer 
of  one  of  the  largest  mills  in  the  South, 
through    the   Schools    and    their    splendid 
method  of  teaching.— .J.  H.  Strong  (H.  74), 
Oiarlolte,  N.  r. 


I  cannot  say  enough  in  praise  of  The 
International  Correspondence  Schools  and 
what  they  have  done  fur  me.  The  Course 
has  been  full  of  pleasant  surpriEes  to  me, 
as  I  have  fonnd  it  far  better  than  I  bad 
expected  fromthedeecription  in  the  Circular 
of  Information. 

For  the  benefit  of  my  skeptical  fViendii,  T 
would  say  that  they 
can  not  only  leam  a 
great  many  new 
things  from  the 
Schools  but  they  will 
also  find  out  how 
little  they  really 
know  regarding 
matters  on  which 
they  thought  them- 
selves well  informed. 

I  wish    to   thank 
the  Schools  for  their 
attention  to  my  per- 
sonal needs.    Theknowledge  I  have  obtained 
through  the  Coarse  has  been  of  great  prac- 
tical benefit  to  me  in  my  position  as  manager 
of   the   Painsville    Telephone   Oonapany. — 
E.  T.  Graud  {M.  E.  6IS3),  PainsmUe.  0. 

APPRENTICE  STEAM  FITTER 

BECOMES  A  SALESMAN. 


chola: 


1  the 


eems 


t  incredible, 
when  the  enormous 
amount  of  corre- 
spondence handled 
by  the  Schools  is 
taken  into  considera- 
tion. I  began  work 
as  a  helper  in  a  steam 
fitting  shop.  The 
knowledge  gained 
through  the  Course 
in  Plumbing,  Heat- 
ing, and  Ventilation 

has  qualified  me  for  the  position  I  now  hold 
as  salesman  with  one  of  the  ianjeat  manufac- 
turers of  plumbing  and  heating  gocwis  in 
Chicago.—/;.  E.  Dewey  (P.  SS),  Soct/ord,  III 


STUDENTS  WHO  HAVE  BENEFITED  THEMSELVES. 


DRAYMAN  BECOMES 

MANAGER  AND  DRAFTSMAN. 

I  have  had  a  bard  struggle  to  obtain -ui 
education,  as  I  was  obliged  to  go  to  work 
when  quite   young. 
Beingvery  ambitious 
to  advance  myself,  I 
bought   tflztbooka 
and  Btndied  at  night. 
I  first  learned    the 
carpenter's  trade; 
then  served  a  three- 
year  apprenticeehip 
at   the    plasterer's 
trade ;  and  finally 
took   a   poeition   as 
dmymati  and  clerk 
in  a  lumberyard.  A 
year  ago  I  enrolled  in  the  Schools,  and  made 
more  progress  in  that  year  than  in  five  years 
previous,  and  at  much  leas  cost.    I  am  now 
manager  of  the    yard   and  my    salary   la 
donbled.    I  also  moke  all  the  plans  need 
in  this  city,  including  residences  and  store 
buildings  ranging  in  value   from  $700   to 
$4,000.    The  system  of  the  Schools  is  all 
right  for  any  one  with  push  and  enei^. — 
D.  a  Fhir/Uld  (A.  1799),  XJnionvHU,  Mo. 

FROM  MINER  TO 

MINE  SUPERINTENDENT. 
I  can  heartily  recommend  the  system  of 
instruction  of  the  Schools  to  any  one  who 
can  read  and  write 
and  wishes  to  better 
his   position  and 
salary  through  study 
and  peisevenunce.    I 
enrolled    in  The 
International  Corre- 
spondence Schools 
on  the  16th  of  Octo- 
ber, 1891,  being  their 
first  student  in  the 
Complete  Coal  Min- 
ing Course.    At  that 
time  I  was  driving 
headings  in  a  mine.    Ten  months  later  I 
received  a  state  certificate  as  foreman,  and 
secured  a  position  as  assistant  mine  foreman. 
This  I  held  for  one  and  one-half  years,  when 
I  obtained  a  position  as  mine  foreman,  and  six 
months  later  was  given  charge  of  both  the 
inside  and  outaide  of  the  mine  where  I  was 
employed.     This  position  I  have  held  nearly 
four  years,  my  salary  having  been  increased 
40    per  cent,  since  I    began  my    Course. — 
Thomta  Coata  {CM.l),  YcOemiU,  Pa. 


SaKX>LBOY  BECOMES 

A  DRAFTSMAN. 

1  have  been  very  much  pleased  at  the 
practical  results  of  my  Course  in  Mechanical 
Drawing  in  The  International  Correspond- 
ence Schools.    AAer  graduating  from  the 
high  school  at  home,  I  asked  the  principal 
of  the  school  where 
any  one  who  was  un- 
able to  go  to  college 
conld    obtain    a 
knowledge  of  me- 
chanical  drawing. 
He  said  he  consid- 
ered the  "Scranton 
School  Courses"  the 
best  way  of  obtain- 
ing it    I  accordii^[iy 
enrolled  on  the  31st 
day  of  July,    1897, 
and  received  my 

Certificate  of  Proficiency  in  leas  than  six 
mouths.  I  was  able  to  obtain  a  position  by 
merely  showing  the  drawings  made  in  my 
Course.  I  have  since  enrolled  in  the  Com- 
plete Mechanical  Course  and  am  making 
good  progress  in  the  same.  Theknowledgeof 
mechanical  engineering  thus  gained,  com- 
bined with  my  work  as  draftsman,  is  certain 
tobring  advancement — Carl  W.G<tge{M.  D. 
1014),  Oroton,  N.  Y. 

IS  NOT  IN  ELECTRICAL 

BUSINESS  FOR  HIBISBLF. 

I  caimot  speak  too  higtily  of  the  merits  of 
the  system  of  education  of  The  International 
Correspondence  Schools. 

My  connection  with  the  institution  has 
been  of  very  great  benefit  to  me.  I  enrolled 
in  the  Wiring  and 
Bellwork  Course  on 
the  Slst  of  Janoary, 
1898.  By  studying 
in  spare  time  I  com- 
pleted my  Course 
and  received  a  Cer- 
tificate of  Proficiency 
on  the  2lBt  of  Sep- 
tember, 1898. 

I  am  now  in  bnsi- 
nees  for  myself,  be- 
ii^;  a  member  of  the 
Carlisle  Cycle  Com- 
pany.   We  deal  in  bicycles,  sporting,  and 
electrical  goods,  and  do  a  general  wiring  and 
repair  business. — John  S.  Qingrieh  {J.  B.  M), 
CarliiU,  Pa. 
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The  Mechanic  Arts  Magazine* 


Extracts  from  Letters  to  the  Editor. 


Every  number  of  The  Mechaj«ic  Arts  Magazine 
teems  to  me  to  be  better  than  the  one  previous;  at 
any  rate,  it  grows  more  and  more  interesting  and 
instrucUye  to  me  eVery  month.  The  articles  are  so 
well  chosen  and  are  written  In  such  a  lucid  manner 
that  I  should  think  the  magazine  is  bound  to  be  a 
great  success.  W.  H.  £.,  New  Haven,  Conn. 


I  might  say,  before  closing,  that  taking  The 
MiCHANic  Arts  Maoazimb  all  around,  I  have  never 
seen  its  equai ;  it  seems  to  contain  all  that  is  essen- 
tial to  the  making  up  of  a  man. 

WiLraiD  £.  Wbtmorb, 
Boys'  Industrial  Home.  St.  John,  N.  B. 


I  consider  The  Mechanic  Arts  Magazine  the 
best  publication  for  voung  men  and  women  of 
inqainng  and  mechanically  inclined  minds  that  I 
have  ever  seen,  and  I  read  most  that  are  published. 
Its  selections  of  articles  are  admirable,  as  only  such 
are  selected  as  are  of  vital,  present  interest,  and  aUl 
are  easily  read  and  understood  by  people  of  average 
Intelligence.  It  is  peculiarly  happy  in  avoiding 
ntfUhematical  problems  and  solutions.  My  son.  oi 
seventeen  years,  said  the  other  day  as  he  finished 
the  last  number:  "This  magazine  is  more  inter- 
esting than  a  novel ;  everything  is  so  concise  and 
plain."  You  could  not  receive  nlgher  praise.  One 
uf  the  articles  on  the  hydraulic  ram,  in  a  back 
number,  has  furnished  him  with  great  amusement 
m  reading  and  rereading  it  and  making  experi- 
ments. It  is  the  fiimplicitv  of  the  language  used  and 
the  absence  of  high-sounding  words  and  ezpre«sions 
that  make  your  magazine  valuable  and  readable. 
The  magazine  is  more  than  "  satisf ai-tory  " ;  it  is  the 
moit'ratlsfactory  one  I  know  of  for  the  purpose  for 
which  it  Is  published.  W.  M.  Brown, 

May  26ih.  1899.  Albanf,  N.  Y. 


I  would  be  very  glad  to  take  the  agency  for  The 
Mechanic  Arts  Magazine,  as  I  am  largely  ac- 
quainted here,  and  think  I  can  do  something  for 
you;  at  any  rate  I  would  like  to  try.  I  like  the 
magazine  very  milch,  and  intend  to  continue  as  a 
subscriber.  Edwin  W.  Hamer, 

Brownsville  P.  O.,  Yuba  Co.,  California. 


I  am  pleased  with  The  Mechanic  Arts  Maga- 
zine. The  establishment  of  regular  practical  depart- 
ments, and  instructive  and  explanatory  articles 
continued  from  number  to  number,  is  better  than 
dividing  the  series  in  periods  far  between.  Your 
Oood  Schemes  department  is  a  good  plan. 

Samuel  Qibeau.  Register  of  Deeds, 

Red  Lake  Falls,  liinn. 


In  remitting  my  subscription  for  The  Mechanic 
Arts  Magazine,  allow  me  to  congratulate  yod  on 
the  marked  progress  of  your  magazine.  The  head- 
way it  is  making  in  popular  estimation  affords  a 
splendid  criterion  of  its  excellence,  and  I  consider  it 
fully  deserving  of  the  success  it  has  attained.  With 
beat  wishes  for,  and  every  confidence  in,  its  future 
prosperity,  I  remain  yours  truly,      W.  A.  Jefp, 

Hunterville,  New  Zealand. 


I|have  had  two'numbers  of  Volume  IV  of  your 
fine  magazine.  The  Mechanic  arts  Magazine,  and 
consider  the  May  number  is  itself  worth  $1.00  to  any 
one  engaged  in  a  mechanical  pursuit  Wishing  you 
success  in  the  grand  work  of  Illuminating  the  work- 
man's path  by  the  lamp  of  knowledge,  I  am  very 
truly  yours,  jLinwood  C.  Pltjmmbr. 

Box  243,  Fort  Fairfield.  Maine. 


The  G>Iliery  Engineer  Gx^  PubUshers,  Scranton^  Pa« 
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EXCEPTIONAL  OPPORTUNITY 
TO  MAKE  MONEY. 


The  "Southern 
Farm  Magazine" 
—a  high-class 
monthly  Maga- 
ctne,  deroted  to  Southern  agriculture— is  desirous  of 
iDcreasing  its  subscription  list  and  will  offer  very  liberal 
terms  to  agents. 

Sotmliitlons  can  be  secured  in  every  part  of  the 
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^A^HY  READ  THIS  MAGAZINE? 


Thb  Practical  Usefulness  op  an  Enlarged  Intblligencb — ^The  Development  of  Natural 

Gifts  by  the  Accumulation  op  Sound  Knowledge. 


WHY  should  I  read  a  mflgazine  like  this  ? 
What  is  the  use  of  understandiug 
the  principles  of  mechanics?  Why 
should  I  bother  my  head  about  Newton's 
diflcoyeries,  and  the  law  of  gravitation?  I 
am  not  a  machine  designer,  neither  am  I 
trying  to  invent  a  perpetual- motion  machine. 
Why  should  I  know  just  why  a  ball  bearing 
is  better  in  some  places  than  a  plain  one? 
I  can  see  that  it  is;  why,  then,  should 
I  worry  about  the  principles?  What  do  I 
care  about  lead  pencils,  how  they  are  made 
or  how  they  used  to  be  made?  I  am  not  a 
draftsman.  What  can  there  be  about  the 
art  of  rope  splicing  or  the  firing  and  direct- 
ing of  a  torpedo  that  can  possibly  be  inter- 
esting or  of  any  practical  value  to  an  ordinary 
landsman  like  me?  What  good  will  it  do 
me  to  know  how  steel  is  tested?  I  do  not 
use  it  in  my  business. 

Why,  then,  should  I  read  The  Mechanic 
Abtts  Magazine? 

Because  it  will  make  you  more  intelligent ; 
because  your  intelligence,  with  the  power 
that  it  gives  you  of  perceiving  the  laws  by 
which  matter  in  its  various  forms  is  con- 
trolled, is  one  of  the  faculties  that  separate 
you  from  the  lower  animal  creation ;  because 
you  owe  it  to  yourself  to  develop  your 
natural  gifts ;  because  it  is  unworthy  of  a 
human  being  to  degenerate  into  a  mere 
machine,  performing  his  part  of  the  world's 
-work  automatically,  and  using  the  product 
of  other  men's  brains  without  taking  the 
trouble  to  understand  the  how  and  why  of 
the  results  produced  by  ingenuity  and  skill. 

Learning,  says  the  proverb,  is  light  to  carry 
about  Knowledge  of  the  principles  applied 
in  the  construction  of  the  common  neces- 
saries of  every-day  life  enlarges  the  mind, 
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quickens  the  imagination,  awakens  the  per- 
ceptions, and  opens  the  way  to  new  interests 
which  are  practically  unlimited. 

Or  consider  the  matter  from  the  standpoint 
of  usefulness.  Every  fresh  piece  of  informa- 
tion that  you  possess  about  useful  things 
adds  something  to  the  capital  with  which 
you  are  to  make  your  way  in  life.  Capital 
does  not  consist  of  dollars  and  cents  alone, 
but  includes  your  health,  your  brain,  your 
clever  fingers,  your  ready  tongue,  your 
kindly,  generous  heart,  which  prompts  you 
to  help  another  over  a  hard  place.  Every 
newly  acquired  fact  can  and  should  strengthen 
your  equipment  in  some  one  or  other  of  these 
departments ;  and  the  applications  of  your 
knowledge  of  facta  are  only  limited  by  your 
opportunities,  and  your  own  readiness  to 
grasp  them.  No  one  knows  as  well  as  a 
mechanic  or  a  business  man  how  unexpect- 
edly opportunities  arise. 

But  the  knowledge  must  be  real  and  sound ; 
not  a  vague  memory  of  once  having  heard  of 
this  discovery  or  of  that  invention,  or  of 
having  read  something  wonderful  in  a  news- 
paper. It  is  this  sound  knowledge  that  The 
Mechanic  Arts  Magazine  endeavors  to 
impart,  with  regard  to  the  simple  facts  and 
the  common  apparatus  of  every-day  life. 

Do  not  say  **  I  have  no  time  to  read  of  such 
things  "  or  **  I  cannot  afford  to  subscribe  for 
a  magazine."  You  read  and  pay  for  the 
newspaper  every  day  ;  yet  stay  :  do  you  read 
it?  or  does  your  eye  merely  follow  column 
after  column  of  worthless  details  to  be  for- 
gotten ad  they  are  read  ?  You  will  not  deny 
that  you  do  forget  them  ;  nay,  you  will  even 
admit  that  you  do  not  wish  to  remember 
them.  And  a  word  in  your  ear,  my  friend  : 
Such  reading  does  you  a  damage ;  it  tends  to 
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convert  your  head  into  a  sieve  ;  it  weakens 
your  memory,  and  fixes  on  you  the  bad 
habit  of  letting  your  eye  follow  the  words 
on  the  printed  page  wiUiout  ever  using  your 
mind  on  the  matter  therein  contained.  The 
day  may  come  when  this  habit  will  be  a 
curse  to  you,  for  it  will  hamper  you  and 
hinder  you  when  you  really  want  to  study 
and  reflect. 

And  what  does  your  newspaper  cost  you  ? 
Scarcely  less  than  3  cents  a  day,  and  that 
is  at  the  rate  of  about  $11.00  a  year ;  yet 
at  the  end  of  the  year  you  have  practi- 
cally nothing  to  show  for  it ;  you  have 
not  only  forgotten  99  per  cent,  of  what  you 
have  read  during  the  year,  but  you  have 
thrown  the  papers  away  ;  not  even  kept  that 
spleq^idly  illustrated  Sunday  edition  (in 
colors)  that  contained  the  graphic  account 
of  the  aerial  gun  carriage,  and  the  floating 
hotel  in  the  middle  of  the  Atlantic,  and  the 
electromagnetic  thought-reading  machine; 
even  that  was  forgotten  and  thrown  away  or 
used  for  packing  dishes  in  when  you  moved 
house  last  April.  And  you  know  just  about 
as  much  as  you  did  a  year  ago. 

During  the  year  the  time  you  have  spent 
reading  the  paper  amounts  in  all  to  several 
weeks  of  working  days  of  eight  hours  a 
day  and  it  has  cost  you  in  cash  about 
$11.00 ;  yet  you  have  nothing  to  show  for 
it ;  all  you  can  say  is  that  the  earth  has 
made  one  more  'Map,''  and  here  we  are 
again  at  the  same  old  stand,  having  lived 
and  worked,  walked  and  talked,  and  done 
everjrthing  else  for  another  year,  are  just 
about  as  much  in  debt,  and  I  wonder  where 
we'll  all  be  this  time  next  year. 

Yet  there  are  a  great  many  things  that 
are  worth  knowing— just  about  as  many,  in 
fact,  as  there  ^rere  this  time  last  year ;  and 
if  you  go  along  in  the  same  old  way,  there'll 
be  just  about  as  many  this  time  next  year. 

Now,  why  not  do  a  little  bit  of  real  raiding  ? 
It  isn't  such  very  hard  work,  and  it  will 
repay  you  many  times  over.  It  may  not 
have  any  material  and  immediate  eflect  on 
your  exchequer — that  all  depends  on  how 
you  play  your  cards — but  it  will  strengthen 
your  hand,  and  perhaps  supply  you  with 
cards  that  you  never  possessed  before. 

Don't  look  on  reading  a  magazine  like  this 
as  **  studying."  It  is  not  meant  to  be  that, 
but  a  useful  recreation,  and  one  that  you 
will  not  tire  of  You  won't  have  to  worry 
over  mathematical  problems  or  anything  of 
that  sort ;  no  doubt  you  have  problems 
enough  in  your  business ;  but  a  number  of 
interesting  things  will  be  told,  and  many 


other  things  that  you  have  never  under- 
stood, though  often  wondered  about,  will  be 
explained. 

A  few  weeks  ago  a  gentleman  (a  surgeon 
from  a  New  York  hospital),  while  in  the 
office  of  this  magazine,  saw  in  preparation 
the  article  on  lead  pencils  that  appears  in 
another  part  of  this  number.  Said  he,  ''So 
that^s  the  way  lead  pencils  are  made! 
How  exceedingly  interesting!  I've  often 
wondered  how  pencils  are  made."  Then  he 
sat  down  and  read  the  article  through,  in  the 
rough,  and  then  and  there  subscribed  for  the 
magazine.  "If  you  publish  articles  of  that 
kind,"  he  said,  "  I  don't  intend  to  miss  any 
more  of  them." 

Now,  what  earthly  lUie  can  it  be  to  that 
surgeon  to  know  how  lead  pencils  are  made? 

Suppose  we  answer  that  question  in  tme 
Yankee  fashion  by  asking  another :  What 
use  is  ordinary  knowledge,  anyhow?  One 
can  understand  why  special  knowledge  is  of 
value ;  no  need  to  ask  a  surgeon  why  he  is 
interested  in  knovring  how  to  amputate  a  leg ; 
or  a  builder  why  he  learned  how  to  lay 
brick ;  or  an  engineer  what  use  it  is  to  him 
to  know  how  to  read  an  indicator  card. 
Such  knowledge  will  buy  bread  and  butter ; 
it  has  a  positive  market  value ;  no  need  to 
ask  any  questions  about  it.  But  the  other 
kind  of  knowledge  ? 

Here  the  writer  will  ask  indulgence  while 
he  relates  a  little  personal  experience.  A 
few  years  ago  I  was  living  on  the  outskirts 
of  a  city,  in  a  house  that  adjoined  a 
vacant  lot.  One  fine  morning  building 
operations  were  begun  on  that  lot,  and  in 
due  time  the  foundations  were  completed, 
then  the  framework  went  up,  and  finally  the 
carpenters  got  to  work  on  the  interior.  It 
happened  that  the  bay  Mrindow  of  my  sitting 
room  faced  the  new  house,  so  that  with  the 
windows  open  I  could  hear  the  carpenters 
talking,  and  during  the  noon  hour,  when 
sawing,  planing,  and  hammering  ceased  for 
the  time,  I  could  hear  pretty  nearly  all  that 
was  said.  I  soon  discovered  that  there  was 
one  man  who  did  more  talking  than  all  the 
rest  put  together,  and  at  first  I  made  up  my 
mind  that  he  was  a  nuisance — ^that  is,  to  the 
other  men.  One  day,  curiosity  got  the  better 
of  me  and  raising  the  window  I  listened  and 
watched.  The  talkative  man  was  seated 
comfortably  on  top  of  a  big  packing  case, 
with  his  back  against  a  board  and  his  legs 
stretched  out  horizontally,  and  he  was  deliv- 
ering a  kind  of  "lecture"  on  the  United 
States  Patent  Office.  What  he  said  was  to 
the  point  and  free  from  all  exaggeration,  bat 
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he   said   so   many   sarcastic  things  about 
inventors  in  general  and  the  Patent  Office  in 
particular,  that  I  concluded  he  must  have  had 
"  experience  *'  as  an  inventor  and  been  bitten 
pretty  hard  some  time  or  other.    The  next 
day  I  listened  again,  and  to  my  surprise  the 
same  man  was  talking  about  flowers — the 
wild  flowers  of  the  woods — and  it  was  a  treat 
to  hear  him,  he  was  so  much  in  earnest, 
and  so  thoroughly  familiar  with  the  subject. 
I  now  began  to  suspect  that  I  was  listen- 
ing to  a  remarkably  intelligent  and  well- 
informed  man,  and  the  next  day  settled  the 
matter  beyond  all  possible  doubt.    He  began 
by  talking  about  the  pendulum ;  then  some- 
how or  other  he  got  around  to  bicycles,  and 
one  of  the  men  asked  him  a  question  :    '  *  Say, 
Charlie  (they  called  him  Charlie),  can  you 
tell  me  why  it's  so  much  easier  for  a  man  to 
ride  a  mile  on  a  bicycle  than  to  vxxlk  a  mile? 
That's  something  I've  never  been  able  to 
understand."      **Why,     certainly,"      said 
Charlie.     "It'sjustthisway :    When  you're 
riding  a  wheel,  your  body  moves  in  practi- 
cally a  straight  line,  and  all  you've  got  to  do 
is  to  overcome  the  resistance  of  the  air  and 
the  friction  in  the  wheel ;  but  when  you're 
walking,  you  have  to  lift  yourself  up  and 
put  yourself  down  again  every  step  you  take, 
and  if  you  weigh  a  couple  of  hundred,  like  I 
do,  why,  you're  doing  a  **  putty  consid'able" 
amount  of  work.    That's  about  all  there  is 
to  it"    The  next   day   he  talked    about 
carpenters'     tools,     different    makes    and 
qualities,    and   gave    some  good   practical 
pointers.    At   another   time   I  heard  him 
explaining  how  wines  and  liquors  are  adul- 
terated.   Now,  this  man  was  head  and  shoul- 
ders above  any  others  in  that  crew,  and,  of 
coarse,  he  was  the  "boss."    It  wasn't  long 
before  I  got  to  know  him,  and  I  found  that, 
whatever  his  topic,  he  knew  what  he  was 
talking  about ;  he  did  not  talk  in  generali- 
ties, but  of  things  that  he  really  understood. 
He  was  interesting  not  only  to  listen  to, 
bat  to  talk  to ;  and  why  ?    Because  he  was 
intelligent   and  well   informed ;    he  really 
knew  something — something  outside  of  his 
bosiness.    There  was   no   mathematics   in 
what  he  said,  no  abstruse  or  learned  reason- 
ing that  was  difficult  to  follow  ;  but  he  was 
chuck  full  of  information,  and  just  "  told 
things"  in  a  simple,  direct  way,  so  that 
others  could  understand.    On  entering  his 
house  the  first  thing  one  noticed  was  the 
number    of    books  scattered    around — not 
novels,  but  books — and  there  was  a  micro- 
scope on  top  of  the  bookcase,  all  ready  for 
nse ;  and  hanging  on  the  wall  there  was  a 


violin,  and  he  played  it  well,  too — ^must  have 
practiced  hourc,  days,  weeks,  to  **  get  there." 
He  wasn't  wealthy  in  cash— just  comfortably 
ofl*— but  he  was  a  Crcesus  in  resources  for 
enjoyment,  and  these  riches  he  shared  with 
any  one^who  cared  to  share  them  with  him. 

He  had  acquired  a  knowledge  of  these 
things  just  as  the  New  York  surgeon  learned 
how  lead  pencils  are  made,  and  for  the  same 
reason — because  he  had  a  clear,  alert,  intel- 
ligent mind,  and  all  fresh  knowledge  was  a 
source  of  pleasure  to  him.  May  it  not  possi- 
bly be  a  source  of  pleasure  to  you  ? 

That  the  general  public  is  ever  willing  to 
listen  when  interesting  things  are  told,  there 
is  no  doubt ;  otherwise,  why  should  the 
newspapers  watch  so  closely  and  so  jealously 
for  every  new  invention  and  discovery  that 
can  possibly  be  made  the  subject  of  a  sensa- 
tional article  ?  But  newspapers  are  made  to 
seUf  and  though  they  contain  much  news 
from  day  to  day  that  it  is  your  duty  as  a 
citizen  to  read,  it  Is  not  right  that  they 
should  be  your  one  and  ohly  source  of 
scientific  knowledge,  however  plausibly  and 
attractively  such  knowledge  is  .presented. 
It  may  have  seemed  very  interesting  to 
read  about  that  aerial  gun  carriage,  and 
about  that  floating  hotel  and  the  electro- 
magnetic thought-reading  machine,  but  it  was 
a  most  unprofitable  way  of  spending  your 
time,  whether  it  was  a  Sunday  or  a  weekday, 
because  you  [knew  "perfectly  well,  if  you 
stopped  to  think  about  it  at  all,  that  every 
word  of  it  was  impossible  nonsense. 

Then,  why  wast^your  time  reading  such 
stuff?  Why  not,  instead,  read  about  things 
that  really  are  f  Every  detail  of  your  sur- 
roundings is  interesting  if  you  only  knew 
something  about  it.  You  possibly  flatter 
yourself  that  you  live  in  an  ^ilightened  age. 
'Tis  quite  true  that  you  do  ;  a  great  deal  is 
known  today  about  the  sun  and  the  moon 
and  the  stars  that  was  not  known  a  thousand 
years  ago  ;  a  thousand  years  ago  they  didn't 
make  as  much  use  of  electricity  as  they  do 
now  ;  no  one  had  ever  dreamed  of  dynamite 
guns  and  torpedoes ;  gunpowder  had  not 
been  invented;  bicycles  were  unknown,  so 
were  automobiles  and  even  pneumatic-tired 
buggies  ;  and  neither  telephones,  nor  phono- 
graphs, nor  kinetoscopes,  nor  amateur  pho- 
tography had  appeared  on  the  face  of  the 
earth.  But  how  much  do  you  know  about 
these  things  ?  It's  all  very  well  to  live  in  an 
enlightened  age,  but  don't  you  think  it 
would  be  as  well  if  you  understood  some  of 
the  things  that  go  to  make  the  age  so  very 
enlightened  ? 
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AFTER  bidding  the  machinist  draftsman 
to  first  of  all  sit  down  and  study,  it 
might,  perhaps,  be  now  in  order  to 
map  out  for  Mm  a  regular  course  in  machine 
designing,  beginning  with  an  enumeration 
of  the  theoretical  studies  to  be  pursued,  and 
winding  up  with  discussions  of  various  types 
of  machinery,  somewhat  on  the  basis  of  a 
college  catalogue.  The  writer  could  thus 
acquit  himself  of  the  task  gracefully  and 
with  ease,  but  it  is  probable  that  the  stately 
array  of  studies  alone,  to  say  nothing  of  the 
learned  discussions  following  them,  would 
fill  with  awe  and  despair  the  heart  of  the 
man  who,  though  ambitious  to  become  a 
competent  designer,  has 
still  to  work  for  a  living. 
Now,  as  a  matter  of  fact, 
the  draftsman  entering 
the  field  of  machine  de- 
sign has  but  to  master  the 
very  elements  of  math- 
ematics and  mechanics 
before  he  already  feels 
the  enormous  help  this 
newly  acquired  knowl- 
edge is  to  him ;  and  he 
will  find  himself  almost 
daily  in  position  to  use- 
fully apply  it.  It  is  this 
that  affords  the  greatest 
encouragement  to  the  man 
who  has  to  advance  him- 
self by  his  own  efforts. 
As  time  goes  on  he  will 
have  no  difficulty,  in  this  age  of  books,  in 
selecting  his  studies,  but  in  starting  out  it  is 
essential  for  him  to  take  up  elementary 
geometry,  algebra,  and  mechanics  (notably 
that  branch  of  mechanics  which  comes  under 
the  head  of  "  strength  of  materials  " ). 

In  the  beginning  of  his  career  the  designer 
will  have  little  use  for  the  higher  branches 
of  science,  because  he  will  not  be  called  on 
right  off  to  design  a  steam  engine  or  a 
printing  press  or  any  other  kind  of  complete 
machine,  all  by  himself ;  he  could  not  do  it 
if  he  were,  even  though  he  had  at  his  finger 
ends  all  the  necessary  theoretical  knowledge 


Fio.  1. 


particular  training  which  long  and  close 
association  with  detail  work  alone  can  give. 
Let  us  accompany  the  machine  designer 
from  the  time  he  enters  the  field  as  drafts- 
man pure  and  simple.  In  doing  so  we  must 
needs  choose  a  hypothetical  case,  and  oar 
choice  may  naturally  be  of  the  type  that 
leads  most  directly  to  a  successful  end. 

As  previously  stated,  the  tendency  with 
most  machine  builders  is  to  confine  them- 
selves to  the  nlanufacture  of  one  special  kind 
of  machinery.  A  great  deal  of  the  work  in 
the  drafting  rooms  of  such  concerns  consists 
in  the  mere  alteration  of  existing  designs  to 
suit  special  conditions,  and  it  is  this  kind  of 

work  that  the  young 
designer  is  generally  first 
entrusted  with.  It  must 
not  be  supposed,  however, 
that  it  is  necessarily  eagy 
work ;  on  the  contrary, 
it  may  prove  quite  as 
difficult  as  designing  a 
new  machine,  and,  under 
some  circumstances,  even 
more  difficult 

We  deem  it  proper, 
right  here,  to  impress  on 
the  young  designer  the 
great  importance  of  being 
systematic  about  one's 
work.  Any  work  that  is 
worth  doing  at  all  is  worth 
doing  well,  and  all  calca- 
lations  and  sketches 
should  be  so  made  that,  at  later  occasions, 
they  can  be  referred  to  with  certainty.  The 
designer  should  keep  a  book  for  this  pur- 
pose, and  not  make  his  calculations  on  fly 
leaves  or  scraps  of  paper.  A  habit  of  neat- 
ness and  systematic  treatment  of  even  t^e 
smallest  detail  will  prove  a  source  of 
enormous  saving  in  both  time  and  labor. 
This  is  particularly  true  of  intricate  numer- 
ical calculations ;  no  living  man,  be  he  ever 
so  excellent  an  arithmetician,  is  infallible, 
and  mistakes  will  creep  in  now  and  then. 
If  the  figuring  has  been  done  in  a  desultory 
way  on  little  bits  of  scrap  paper,  all  jumbled 


such  as  the  college   affords,   without  that      up,  it  will  be  difficult,  if  not  impossible,  to 
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trace  the  mistake,  especially  if  a  few  days 
have  elapsed  in  the  meantime. 

Fig.  1  represents  the  fomiliar  cast-iron 
frame  of  a  ponching  press.  The  press  is 
designed  to  punch  a  l}-inch  hole  in  a  }-inch 
plate,  40  inches  from  the  edge.  The  throat 
is  therefore  made  42  inches  deep,  to  give 
clearance  to  work  in.  Now,  a  customer 
wishes  to  purchase  one  of  these  presses,  but 
stipulates  that  the  throat  must  be  48  inches 
deep,  as  shown  in  dotted  lines  in  Fig.  1.  We 
will  assume  that  the  press  is  some  special 
make  and  that  no  larger  size  has  been  built ; 
also,  that  it  is  doubtfril  if  there  will  be  any 
forth  er  demand  for  this  particular  style  and 
size  of  press.  It  is  decided,  then,  instead  of 
making  a  new  pattern,  to  try  to  so  alter  the 
old  one  that  it  will  satis£Eu:torily  serve  the 
purpose  for  this  order.  This  has  to  be  done 
with  as  little  expense  as  possible,  of  course, 
and  without  injury  to  the  old  pattern  ;  and 
it  is  farther  required  that  the  finished  job 
shall  not  look  as  though  it  had  been  patched. 


i;ii;iiriTuii!iiiii 


ing  through  the  center  of  gravity  of  the  sec- 
tion, thus  producing  tension  to  the  right  of 
that  axis  and  compression  to  the  left,  as 
i  ndicated  in  Fig.  3.  Combining  these  stresses, 
we  can  represent  them  as  in  Fig.  4.  The 
magnitude  of  the  stress  per  square  inch  due 

to  the  direct  pull.  Fig.  2,  is  expressed  by  the 

p 
formula  /S  =  -r-,  in  which  A  is  the  area  of  the 

section  A  B.  The  stress  due  to  the  bending 
action.  Fig.  3,  is  expressed  for  the  tension  at 
T  by  the  formula 

and  for  the  compression  at  C  by  the  formula 

_  P(^^_a)(^o-a) 

in  which  t  =  depth  of  the  throat ; 

a  and  (h^ — a)  =  distances  from  the  center 

of  gravity  to  the  outermost 
points  of  the  section  ; 
I  =  moment  of  inertia  of  the 
section. 

/ 


SrA  1 1 1 1 

•  c' ' ' ' ' '   ■  i 
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1 1 1 1 
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Fig.  8. 


Fig.  4. 


In  carrying  out  this  order,  we  first  make  a 
sketch  of  the  old  frame  and  shift  the  center 
of  the  circle,  marking  the  bottom  of  the  throat 
6  inches  from  0  to  (X .  This  would  leave  the 
depth  of  the  frame  on  line  AB  40  inches, 
making  the  weakening  efiect  of  the  increased 
throat  depth  at  once  apparent ;  this  will  be 
the  more  so  if  we  also  shift  the  circle  indica- 
ting the  rib  of  the  jaws  an  equal  distance.  To 
even  up,  we  so  plan  the  rib  circle  that  the 
depth  beyond  it  will  be  as  nearly  as  possible 
uniform  all  around.  So  much  for  outside 
appearances.  The  loss  of  metal  at  the  sec- 
tion A  B  must  be  compensated  for  in  order 
to  make  the  new  frame  as  strong  as  the  old 
one.  To  get  at  the  strength  of  the  frame  at 
this  section  we  first  recognize  that  here  is  a 
case  of  eccentric  stress.  The  pressure  of  the 
punch  on  the  plate  tends  to  force  the  jaws 
apart,  which  tendency  is  resisted  by  the 
▼arions  parts  of  the  frame.  The  effect  on 
the  section  AB'ib  twofold.  The  force  F  not 
only  tries  to  pull  the  upper  half  of  the  frame 
▼ertically  upward,  thus  producing  a  tension 
all  over  the  section,  as  indicated  in  Fig.  2, 
bnt  also  tries  to  turn  it  round  an  axis  pass- 


Combined,  the  stresses  for  the  tension  are 
expressed  by  the  equation : 

and  for  the  compression  by  the  equation 
^_  o      o   _   -P      P(ti-a)(h^-a) 
""        A  I 

The  problem  is  now  to  so  arrange  the 
material  in  our  section  that  C  and  T  shall 
not  exceed  a  certain  number  of  pounds  per 
square  inch.  In  order  to  make  use  of  the 
above  formulas,  we  must  first  ascertain  the 
values  of  /  and  a.  For  the  purpose,  we  must 
first  lay  out  a  section  by  guess,  calculate 
its  moment  of  inertia,  and  insert  same  in 
the  stress  formulas  to  see  if  the  result  is 
satisfactory.  If  this  is  not  the  case,  that  is, 
if  T  or  C  comes  out  too  large  or  too  small,  the 
whole  operation  must  be  repeated  by  laying 
out  another  guess  section. 

The  calculation  of  /  is  a  troublesome  job, 
requiring  time  and  patience.  Every  means 
possible,  therefore,  should  be  used  to  lessen 
this  work.  Among  these  means  there  is, 
first  of  all,  the  establishment  of  a  formula 
for  the  section,  if  this  is  practicable.    For 
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most  simple  figures  such  formulas  are  found 
in  every  engineering  pocketbook,  but  for 
unusual  forms  they  must  be  expressly  estab- 
lished. In  many  cases  such  formulas 
become  too  cumbersome  to  be  of  any  prac- 
tical value,  and  numerical  calculation  is 
then  resorted  to  at  once.  When  the  section 
can  be  divided  into  a  number  of  rectangles 
or  triangles  having  a  common  basis,  the  fol- 
lowing formulas  will  be  found  very  useful : 

Rectangles : 


/  = 


12 


A,)  +  Aj 


(^0 -1-^1)^2  ^o.  {Ao-\-Ai  + 

©2*  -f-  .  .  . 


-4n— l)-^ 


Aq  +  Ai  -\-  Ai 


'—^  pi 


Aq  -\-  Ai  +  .  .  .  Ai 


^  =   On-l  — 


2* 


_   -^  ^  +  ^1  ^1  +  ...  An  ka 

^~   2(Ao-\-A~i-hA2-{-...AJ' 

Triangles : 

.,  _  Aq'  V«  +  Ai'  fH'^-^...  A.'  V«  ,     Ao'Ai'      .,  . 

18  ^Ao'-i-Ay'^'    ^ 


io'  +  ^i'  +  ^a'^  Ao'+Ai'+...A 

en'  =  On-l'  ^'. 

,   ^    ^n    K'  +  Ay'  hi'  -f  .  .  .  An^  V 

The  formulas  for  rectangles  and  triangles 
can  be  used  in  combination  by  first  finding 
/,  e,  and  a  for  one  set,  then  for  the  other, 
and  then  combining  the  results  in  the  follow- 
ing formulas : 

lu^al   =   I  +  I' -\-  ^^'^^  ^'• 

E  =  a 


^  total   — 


n 

A  a 


n 


{A  +  A') 

-<■ 

+  A' a,' 

A  +  A^ 


In  which  A  and  A^  are  total  areas. 

When  a  rectangle  or  triangle  is  to  be  sub- 
tracted from  a  section,  it  must  be  introduced 
into  the  formulas  with  the  negative  sign. 

We  shall  now  proceed  to  apply  these  for- 
mulas to  our  case.  Fig.  5  is  a  section  of  the 
old  frame  at  A  B,  the  dotted  lines  Indicating 
the  new  outlines  after  shifting  the  throat  and 
the  jaw  ribs.  We  will  first  see  what  the 
stresses  T  and  C  amount  to  if  we  make  no 
further  changes.  For  this  purpose  we  divide 
up  the  new  sections  as  indicated  in  Fig.  5 
and  make  in  our  book  the  schedule  given  in 
the  next  column. 

For  determining  the  stresses  Tand  C,  we 
must  first  know  the  value  of  P,  which  is  evi- 
dently dependent  on  the  shearing  strength  of 
the  metal  plate  to  be  punched,  as  well  as  on 
the  size  of  the  punched  hole.  It  is,  however, 
also  dependent  on  the  style  of  punch  used, 
the  speed  of  the  punching  operation,  and  the 


condition  of  the  punch  and  die.  If  the  shop 
makes  a  specialty  of  punching  presses,  there 
will  be  in  use  a  certain  empirical  value 
determined  by  experience  for  the  resistance 
encountered  by  the  punch  per  square  inch 
of  sheared  surface.  The  young  designer 
cannot  be  expected  to  know  this  empirical 
Note  Book  Schedule. 
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value  ;  therefore,  he  should  ask  his  superior, 
and  should  not  be  afraid  to  do  so.  If  the 
head  draftsman  is  a  sensible  man,  he  will 
cheerfully    give    such   information — if    he 

*  The  sign  fv  is  a  convenient  one  to  denote  approx- 
imate results. 
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I  it  himself.  Let  us  aBmmte  that 
63,000  pounds  per.  square  inch  is  considered 
a  safe  value  for  the  resistance  offered  b^  an 
iron  plate.    We  then  have 

P=  63,000  X  T  X  U"  X  i"  =  222,660.9 
"g  eso,ooo\\). 
P       230,000 


376  " 


=  611.7. 


ribs  will  be  more  effective  than  a  rectanKolar 
one.  Forthiswehave,  when6'=16,  h'=14, 

^'  =  ^  =  112,  I'  =  ^^-  =   1,219.56. 


and  for  the  total  section 


7-"64,300    "^■^"~^'^- 
7(<  +  o.)=3.6X(48  +  U.23) 
=  3.6  X  62.23 'V  S34 
7  ('  +  a»)  a»  =  224  X  14.23  =  3,177 

ji.l+'h)(K-'h)  =  224X26.77  =  5,7/ 
r=  611.7  +  3,177.52  =  3,789.22 -v  S 
C  =  611.7  —  5,772.48  =  —  5,160 
nj  —S,tOOlb. 
For  cast  iron  subjected  to  quickly  < 
loads,  OS  in  our  case,  the  permissible 
atreas  should  not  exceed  2,850  ponndi 
the  compreaaive  etress  may  safely  b 
times  as  great,  or  8,550  pounds.    F 
reason  the  metal  on  the  original  fra 
crowded  toward  the  tension  side, 
making  up  the  altered  section  we 
most   do  the   same.    By  &r  the 
greater  portions  of  the  stremefl  T 
and  C  are  due  to  the  bending  action 
of  the  load,  and  they  are  propor- 
tional to  a  and  (fto  —  o).     Now,  as 
C  may  be  three  times  as  great  as 
T,  oar  endeavor  should  be  to  so 
place  our  additional  stock  in  the 
frame  section   that  a  will  be   as 
nearly  one  fourth  of  Aj  as  practi- 
cable under  the  existing  circum- 
stances. As  we  are  not  to  injure  the 
old    pattern    nor    to   incur    great 
expense    in    its   alteration,   there 
remain  only  two  ways  to  put  on 
more   metal :   by   reducing  the  core,    and 
by  patching  on  at  the  sides  of  the  pat- 
tern— in    both    coses    crowding    the    metal 
toward  the  throat.    It  will  at  once  seem 
natural  to  increase  the  depth  of  the  jaw  ribs, 
inasmuch  aapatchpiecesmust  be  made  any- 
how.   Besides,  this  will  be  the  most  effect- 
ive disposition  of  the  metal,  as  it  will  tend 
more  to  throw  the  gravity  axis  of  the  section 
towajd  the  throat  or  tension  side  than  redu- 
cing   the   core  would.    We  will    therefore 
leave  the  core  as  it  is  (thereby,  at  the  same 
time,  saving  the  expense  of  altering  the  core 
box),  and  add  to  the  jaw  ribs.    It  is  further 
evident  that  adding  a  triangular  piece  to  the 


376X14.23  +  112X4-67 


E'  = 


14.23-4.67  =  9.56; 

?Zexii2o,  „„ 


■fwaj  —  64219.27+1219.56  +  ' 
=  73,325.32  ^  73,300. 
P   _  230,000  _ 
^    -      488      -  ^^^■'^■'■ 
P  __  230,000  _  „  , . 
/  -  73";300   -  ■^■'^■ 

^-{(  +  o.)^3.14X(48  +  12)  =  I 
y(i  +  a,)a,  ^  2,260.8. 
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188.4  X  28  =  6,275.2. 
T  =  2,732.09  r^  l^JSO  lb. 
C  =  4,803.91  oj  4^800  lb. 

These  results  are  quite  satisfiEkctory.  The 
fact  that  the  tension  is  even  below  the  per- 
missible limit  allows  rounding  the  corners. 
The  other  sections  of  the  frame  C,  CXK, 
Cf^D",  and  so  forth,  are  the  less  affected  by 
the  change  of  throat  depth  the  nearer  they 
are  to  the  head.  The  triangular  increase  of 
thickness  of  the  jaw  ribs  has  therefore  not 
to  extend  all  round,  but  should  gradually 
decrease  into  the  flat  original  shape  towards 
the  head. 

The  practical  execution  of  the  alteration 
of  the  frame  is  simple  enough,  and  consists 
in  making  a  core  box  for  a  core  of  crescent 
shape  to  be  put  into  the  mold,  thus  giving 
the  increased  throat  depth.  For  the  pat- 
tern, detachable  core  prints  must  be  made, 
and  detachable  patch  pieces  for  the  ribs. 

The  foregoing  example  illustrates  a  certain 


kind  of  work  that  young  designers  are  likely 
to  be  called  upon  to  do.  That  it  requires 
not  only  common  sense,  but  also  familiarity 
with  the  theories  of  the  mechanics  of  mate- 
rial and  dexterity  in  the  handling  of  figures, 
is  evident.  It  is  not  always,  however,  that 
a  case  of  alteration  reduces  itself  to  a  simple 
question  of  strength,  and  in  many  cases 
other  considerations  are  the  determining 
ones.  For  instance,  if  for  a  machine  tool  a 
certain  attachment  is  to  be  made  that  will 
enable  the  machine  to  do  a  certain  job  for 
which  it  was  not  originally  intended,  the 
new  piece  or  mechanism  must  be  so  schemed 
that  it  will  conveniently  fit  into  the  existing 
machine,  that  its  attachment  shall  not 
destroy  any  of  the  qualities  of  the  tool,  that 
it  can  be  easily  and  cheaply  made,  that  it 
may  be  used,  if  possible,  for  a  variety  of 
similar  work,  etc.  This  kind  of  work,  which 
is  known  as  toolm<iking,  requires  a  great  deal 
of  personal  ingenuity  as  well  as  knowledge 
of  the  wants  of  the  shop.  We  shall  have 
occasion  to  speak  of  this  later  on. 


(Tbbe  Qmtinued.) 
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What  Bearings  in  General  Are  For — Comparison  of  the  Principal  Types — Why  Roller 
AND  Ball  Bearings  Are  Not  Used  More  Than  They  Are  in  Machinery. 


IN  THESE  days  of  much  bicycle  riding, 
everybody  knows  what  a  ball  bearing  is, 
and  all  cyclists  are  more  or  less  familiar 
with  its  construction.  They  know  that,  as 
compared  with  the  **  old  timer,"  the  bicycle 
of  1899  is  wonderfully  easy  to  push,  and 
some  of  them,  realizing  that  the  improve- 
ment is  mostly  due  to  the  adoption  of  the 
ball  bearing,  have  been  known  to  ask  why 
this  particular  kind  of  bearing  is  not  used 
more  than  it  is  m  machinery ;  if  it  is  good 
for  a  bicycle,  why  not  for  a  locomotive 
engine?  Now,  this  proves  that  there  are 
misunderstandings  about  the  subject ;  so,  as 
The  Mechanic  Arts  Magazine  is  supposed 
to  set  people  right,  it  is  only  proper  that 
something  be  said  about  bearings. 

The  subject  is  not  a  very  big  one  (except 
in  detail,  and  we  shall  not  enter  into  detail 
here),  so  it  will  pay  to  begin  at  the  begin- 
ning and  get  a  clear  idea,  first  of  all,  what  a 
bearing  is  for. 

In  practically  all  machinery,  some  force 
having  definite  direction  in  a  straight  line  is 


made  to  act  on  a  combination  of  links  and 
levers  in  such  a  maimer  as  to  cause  the 
motion  in  a  straight  line  to  be  converted  into 
motion  of  some  other  kind.    For  example, 
in  the  steam  engine,  the  pressure  of  the 
steam  in  the  cylinder  causes  the  piston  to 
move  in  a  straight  line ;  the  piston  is  pro- 
vided with  a  rigidly  attached  piston  rod,  the 
end  of  which  is  connected  to  one  end  of  a 
link  called  a  conmctrng-rod ;  this  rod,  at  its 
other  end,  is  attached  to  the  end  of  a  lever 
called  a  crank,  the  other  end  of  which  is 
fixed  to  a  cylindrical  shaft.    As  every  one 
knows,  the  straight-line  motion  of  the  pis- 
ton, acting  through  this  combination  of  link 
and  lever,  causes  the  shaft  to  rotate  upon 
its  own  center.     The  rotary  motion   thus 
obtained  is  then  transmitted  by  means  of 
shafting,  pulleys,  belting,  etc.  to  machines. 
In  the  machines  the  motion  is  either  retained 
as  circular  or  again  changed  into  some  other 
kind,  according  to  the  nature  of  the  work  to 
be  done ;  for  instance,  in  a  lathe,  part  of  it 
is  retained  as  rotary  motion,  causing  the 
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piece  to  be  operated  on  to  rotate,  sad  part  is      and   the   boU-and-roller ;   these    are   repre- 
converted  back  into  straight-line   motion,      seated  diagnunmatically  ii  ~ 


ouming  the  saddle  to  slide  along  the 
bed  ;  in  a  planer,  it  is  all  reconverted 
into  Btraight-line  motion,  caoaiDg  the 
platen  to  travel  backward  and  for- 
ward, and  the  cutting  tool  to  be  fed 
in  a  straight  line  acroee  the  work  ;  in 
a  buzz-saw,  the  only  change  ie  one  of 
velocity  ;  in  a  locomo- 
tive, it  ia  all  changed 
back  to  a  p  p  r  o  X  i  • 
mat  el  J  straight-line 
motion  by  the  contact 
lA  the  driving  wheels 
with  the  rails. 

Now,  it  is  very  evi- 
dent that  a  piston  can- 
not slide  unless  it  has 
something  to  slide  on, 
and  that  a  shaft  can- 
not rotate  unless  it  has 

something  to  rotate  on ;  ^ 

everything,  whether 
moving  or  at  a  etandatill,  has  to 
rest  on  something — has  to  be  «i^ 
ported;  it  is  equally  evident  that 
all  moving  parte  have  also  to  be  . 
guided.  In  machinery,  a  aupport- 
ing  goide — that  is,  a  support  that 
guides  a  moving  part — is  called  a 

A  bearing  for  a  rotating  shaft 
haatodo  more,  then,  than  simply 
support  the  shaft ;  it  must  guide 
it ;  bnt  in  machinery  it  must  do 
more  than  this  :  it  mnst  guide  it 
potiHvdy — with  preeiaon — yet  at 
the  same  time  leave  it  free  to 
rotate.  A  perfect  bearing,  then, 
would  be  one  that,  while  support- 
ing a  shaft,  guides  it  positively 
without  offering  any  resistance  to 
rotation  ;  such  a  bearing  is  impos- 
sible, every  bearing  offering  more  ^ 
or  leas  fictional  resistance  to 
the  rotation  of  the  shaft  that  it 
sapports. 

There  are,  in  the  main,  two 
ways  in  which  a  rotatjng  shaft  , 
can  be  supp<»ted  —  lengthways 
and  on  end  ;  and  thus  there  are  ' 
two  main  kinds  of  rotation  bear- 
ings—^oumaj  and  end;  of  each  of 
these  there  are  several  kinds  and 
an   endless  number  of  possible  p 

designs.     The  prindpal  journal 
bearings  now  in  common  use  are  the  plain 
cyHadTwd,  the  wheel,  the   roUfr,  the    boU, 


0 


In  the  plain  cylindrical  bearing  oi 
Pig.  1,  the  resistance  to  rotation  is 
due  to  direct  sliding  friction  between 
the  surface  of  the  shaft  s  and  the  sur- 
face of  the  bearing  b  ;  in  the  wheel 
bearing  of  Fig.  2  it  is  due  to  sliding 
I.  friction  between  tbe  smaller  shafts  a,  a 
and  tbe  cylindrical 
bearings  6,  b  ;  (it  is 
customary,  when  con- 
sidering the  frictioual 
resistance  of  the  wheel 
bearing,  to  n^lect  the 
infinitesimal  amount 
of  resistance  due  to 
the  rolling  friction 
between  the  sbaft  t 
and  the  wheels. ) 

In  order  to  compare 

these  two  bearings, 

„  let  us  take  the  case 

of  a  shaft  3  inches  in 

diameter,  rotating  under  a  load 

of  5,000  pounds.    Aesoming  the 

coefficient  of  sliding  friction  to  be 

.08,  it  is   evident  that,  during 

one  revolution  of  the   shaft  in 

Pig.  1,  the  amount  of  woi^  done 

in  overcoming  frictional  resistance 

is  equal  to 

5,OOOX.08X3X3.141« 
g  =  3,770  in. -lb. 

During  one  revolution  of  the 
shaft  in  Fig.  2,  it  is  plain  that 
each  of  the  12-inch  wheels  makes 
one-fourth  of  a  revolution,  so 
that,  withtheehaftdiametersand 
the  pressures  of  3,000  pounds  due 
to  the  load  of  5,000  pounds,  the 
work  done  in  overcoming  fric- 
tional resistances  during  one  revo- 
lution of  shaft  I  is  equal  to 
^  2  X  3,000  X  .08  X  2  X  3- 1416 

4 
=  754  in. -lb. 
This  ia  Just  one-fifth  ot  what 
it  is  with  the  plain  cylindrical 
bearing. 

So  far  AS  resistance  to  rotation  is 
concerned,  then,  the  wheel  bear- 
ing has  a  decided  advantage  over 
the  cylindrical ;  yet  it  is  very 
little  used  in  machinery,  for  tbe 
5  very  good  reason  that  although 

it  supports  tbe  shaft,  it  is  not  a 
positive  guide — does  not  hold  it  securely  in 
position — and  is  only  at  all  suitable  where 
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the  load  is  always  downwards,  ae,  for 
instance,  for  supporting  a  grindstone  that  is 
driven  hj  {oat-  or  hand-power,  or  as  an 
auxiliar]'  support  for  a  long  abaft,  such  as 
the  ttaveraing  shaft  of  an  overhead  hand 
traveling  crane. 

In  the   bearing   shown  in  Fig.  3,  small 
rollers  are  introduced  betweon  the  shaft  and 


the  bearing.  Everybody  is  more  or  lees 
familiar  with  the  principle  involved,  having 
seen  rollers  similarly  used  for  facUitating  the 
moving  of  heavy  loads  along  the  highway, 
or  when  moving  a  heavy  safe  from  one  room 
to  another ;  and  every  one  knows  that  the 
rollers  have  a  tendency  to  crush  into  what 
they  are  rolling  on.  Theoretically,  a  roller 
between  a  shaft  and  a  bearing  is  in  contact 
along  two  linee  only  ;  but,  actually,  the 
roller  is  slightly  flattened  along  these  lines, 
and  to  a  slight  extent  it  sinks  into  the  shaft 
and  bearing ;  Fig.  6  makee  clear  what  this 
means.  Coustant  rolling  under  these  condi- 
tions causes  wear,  though  the  amount  can  be 
and  is  made  very  small  by  lining  the  bear- 
ing with  a  hardened-steel  bushing.  Again, 
there  are  mechanical  difficulties  connected 
with  this  kind  of  hearing  ;  therollershave  to 
bekept  inlinewith  theaiiaof  the  shaft,  and, 
therefore,  have  either  themselves  to  be  sup- 
ported on  small  end  bearings  in  a  carrier  ring 
at  each  end  or  else  separated  and  held  in  line 


by  means  of  a  cage,  as  ehown  in  Fig.  3. 
Such  a  bearing  is  suitable,  then,  only  where 
a  little  play  in  every  direction  does  no  harm, 
because,  owing  to  the  small  areas  in  contact, 
wear  is  rapid,  and  then  it  does  not  maintain 
the  position  of  the  shaft  with  precision — is 
not  a  positive  guide. 

And  now  we  come  to  the  ball  bearing.  In 
this,  instead  of  rollers,  perfect  spheres  of 
hardened  steel  are  introduced  between  the 
shaft  and  the  bearing,  suitable  grooves  tveing 


provided  for  them  to  roll  in,  as  shown  in 
Fig.  S.    The  advantage  of  the  ball  bearing 
over  the  roller  is  that,  whereas  the  rollen 
have  to  be  held  in  line  with  the  axis  of 
the  shaft,  the  ImJIs  can  be  left  free  to  tnm 
over  in  any  direction  without  affecting  either 
the  position  of  the  shaft  or  the  resistance  (o 
rotation,  so  that  tbey  need  not  be  carried  in 
a  cage  or  supported  in  any  other  way  than 
by  the  grooves  in  which  they  roll.    Such  a 
bearing,  however,  is  far  from  being  a  positive 
guide,  for  the  bearing  areas  are  but  slightly 
flattened  pomtt,  and  wear  is  rapid ;    here, 
again,    however,    the   amount   of  wear  is 
reduced  to  a  minimum  by  making  the  balls 
and  the  grooved  surfaces  of  hardened  steeL 
There  is  another  thing  that  must  be  noticed 
about  the  ball  tvearing :  Though  the  rotation 
of  the  shaft  caosee  all  the  balls  to  rotate 
around  the  shaft  in  the  same  direction,  the 
rear  surface  of  every  ball  movee  in  ail  opposite 
direction  to  the  front  surface  of  the  hall 
behind  it ;  and  thus  there  is  sliding  Motion 
between  every  ball  and  the  two  that  it  is 
between.  Again,  if  one 
of  the  balls  is  slightly 
larger  than  the  rest, 
either  wben  the  bear- 
ing is    new    or   after 
being  in  use  for  some 
time,  and  due  then  to 
uneven    wear,    this 
friction    between  the 
halts    may    he    quite  p,q.  g. 

severe,  because  the 

larger  hall  will  want  to  travel  around  the 
bearing  faster  than  the  rest,  and  will  there- 
fore crowd  the  others  together. 

To  help  the  reader  to  fully  appredate  the 
significance  of  this  friction  between  the  balls, 
we  show  in  Fig.  7  part  of  a  bowling-alley 
ballway,  down  which  the  halls  are  retnmed 
to  the  trawlers.  It  is  easy  enough  for  one 
of  these  balls  to  roll  down  hill  by  iteelf,  bat 
things  go  much  lees  merrily  when  several 
of  the  balls  come  in  contact.  Of  the 
three  shown  touching  in  Fig.  7  it  will  be 
seen  that  the  middle  ball  has  two  others  to 
rub  and  grind  against,  the  result  being  that 
these  three  soon  come  to  a  standstill,  while 
the  loose  ball  shoots  ahead  and  races  home. 

A  practical  way  to  prevent  this  grinding 
action  is  to  place  a  small  roller,  on  bearings, 
between  every  two  adjacent  balls,  and  this 
has  been  done  lately  by  a  Mr.  Burwell,  of 
Cleveland  bicycle  fame,  the  result  being  the 
ball-and -roller  bearing  shown  diagrammatic- 
ally  in  Fig.  o  ;  the  actual  construction  of 
Mr.  Burwell's  bearing  is  shown  in  Fig.  9. 
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In  thie,  the  surface  motion  of  the  balls  and 
rollers  is   continuous,  and    practic&Uy  the 
onlj  sliding  friction  is  that  due  to  the  very 
Blow  and   Blight  rubbing  of  the  tiny  pins 
upon  which  the  roUwB  are  carried.    So  far 
as  it  is  mechanically  possible  to  make  it, 
then,  this  bear- 
ing is  Mction- 
lees.  But  here, 
agun,  it  is  not 
a  positiTe 

It  is  inter- 
estii%  to  note 
I  how  the  three 
forms  of  bear- 
ings—cylin- 
drical, roller, 
and  ball-com- 
*"■  pareaaregBrds 

strength  and  durability.  Experiments  made 
in  France  some  years  ago  show  that,  taking  the 
crushing  strength  of  a  1-inch  cabeaBlOO(not 
100 pounds,  but  simply  100),  the  strength  of 
a  cylinder  1  inch  in  diameter  and  1  inch 
long,  while  resting  on  its  side,  as  at  b  in 
Yig.  10,  is  32,  and  th&t  of  a  1-inch  sphere 
(c.  Fig.  10)  is  26.  It  is  evident,  therefore, 
that  the  plain  cylindrical  bearing  (analogous 
in  strength  to  Uie  cnbe)  has  a  great  advan- 
tage as  resarda  strength ;  and,  as  regards 
durability,  it  has  a  still  greater  advantage, 
for  in  it  the  surfaces  in  contact  may  be  made 
IS  lai^  as  desired  and  the  pressure  can  be 
evenly  distributed,  whereas  with  the  roller 
and  the  ball  bearing  the  contact  surfaces  are 
little  more  than  lines  and  points  respectively, 
the  pressure  being  therefore  concentrated, 
and  the  resulting  wear  npid  where  the 
precBuree  are  heavy. 

From  the  forgoing  the  reader  must  not 
[mderstand  that  roller  and  ball  bearings  are 
no  use  mechanically ;  on  the  contrary,  they 


have  an  ever-growing  field  of  usefHilness ;  but 
if  he  is  interested  in  the  subject  he  will  do 
iFell  to  ponder  over  the  peculiarities  of  the 
bearings  described  here.  We  have  said 
nothing  about  lubrication,  resistance  to 
shocks,  distribution  of  pressure,  and  so  on, 
the  writer's  one  object  having  been  to  point 
oat  the  purely  mechanical  features  of  the 


most  common  types.  Economy  of  power  ia 
of  as  much  importance  in  a  locomotive  as  in 
a  bicycle,  but  in  the  former,  alwolute security 
from  all  possible  chances  of  breakdown  is  of 
paramount  importance,  and  even  if  other 
things  did  sot  stand  in  the  way,  the  tremend- 
ous streeaes  and  strains  on  the  parts  of  the 
locomotive  make  it  unsafe  to  use  any  but 
plain  bearings.  But  the  other  forms  have 
theu-  fields'  of  usefiilnees  \  tot  instance,  the 
hanger-box  roller  bearing  of  Fig,  11  (one  of 
the  many  forms  made  by  The  Ball  Bearing 
Company,  of  Boston)  is  in  every  way  suit- 
able for  line  sbatting,  reduces  friction,  and 
is  a  valuable  power  economizer.  It  will  be 
noticed  that  in  this  bearing  the  rollers  are 
divided  into  short  independent  lengths ;  it 
has  been  found  that  this  gives  greater  free- 
dom. One  of  the  most  succeeeful  roller  bear- 
ings is  that  in  which  each  roller  is  made  of  a 
steel  ribbon  close  coiled,  like  a  helical  spring, 
and  thus  flexible  from  end  to  end  ;  this  is 
made  by  the  Hyatt  Boiler  Bearing  Co.,  of 
Harrison,  N.  J.  Other  forma  are  suitable  for 
the  axles  of  vehicles,  especially  of  automo- 
biles, and  are  now  being  much  used,  and  in 
a  large  variety  of  machines  and  mechanical 


appliances,  among  which  may  be  mentioned 
textile  machinery,  elevators,  trucks,  harvest- 
ing machinery,  windmills,  &na,  blowers, 
cream  separators,  and  rope  and  paper  ma- 
chinery. In  all  these,  sa  in  the  bicycle,  the 
chief  object  is  to  reduce  frictional  resistance ; 
pressures  on  the  bearings  are  comparatively 
light  and  a  small  amount  of  play  does  no 
harm  ;  that  is,  there  is  no  call  for  movements 
of  absolute  exactness.  But  in  machine  tools, 
engines,  and  all  maclilnery  of  precision, 
where  quality  depends  on  Che  accuracy  with 
which  the  parts  move,  it  is  absolutely  neces- 
sary that  all  rotating  shafts  be  positively 
guided  with  as  little  play  as  will  still  admit 
of  free  rotation ;  in  other  words,  the  bearing 
must  maintain  the  position  of  the  shaft,  no 
matter  at  what  speed  the  shaft  is  rotating  or 
in  what  direction  heavy  forces  act  upon  it ; 
thus,  in  these  machines,  the  plain  cylin- 
drical bearing,  or  some  slight  modification  of 
it,  such  as  the  conical  bearing,  is  used  to  the 
practical  exclusion  of  all  other  kinds. 
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The  Engineering  Trinity — Something  Drawings  Are  Not  Expected  to  Tell — ^Threb 

Kinds  of  Fits  in  Engine  Work. 


THERE  are  three  daases  of  men  engaged 
in  steam-engineering  practice — design- 
ers, builders,  and  runners.  Let  us 
call  them,  for  convenience,  D,  M,  and  R. 

D  creates  the  machine— on  paper;  M 
(suggesting  machinist)  builds  it  and  keeps  it 
in  repair  afterwards ;  R  attends  to  it  while 
running.  The  more  of  M'  s  knowledge  D  has, 
the  better.  R  is  not  really  required  to  have, 
and  generally  hasn't,  any  of  either  D's  or 
M's  knowledge.  In  engineering  works,  where 
machinists  abound,  R  is  not  much  more  than 
a  helper ;  he  gets  rather  higher  wages  than 
the  latter,  and  is  rated  on  the  books  as 
*^  engine-tender'' —  one  who  tends,  or  looks 
after,  an  engine.  In  a  big  power  station  the 
engineer  in  charge  is  a  man  of  M's  caliber, 
and  a  little  more  besides.  He  has  ordinary 
engine-tenders  under  him ;  also,  men  who 
look  after  the  boilers  and  keep  up  the  steam 
supply.  The  locomotive  engineer,  or  runner, 
is  on  a  higher  plane  than  the  man  who 
merely  runs  or  tends  a  stationary  engine. 
This  is  more  particularly  so  in  this  country. 
In  Europe  the  engine  driver  (as  he  is  called 
there)  is  not  expected  to  have  any  mechanical 
skill,  it  being  a  generally  accepted  maxim  that 
he  is  better  without  it.  Be  that  as  it  may, 
it  is  agreed  over  there  that  a  machinist  never 
makes  a  good  driver,  there  being  only  one 
English  road  so  fieir  as  we  know,  that  is  an 
exception  to  this,  and  on  that  road  they 
favor  the  mechanic's  applying  for  a  driver's 
job.  The  layman  might  think  that  a  man 
who  could  design,  build,  and  keep  a  locomo- 
tive in  repair  could  run  it  to  the  best  advan- 
tage. Such,  however,  is  not  the  general 
opinion,  based  largely  on  experience. 

In  marine  work  the  engineer  is  on  a  still 
higher  plane  than  the  loco'  runner.  He  is 
both  M  and  R  and  often  D  too,  more  or  less. 
At  least  this  is  so  in  British  ships,  for  he 
must  have  served  at  least  three  years  as 
machinist  in  marine  shops,  and  one  year  in 
the  engine  room  at  sea,  before  getting  the 
lowest  grade  of  certificate.  He  has  under 
him  stokers  to  keep  the  steam  up,  and 
greasers  to  attend  to  the  engines  in  the  way 
of  oiling,  packing  glands,  etc.  Here  there  is 
very  little  opening  or  shutting  of  the  throttle 


or  reversing  to  do — which  in  some  people's 
minds  constitutes  engine  driving ;  as  a  matter 
of  fact,  boats  often  run  a  couple  of  weeks 
without  the  throttle  being  doeed.  The 
marine  engineer,  that  is  the  marine  engine 
runner,  is  an  engineer,  in  a  much  truer  sense 
of  the  word  than  one  who  merely  watches 
the  wheels  go  around, 

Now,  as  just  remarked,  D  may  not  know 
much  of  M's  end  of  the  business ;  generally 
he  doesn't,  and  M  perhaps  knows  nothing  at 
all  of  D's.  To  illustrate :  just  examine  a  set 
of  engine  drawings,  say,  for  a  locomotive. 
You  will  find : 

1.  The  holes  for  the  cylinder  bolts,  horn- 
block  bolts,  stretcher  bolts,  and,  in  &ct, 
fiume  bolts  generally,  marked,  let  us  say,  V^ 
in  diameter.  Turning  to  the  bolt  drawing, 
those  for  the  above  holes  will  be  also  marked 
V^  in  diameter. 

2.  The  driving  box  may  be  marked  11^^ 
wide  where  it  goes  in  between  the  pedestals, 
and  if  the  latter  were  one  casting,  forming 
the  horn  block  of  European  practice,  it 
would  also  be  marked  11^^.  Where  shoes 
and  wedges  are  used,  the  dimensioning  is 
virtually  the  same. 

3.  The  croeshead  wings  are  marked,  say, 
Sy^  deep,  and  a  reference  to  other  drawings 
shows  the  guide  blocks  (for  cylinder  and 
guide  yoke)  to  be  sy^  also.  Again,  the 
main  crankpin  is  marked  6^^  in  diameter, 
and  the  main-rod  drawing  calls  for  a  bore  of 
C^^  also;  likewise,  the  rocker-pin  may  be 
marked  If'^  in  diameter,  and  the  rocker- 
arm  the  same. 

Now,  if  the  drawings  were  &ithfully  fol- 
lowed out,  and  all  parts  put  up  exactly  to 
dimensions — that  is,  to  gauge  size — ^the  fit 
would  be  too  slack  in  some  places  and  too 
tight  in  others.  In  fact,  a  different  fit  is 
called  for  in  every  one  of  the  above  three 
cases.  This,  however,  unless  we  except 
case  (1),  does  not  trouble  the  designer ;  it  is 
here  that  the  machinist's  special  knowledge 
cornea  into  play.  It  is  his  business  to  know 
the  kind  of  fit  demanded  in  each  case.  Per- 
sonally, we  have  always,  under  head  (1), 
specified  a  "driving  fit"  where  holes  are  to 
be  rose-bitted  in  place   and   turned  bolts 
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driyen  in.  Where  shop  practice  permitted, 
a  '*  reamed  driving  fit  '*  wascaUed  for,  which 
is  better  still.  Something  more  than  a  really 
good  fit  being  required  in  sach  instances  as 
case  (1),  the  drawing  should  be  duly  noted ; 
otherwise,  the  machinist  might,  in  some 
foremen's  estimation,  have  a  hole  to  crawl 
out  of.  In  (2)  and  (3),  however,  we  never 
specify  anything  as  to  the  fit  or  nature  of 
the  bearing.  The  erector  can  only  do  the 
job  one  way — the  right  way — that  is,  if  he 
knows  his  business.  If  he  gets  (2)  too  slack 
or  (3)  too  tight,  it  simply  shows  he  is  not  up 
to  his  work.  (He  cannot,  of  course,  fall 
back  on  the  drawing,  as  incase  (1),  for  such 
information  is  not  supposed  to  be  there 
given. )  In  fitting  the  parts  up,  there  will 
be  more  or  less  filing  and  scraping  to  do, 
according  to  how  close  the  machine  hand 
has  worked  ;  in  the  case  of  the  rocker  and 
other  motion  pins,  the  man  who  laps  them 
in  after  hardening  has  the  'Mast  word." 
Many  shops  have  a  ''ganger,''  through 
whoee  hands  all  parts  go  after  leaving  the 
machines,  and  anything  not  up  to  gauge  is 
rejected. 

The  machinist,  then,  is  concerned  with 
three  kinds  of  fits — driving,  sliding,  and 
running,  although  none,  except  the  first,  is 
specified  on  the  drawing.  In  some  shops 
dealing  with  small  work  (bicycles,  motor 
cars,  etc.),  where  all  hand  work  is  reduced 
to  a  minimuiti,  the  nature  of  the  fit  is  speci- 
fied. Each  part  is  numbered  on  the  draw- 
ing, both  assembly  and  detail  drawing,  and 
the  various  i)arts  noted  thus:  "To  be  a 
driving  fit  in  6,"  or  "A  sliding  fit  on  11," 
or  ''A  running  fit  on  15."  The  parts  are 
dimensioned  to  the  actual  required  size,  a 
diflTerence  of  about  three  thousandths  of  an 
inch,  according  to  the  fit,  nature  of  piece, 
etc. ,  being  noted.  The  machine  hand  works 
to  this — ^with  micrometers,  of  course — and 
the  pieces  are  put  together  with  practically 
no  work  on  the  bench.  Returning  now  to 
ordinary  engine  work,  something  further 
will  be  said  as  to  these  difierent  fits. 

Driving  Fit. — As  stated,  a  cylinder  bolt 
hole  should  be  reamed  out  after  drilling, 
and  a  bolt  of  exactly  the  same  taper  driven 
in  ;  this  constitutes  a  driving  fit.  We  may 
have,  further,  light  driving  fitSj  ae,  for 
instance,  the  bolts  in  main-rod  strap.  These 
are  often,  it  is  true,  made  a  parallel  fit, 
but  that  is  a  very  slovenly  practice.  They 
should  be  tapered  1  in  96,  that  is,  i  inch  per 
foot,  and  made  to  drive  down  lightly — an 
altogether  easier  fit,  in  fact,  than  cylinder 


and  similar  frame  bolts.  If  they  wear  slack, 
they  can  be  eased  off"  under  the  head  and 
then  driven  home  to  a  fit  again ;  this  can't 
be  done  with  a  parallel  fit,  of  course. 

Sliding  FU. — ^An  example  of  this  may  be 
seen  in  the  fit  of  the  driving  box  in  its  pedes- 
tals. By  the  way,  the  following  question 
is  often  asked  in  technical  journals:  How 
much  play  do  you  give  between  the  boxes 
and  shoes?  the  answer  varying  between 
jijf  and  ^  for  the  total  play  on  the  two 
sides.  Now,  as  a  matter  of  fkct,  you  don't 
give  these  things  any  play  at  all.  If  it  is  a 
case  of  repairs,  file  up  the  jaws  until  they 
are  square  with  the  engine,  leaving  them  a 
shade  smaller  at  the  lower  end.  Take  your 
size  from  the  center  of  depth  and  plane  the 
box  a  shade  full ;  then  try  up,  using  a  block 
as  fulcrum  and  a  long  wooden  lever  to  pry 
the  box  up  with,  pinching  her  down  again 
by  "levering"  between  box  and  frame. 
Having  got  a  good  bearing  (and  here  is  a 
case  where  you  want  all  the  bearing  you 
can  get,  especially  when  there  are  no  adjusta- 
ble wedges),  you  ease  the  box  until  it  will 
just  fall  down  of  its  own  weight,  with  frame 
stay  or  thimble  bolted  up  in  place.  You  let 
it  go  at  that.  Now,  if  the  box  ( with  brass 
and  cellar  in)  will  only  just  drop  down  of  its 
own  weight,  you  evidently  have  not  got  any 
play — not  even  xiv^^J — there  is  less  than  .no 
play,  in  fact,  for  the  boxes  will  caliper  more 
than  the  jaws  before  being  forced  up ;  the 
btter  have  to  spring  out  to  take  it.  This 
may  be  called  a  sliding  fit.  Another  exam- 
ple is  the  fit  of  a  feather  key,  such  as  is  used 
in  shafting  where  gears  travel  along  it  or 
where  friction  clutches  are  used.  These, 
however,  are  made  rather  an  easier  fit  than 
the  one  just  mentioned. 

Running  FU, — Consider  the  fit  of  the  cross- 
head  between  the  guides.  Here  there  is 
play — how  much,  the  erector  would  not  be 
able  to  tell  you  if  you  asked  him.  He 
simply  fits  up  the  crosshead  so  that,  when 
the  guides  are  bolted  down  at  each  end,  the 
crosshead,  properly  oiled,  will  move  freely  to 
and  fro  by  hand.  This  is  tried  over,  of 
course,  before  the  piston  rod  is  coupled  up, 
or  before  the  piston  head  is  put  on,  where 
the  piston  rod  and  crosshead  are  solid.  The 
amount  of  play  in  this  case  is  about  yiff^^i 
and  such  a  fit  is  called  a  running  fit.  Piston 
rings  are  also  another  instance  of  a  running 
fit ;  they  move  freely  in  their  grooves,  just 
sufficiently  so  as  not  to  bind,  a  play  of  about 
three  thousandths  of  an  inch  being  enough 
to  prevent  this. 


{To be  Continued.) 
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Wbat  Was  Leabked  From  x\m: 


'allsr  Bay«s. 

IB  Grbat  Ahbrican  Pencil  Factory— 


B  LsADe — Making  thb  Pencils — Choice  oi 


A  FEW  montha  ago,  aa  I  was  making  a 
note  in  ray  pocketbook,  it  suddenly 
occurred  to  me  that  the  pencil  with 
which  I  waa  writii^  waa  more  or  leaa  of  a 
mystery  to  me.    And  I  began  to  think  how 


so,  I  think.    The  leads   are  in    reality  » 
mixture  of  graphite  and  day. 

Graphite  (which  word  is  derived  throogb 
the  French  from  the  Greek  word  yp<^"; 
graphein,  "to  write")  ia  a  natjve  minenil 


B  CKtXR   Loos  II 


I  would  have  to  know  more,  but  that  is  out 
of  my  line,  and  probably  out  ot  the  reader's 

One  of  the  first  thii^  that  waa  told  me 
by  the  gentleman  who  showed  me  around 
the  fectory  waa,  "Of  course  you  know  there 
ie  no  Itad  in  a  lead  pencil!"  Well,  as  it 
happened,  I  did  know  this.  The  fact  ia,  the 
name  lead  pencil  is  a  misnomer ;  still,  custom 
haa  made  it  correct — rather  unfortunately 


form  of  carbon,  of  black  color  and  brilliant 
metallic  luster ;  a  few  piecee  are  shown  to 
the  left  in  Fig.  1.  To  the  touch  it  feels 
smooth,  somewhat  like  soapetone,  breaks  in 
a  flaky  manner  under  a  very  light  blow, 
and  is  so  soft  that  it  will  leave  a  trace  on 
paper.  Another  name  for  it  is  plumiojo, 
and  still  another,  black  lead,  a  misnomer 
from  which,  of  conrae,  we  get  the  name 
lead  pencil.    Graphite  is  foond  in  the  oldest 
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Tock  formatione,  and  depoflita  occur  in  vari- 
ous parta  of  the  world,  the  most  famous 
being  those  at  Altai,  in  Biberia,  and  atTicon- 
deroga,  N.  Y.,  in  this  country.  The  latter 
depoeita  ar«  owned  and  operated  by  The 
Joeeph  Dixon  Cracible  Co.,  who,  at  the 
outlet  of  Lake  George  into  l^ake  Cham- 
plain,  have  a  mill  ninety  feet  square  and 
Biz  Btoriea  high  for  the  perfecting  of  the 
graphite. 

Formerly,  in  the  manufacture  of  penclU, 
the  rough  slabs  of  the  mineral  graphite 
were  first  planed  smooth,  and  then  cut  into 
stripe  by  long  thin  blades  set  together  like 
the  blades  of  a  gwig-saw.  These  strips  were 
then  cat  crosswise  into  the  length  of  a 
pencil,  in  which  form  they  looked  like  tiny 
iron  bars.  One  of  these  pieces  was  then 
insertecl  in  a  groove  channeled  in  a  piece  of 
wood,  another  piece  of  wood  being  glued  to  it 
and  the  pencil  thus  completed.    This  process 


easily  he  cut  with  a  pocket  knife,  the  shaved 
Burfiice  being  remarkably  smooth  and  silky, 
but  the  chips  pulverizing  under  the  light- 
est touch.  When  the  mixing  of  the 
graphite  and  clay,  which  is  done  entirely  by 
machinery,  is  completed,  the  mass  is  run 
through  filter  presses  in  a  way  to  exclude 
the  greater  part  of  the  water,  and  is  thus 
reduced  to  a  doughy  consistency.  And 
now,  in  older  to  make  the  mixing  still  more 
thorough,  this  doughy  mass  ie  passed  through 
perforated  plates,  or  diet,  as  they  are  called  ; 
this  is  done  under  great  pressure,  and  the 
"leads"  issue  in  tiny  rods,  or  wires,  in 
general  appearance  not  unlike  those  that 
are  put  in  the  pencils,  but  instead  of  being 
dry  and  brittle,  they  are  soft  and  pliable. 
This  treatment  of  passing  through  dies  is 
repeated  over  and  over  again,  through 
smaller  and  smaller  perforations,  until  tests 
show  that  the  mixing  is  complete  ;  then  the 


Flo.  1.— Bai 


Mate 


of  using  graphite  in  its  native  stat«  has 
long  since  been  superseded  by  methods  that 
enable  the  manufiwHuier  not  only  to  cheapen 
the  cost  and  improve  the  quality,  but  also 
to  r^nlate  the  product  and  give  it  the  exact 
degree  of  hardness  or  fineness  of  grade 
desired. 

The  graphite  is  first  reduced  to  an  impal- 
pable powder  by  grinding ;  then  water  is 
added,  and  then,  in  the  liquid  state,  it  is 
passed  through  mixers.  Here  it  is  com- 
bined with  whatever  quantity  of  clay  may 
be  necessary  to  give  it  the  desired  grade. 
The  more  clay,  the  harder  the  lead,  and 
vice  versa. 

A  word  here  about  the  clay.  I  carried 
awa.y  a  few  lumps  of  the  dry  article,  which 
are  shown  to  the  right  in  Fig.  1.  The  com- 
poeitiOD  of  this  clay  is  the  result  of  years  of 
experimentation,  and  is  a  profound  eocret. 
In   color   it  is  a  pale  drabbiah  gray,  can 


material  is  passed  through  dies  of  the  exact 
diameter  of  tbe  lead  that  is  to  go  into  the 
pencil ;  as  the  pliable  leads  escape  from 
these  final  dies,  deft  fingers  take  them, 
straighten  them  out,  and  cut  them  to 
lengths  of  about  three  feet.  The  leads  are 
now  allowed  to  dry,  after  which  they  are 
cut  to  the  required  pencil  lengths,  packed 
in  crucibles,  and  burned  for  several  hours, 
in  order  to  extract  every  trace  of  moisture, 
and  to  bring  the  lead  to  its  final  condition, 
ready  for  inserting  in  the  wooden  case.  The 
crucible  used  in  the  above  process  may  be 
described  as  a  rectangular  box  of  such 
length  as  to  comfortably  accommodate  the 
leads ;  it  is  fitted  with  a  lid,  and,  after  all 
has  been  made  cnug,  is  put  into  a  furnace 
and  brought  to  an  extreme  heat,  and  main- 
tained there  for  a  considerable  time ;  then 
the  crucible  is  lifted  out,  and,  without  the 
lid  being  touched,  is  allowed  to  cool. 
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And  DOW  a  word  or  two  about  cedar 
wood,  the  companion  product  of  thia  pencil 
graphite.  Cedar  is  a  name  given  to  several 
evei^reen  trees  of  the  pine  family  ;  the 
wood  is  remarkable  for  its  durability  and 
fragrant  odor.  It  is  superior  to  any  other 
wood  for  pencil  making,  because  of  the 
cloeeuees  of  ite  grain  combined  with  the 
peculiar  softness  which  makes  it  cut  almost 
like  cheese.  The  cedar  need  in  this  cotmtrj 
is  that  which  grows  in  Florida,  the  common 
t«d  c«dar  with  shreddy  bark  and  aromatic 
heart- wood.  The  wood  is  shipped  from 
Florida  in  small  slabs,  a  little  longer  than  a 
pencil,  a  little  wider  than  four  or  six  pencils 
placed  side  by  side,  and  of  proper  thickness. 
Notwithstanding  the  tsuA  that  these  slabs 
are  carefttlly  asstoted  where  milled  out,  the 


at  6  ;  the  leads  are  now  laid  in  the  grooves 
of  one  of  these  slabs,  and  another  slab, 
similarly  planed  and  grooved,  is  spread 
with  glue  and  laid  ufon  it ;  the  two  thus 
put  together,  as  shown  at  e,  are  then 
placed  in  a  press.  When  perfectly  dry, 
theee  are  taken  out  of  the  press,  and  passed 
twice  under  a  grooved  rotary  cutter,  first 
on  one  side,  producing  what  is  shown  at 
d,  then  on  the  other,  which  separates  the 
pencils.  The  individual  pencils  are  now 
passed  through  still  other  machines,  in  which 
they  are  polished,  varnished,  and  stamped, 
and  put  in  cases,  ready  for  delivery  to  the 
wholesale  and  the  retail  trade. 

Before  leaving  the  fectory,  1  was  pre- 
sented with  the  bunch  of  pencils  shown  in 
Fig.  3.    Of  these  no  two  are  alike  either  in 
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first  treatment  they  receive  when  they  reach 
the  factory  is  careful  selection  as  to  grade. 
Before  using,  the  wood  is  thoroughly  sea- 
soned, and,  if  it  is  to  be  colored  for  some 
special  grade  of  pencil,  it  is  also  dyed. 

If  the  reader  will  here  take  hie  pencil 
from  his  pocket  and  examine  it  critically, 
he  will  find  that  the  cedar  case  is  made  in 
halves,  each  half  being  equally  channeled, 
so  that  the  line  of  junction  comes  agunst 
the  center  of  the  lead.  The  mechanical  pro- 
cesses by  which  the  pencil  is  made  ore 
shown  in  Fig.  2.  At  a  we  have  the  slab 
of  cedar  wood  as  it  leaves  the  mills  in 
Florida ;  in  the  first  process,  this  is  passed 
under  a  rotary  cutter,  which  planes  the 
snr&ce  perfectly  fiat  and  smooth,  and  at  the 
some  time  grooves  it  to  receive  six  leads,  as 


IKUFACTCRE  OF  A   LEAD  PENCIL. 

grade  or  siee.  There  are  thick  and  there 
are  thin  pencils,  long  and  short  pencils, 
round  pencils,  hexagonal,  triangular,  flat, 
oval,  tapered,  and  parallel  pencils,  as  well 
as  odd  shapes ;  and  there  is  one  of  solid 
graphite,  short  and  thick,  called  a  "  Inmber 
pencil,"  having  no  other  covering  than  a 
coat  of  varnish.  I  was  particularly  stmck 
by  the  great  variety  of  rubber  ends ;  some 
of  theee  con  be  seen  in  the  illustration. 

Irrespective,  however,  of  the  shape,  size, 
color,  or  finish  of  a  pencil,  is  the  grade  or 
hardness  of  the  lead  which  it  carries.  The 
grades  are  indicated  by  the  letters  that 
appear  on  the  pencils  in  connection  -with 
the  stamp,  and  which  to  many  are  at  first 
sight  mysterious.  Of  the  ordinary  pencil 
there  are  eight  grades,  the  softest  of  ivhich 


LEAD  PENCILS. 


ia    marked   S,    meaning    to/t    (for    heavy 
shading);   then,  following  in  order,  are  SB, 
»oft    black     (for    heavy   shading);    SM,   lofi 
medium  {pKicliet    and   office);    MB,  mtdium 
Uaek  (pocket  and  raecbanital);  M,  mtdium 
(memorandnm  books);  MH,    mtdium  hard 
{drawing  claBses);  H,  hard  (ledgers  and  out- 
lines) ;   and  VH,  wry  hard  (finest  lines). 
Of  artists'  and  dtafts- 
men's  pencils  there 
are  eleven  grades, 
banning  with  VV8, 
rery,    very    toft,    and 
ending   with  VVH, 
r(Tj/,  very  hard. 

The  ability  to  make 
awisechoiceofgrade 
is  an  important  mat- 
ter. In  this  connec- 
tioD,beingBomewbat 
of  an  artist  myself,  I 
speak  from  experi- 
ence, having  had  the 
fact  brought  home  to 
me  on  several  occa- 
sions, Bomelimea  in 
a  rather  trying  man- 
ner, as  when  pressed 

to  make  a  sketch  of  ^ 

a  friend  with  no  more 
snitable  tools  than  a 
sheet  of  smooth 
pAperand  aVH  pen* 
dl.  Now,  in  sketch- 
ing, the  grade  of  the 
pencil  and  the  nature 
of  the  surface  of  the 
paper  are  matters  of 
the  greatest  possible 
importance.  To  illus- 
trate :  In  Fig.  4,  the 
sketch  on  the  left  was 
made  with  a  proper 

grade  of  pencil,  P 

namely  SM,  on  a 

Whatman's  sketching  pad,  the  resnit  being  a 
picture  full  of  snap,  effective  and  satisfactory 
in  every  way.  The  copy  of  it  on  the  right 
was  made  with  the  same  hand  and  on  the 
same  paper,  but  with  a  VH  pencil,  and  this 
was  the  best  that  could  be  done  with  it. 

To  return  for  a  moment  to  the  matter  of 
size  aad  shape :  this  is  of  much  greater 
importance  than  might  at  first  he  supposed. 
Newspaper  reporters  and  all  who  have  to 
make  frequent  and  prolonged  ose  of  the 
lead  pencil  find  that  it  is  a  great  rest  to  the 
hand  if  they  change  from  one  size  or  shape 
of  pencil  to  another  whenever    the  hand 


k^  y. 


jr'-   »-i<^.     mil- 


H^i 


grows  tired.  There  is  thus  good  reason  why 
difi'erent  sizes  and  shapes  are  made ;  it  is 
not  by  any  means  all  due  to  &d  or  fancy. 

Pencils  with  colored  leads  are  made  in  pre- 
cisely the  same  manner  as  already  described, 
except  that  the  leads  themselves  consist 
chiefly  of  wax  and  coloring  pigment,  and 
therefore  cannot  be  baked.  They  are,  as  it 
is  natural  to  expect, 
made  in  rooms  that 
are  absolutely  cut  off 
troia  all  connection 
with  the  graphite- 
pencil  departments, 
for  fear  of  their 
bright  tints  being 
discolored.  In  past 
years  one  of  the 
greatest  drawbacks 
with  red  and  blue 
and  other  colored 
pencUs  was  the  ten- 
dency of  the  leads 
to  break  and  crum- 
ble ;  it  was  next  to 
impossible  to  main- 
tain any  kind  of 
point;  if  graphite 
J  leads  were  brittle  and 

friable,  the  colored 
ones  were  ten  times 
worse.  All  this  is 
now  doneaway  with, 
and  the  colored  leads 
are  almost  as  strong 
and  tough  as  the 
graphite. 

I  have  already 
mentioned  the 
variety  of  rubber 
ends  attached  to 
pencils.  In  addition 
to  these.  The  Dixon 
Company  make  a 
special  combined 
robber  and  eraser,  suitable  for  carrying  in 
the  vest  pocket.  It  is  similar  in  appearance 
to  a  pencil,  but  instead  of  being  loaded  with 
graphite,  one  end  is  filled  with  pencil  rubber 
and  the  other  with  ink  eraser,  about  i  inch 
in  diameter.  As  either  end  wears  down  to 
the  wood  it  can  be  sharpened  hke  an  ordi- 
nary pencil ;  for  general  office  use,  this  is 
the  neatest  thing  I  bave  seen.  With  artists 
the  choice  of  rubber  is  an  important  matter ; 
speaking  generally,  the  softer  the  pencil,  the 
softer  the  rubber  should  be ;  and  a  rubber 
should  never  be  so  hard  as  to  injure  the 
sur&ce  of  the  paper. 
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Some  op  thb  Principles  on  Which  They  Abe  Constructed — Description  and  Explana- 
tion OF  THE  Instrument  Now  Used  on  United  States  Ships  op  War. 


THE  measuring  by  an  observer  of  his 
linear  distance  from  a  visible  object, 
which  for  some  reason  is  inaccessible 
or  temporarily  unapproachable,  has  always 
been  a  problem  of  more  or  less  complicacy  ; 
but  in  this,  as  in  many  other  ways,  human 
ingenuity  has  come  to  the  rescue,  and,  with 
the  aid  of  scientific  knowledge,  has  simpli- 
fied matters  to  a  wonderful  degree. 

Before  entering  upon  a  description  of  the 
range  finder  proper,  it  may  not  be  out  of  the 
way  to  mention  some  of  the  principles  on 
which  instruments  for  measuring  distances 
are  constructed.  Of  these  there  are  several, 
among  which  the  following  are  prominent : 

1.  The  visual  angle  subtended  by  objects 
of  known  height. 

2.  The  velocity  of  sound. 

3.  The  instrument  its  own  base  line,  and 
the  two  adjacent  angles  known. 

The  term  "  range  finder,*'  or  what  has  the 
same  meaning,  '^  distance  finder,**  is  also 
applied  to  instruments  used  to  solve  a  tri- 
angle of  which  the  base  is  obtained  by  out- 
side means.  Range  finders  constructed  on 
the  visual-angle  principle  have  been  known 
for  many  years.  Boulanger's  telemeter  (this 
word  is  derived  from  the  Greek  teUj  "far,** 
Bind  meter  J  "to  measure*')  is  constructed  on 
the  second  of  the  three  principles  mentioned 
— the  velocity  of  sound — and  is  peculiar  and 
quite  interesting.  It  consists  of  a  glass  tube 
about  6  inches  in  length,  closed  at  both  ends 


Fig.  1. 

and  filled  with  a  transparent  liquid  which 
does  not  freeze  at  any  ordinarily  low  tem- 
peratures. In  the  liquid  is  a  metallic  disk, 
free  to  sink  from  one  end  of  the  tube  to  the 
other,  and  so  adjusted  that  its  motion  will 
be  uniform  and  comparatively  slow.  The 
tube  is  enclosed  in  a  brass  case,  to  which  is 
attached  a  scale  after  the  fashion  of  that  on 
a  thermometer ;  this  scale  is  marked  for 
each  hundred  yards  up  to  4,000,  and  the 


divisions  on  it  show  the  distance  in  yards 
through  which  sound  will  travel  in  air  dar- 
ing the  time  required  for  the  disk  to  descend 
over  the  space  on  the  scale  marked  by  the 
corresponding  number  of  yards.  In  use,  the 
instrument  is  held  vertically,  or  as  nearly  so 
as  possible ;  while  in  this  position  the  disk 
slowly  sinks  toward  the  lower  end  of  the 
tube.  To  arrest  the  movement  of  the  disk 
at  any  moment,  the  instrument  is  quickly 
turned  to  a  horizontal  position.  To  deter- 
mine with  it  the  flight  of  shells  during  a 
bombardment  or  during  target  practice,  it  is 
held  in  the  right  hand,  the  palm  of  the  hand 
down,  with  the  zero  of  the  instrument  to 
the  left ;  a  turn  of  the  wrist  to  the  right 
brings  the  instrument  vertical,  with  the  zero 
end  uppermost ;  the  disk  then  descends,  and 
a  turn  of  the  wrist  to  the  left  arrests  its 
motion.  The  observer,  holding  the  instru- 
ment as  described,  watches  for  the  flash  of 
the  shell  as  it  explodes,  and  upon  seeing  it, 
instantly  brings  the  instrument  to  a  vertical 
position ;  upon  hearing  the  report  of  the 
exploding  shell  he  instantly  turns  it  back 
again.  The  position  of  the  disk  then  indi- 
cates the  number  of  yards  from  the  observer 
to  the  place  where  the  shell  exploded.  To 
ascertain  the  distance  to  an  enemy's  battery 
on  land  or  to  a  hostile  ship  at  sea,  the  instru- 
ment is  held  and  turned  in  the  same  manner. 
The  observer  watches  for  the  flash  of  the 
gun,  observing  which  he  turns  the  instru- 
ment vertical,  and  when  he  hears  the  report 
he  turns  it  back  and  reads  ofi*  the  distance. 
The  telemeter  invented  by  Capt  A. 
Gautier,  of  the  French  Artillery,  is  an 
instrument  for  measuring  with  considerable 
accuracy  the  distance  to  any  object  by  view- 
ing it  from  diflerent  points  on  a  base  line 
running  in  a  direction  transverse  to  that  of 
the  object  from  the  observer.  This  instru- 
ment, in  its  simplicity,  accuracy,  and  port- 
ability, recommends  itself  in  all  cases  where 
a  knowledge  of  a  distance  is  desired  at 
any  moment  with  the  least  possible  delay, 
Fuch,  for  instance,  as  when  range  finding 
for  a  gunner,  or  when  river  crossing,  or 
reconnoitering.  A  slight  acquaintance  with 
its  use  enables  the  observer  to  estimate 
with  more  than  ordinary  promptness  and 
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precisioii  the  distance  which  it  might  be  all 
important  to  obtain. 

The  instrainent,  9.  part  section  of  which  ia 
Bhown  in  Fig.  1,  resembles  in  ahape  &nd  size 
one  barrel  of  an  ordinoiy  field  glass.    It 
consists  of  B  tnbe  a  having  an  opening  6  at 
one  aide,  and  containing  two  mirrors  set 
normally  at  an  angle  of  45°,  as  shown  ;  one 
of  these  mirrors  c  is  fixed,  while  the  other 
d  admits  of  a  slight  movranent  by  means  of 
a  thnmbscrew  e ;  thus,  its  operation  is  sim- 
ilar to  that  of  the  sextant.    A  ring  /,  turn- 
ing on  the  axis  of  the  instrument,  carries  a 
prism   through   which    an    object   may   be 
riewed  by  direct  vision.     To  measure  a  dis- 
tance from  any  object,  the  observer  eelecte 
some  other  distant  but  well-defined  object 
that  is  in  snch  a  position  that  the  line  drawn 
from  it  to  himself  makes 
approximately   a    right 
angle  with  the  line 
drawn  from  himself  to 
the  first  object  whose 
distance  is  to  be  deter- 
mined ;    and    having 
brought     the     lero    or 
infinite  line  on  the  ring 
opposite  the  arrow  point 
on  the  tube,  he  views 
the  selected  object,  or 
natural    rignal,   as   it   is 
generally  called,  by 
direct  vision  through 
the  eye  tnbe  g,  looking 
over  both  mirrors  and 
through  the  prism.    By 
turning  the  screw  f,  the 
image  of  the   object 
whose  distance  is 
sought,  and  the  rays 
from  which,  passing 
throagh  the  opening  b, 
are  reflected  &om  d  to  c 
and  tbence  to  the  eye,  is  brought  into  coinci- 
dence   with  the  natural    signal.     He  then 
steps   back   some   known  distance,   taj   20 
yards,   along  the  line,  passing  through  the 
first  station  (the  first  station  is  the  position 
from  which  the  first  observation  is  made) 
and  the  natural  signal.    This  distance,  which 
serves  as  a  base  line,  should  not  be  less  than 
one- hundredth  of  that  of  the  station  from 
the  otiject  whose  distance  is  sooght.    The 
reflected  image  will  now  no  longer  coincide 
with  the  natural  signal  as  seen  by  direct 
vision  through  the  prism  ;  but,  by  turning 
the  ring  /,  the  prism  is  rotated  until  its 
refraction  again  causes  the  two  images  to 
coincide-    The  ring  is  provided  with  a  grad- 


uated scale  containing  a  series  of  factors  by 
which  the  length  of  the  base  must  be  multi- 
plied in  order  to  obtain  the  required  distance, 
or  range.  The  factor  that  stands  opposite 
the  arrow  on  the  tube  is  the  proper  multi- 
plier. These  factors  are  derived  by  a  simple 
calculation  from  the  trigonometrical  prop- 
erties of  a  triangle  supposed  to  be  right- 
angled  at  the  first  station.  Should  the  first 
and  the  second  station,  however,  not  be 
precisely  in  line  with  the  natural  signal,  a 
correction  may  be  applied  according  to  the 
angular  variation;  but  this  correction  is  so 
small  within  the  limits  of  angular  measure- 
ments, which  is  about  3°,  as  to  be  neglected 
in  ordinary  practice. 

Another  range  finder,  the  Berdan's,  is  an 
expensive   instnunent,  constructed  on  the 


third  principle,  the  instrument  being  its  own 
base  line.  It  is  mounted  on  a  wagon,  and 
is  intended  to  accompany  either  infantry  or 
artillery.  It  has  found  great  favor  among 
the  military  powers  of  Europe,  and  for  some 
years  back  was  used  extensively  at  the  grand 
military  maneuvers  in  France  and  Russia. 

On  board  a  man-of-war  the  range  finder 
plays  a  particularly  important  role ;  it  is, 
indeed,  indispensable ;  without  it  the  gunner 
would  be  badly  handicapped,  since  the 
correct  elevation  of  a  gun  can  be  determined 
only  when  the  distance  to  the  target  is 
known.  A  century  or  two  ago,  when  range 
finders  were  as  great  a  mystery  as  the 
Keely  motor  has  been  to  some  of  us,  the 
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n  at  the'gun  had  to  rely  solely  on  his      their  iDBtnunents  upon  the  pame  point  of 
ability  to  guess  the  distance,  and  elevated      the  hoeUle  ship,  and  the  electric  current 


the  gun  accordingly  ;  if  the  shot  passed 
its  iuteaded  target,  the  gunner  decreased 
the  elevation,  while  if  it  fell  short  he 
increased  it.  This,  of  course,  was  fiurlysatis- 
fftctory  in  thosetimee,  when  afew  shots  more 
or  less  made  no  particular  impression  on 
the  supply  in  the  ship's  magazine ;  but  now- 
adays, with  the  introduc- 
tion of  heavy  ordmuice 
and  costly  charges,  any 
method  of  guessing  the 
<listance  is  altogether  out 
of  the  question. 

Among  the  best  known 
range  finders  now  in  use 
on  ships  of  war  is  the  one 
invented  by  Lieut.  Fiske, 
U.  a  N.  It  is  based  on 
the  same  principle  as 
Capt.  Gau tier's  telem- 
eter, making  use  of  one 
side  and  the  two  adjacent 
angles  of  a  triangle.  In 
this  case,  however,  (wo 
instruments  are  Used,  one 
at  each  "station" — the 
stations  being,  of  course, 
situated  at  different  parts 
of  the  ship,  and  the  dis-  ^, 

tance  between  them, 
which   is   accurately 
known,  constituting  the 
base  line.    Now,  it  is  evi- 
dent that,  during  a  naval 
engagement,  it  is  no  easy 
matter  to  calculate  a  dis- 
tance when  the  enemy's 
ship  as  well  as  your  own   . 
is  constantly  moving  and 
the  angle?,  therefore,  . 
changing  continually; 
besides,  during  the  hurry   , 
and   slaughter    of  a    sea 
fight,  the  time  that  can  be 
spared  for  making  com- 
putations is  exceedingly 
limited.  In  order  to  over- 
come these  obstacles, 
Lieut,    Fiske    connected 
the    two    range    finders 
electrically,  by  placing  them  in  the  circuit 
of   a   Wheatstone    bridge,   and   raused   the 
change  of  the  two  angles  to  record  the  dis- 
tance of  the  object  on  the  graduated  scale  of 
a    delicate    galvanometer.     All    that    the 
observers    have    now    to    do    is   to    keep 
the  cross-hairs  of  the  telescopes  attached  to 


translates  the  angles  into  tbe  corresponding 
distance  by  the  movement  of  a  needle  over 
an  arc  graduated  into  hundreds  and  thou- 
sands of  yards.  The  following  description 
shows  the  arrangement  and  method  of 
operating  the  Fiske  range  finder. 
A  powerful  telescope  is  mounted  on  a 
standard  so  as  to  rotate 
y^"  in  a  horizontal  plane 

above  a  graduated  disk. 
Upon  this  disk  is  fast- 
ened a  circular  metallic 
strip,  which  extends  an 
equal  distance  on  each 
side  of  the  zero  gradua- 
tion. Fised  to  the  tele- 
scope standard  is  a 
contact  strip,  which 
rotates  with  the  telescope 
and  slides  over  the  cir- 
cular strip  on  the  disk. 
F^.  3  represents  a  dia- 
gram of  the  two  range 
finders,  rotating  about 
the  centers  e  and  c'  of 
two  disks.  The  termi- 
nals of  an  electric  batts7 
6  are  connected  to  tbe 
centers  c  and  c',  and  the 
electric  current  flows 
through  the  contact 
strips  on  the  standards 
to  the  metallic  arts  on 
tbe  disks,  thence  by  way 
of  the  wires  u',ic,,  and 
r,  t',  to  the  galvanometer 
jj.  When  the  telescopes 
,  are  parallel,  the  electric 
pressure  on  the  terminals 
„  of  the  galvanometer  are 
equal,  hence  no  current 
flows  through  it  and  no 
deflection  of  the  needle  ia 
produced,  If,  however, 
the  telescopes  are  not 
parallel,  then  the  electric 
pressure  on  the  galva- 
nometer terminals  are 
not  equal  and  a  current 
will  flow  through  the 
galvanometer,  causing  tbe  needle  to  deflect. 
Suppose  that  the  two  telescope*  are  point- 
ing at  an  object  o.  The  arc  through  which 
the  telescope  on  the  left  has  been  rotated 
from  its  mid-position  beirg  proportional  to 
the  angle  c  o  &,  \\.  follows  that  the  deflec- 
tion of  the  galvanometer  needle  will    be 
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proportional  to  the  same  angle,  or  to  the 
distance  co.  As  stated,  the  galvanometer 
is  graduated  in  hundreds  and  thousands  of 
yards,  and  the  distance  in  yards  of  the 
object  o  from  the  range  finder  is  thus  read 
off  the  galvanometer  direct.  One  of  these 
galvanometers  is  placed  at  each  of  the  prin- 
cipal gun  stations,  as  well  as  in  the  conning 
tower.  The  range  finders  are  permanent 
fixtures,  being  placed  in  well  selected  posi- 
tions which  insure  the  operator  a  free  view. 
Fig.  2  represents  a  modern  man-of-war  about 
to  open  fire  upon  a  hostile  ship ;  the  con- 
verging lines  drawn  from  each  of  the  range 
finders  will  give  the  reader  a  clear  idea  of 
the  operations  of  this  most  ingenious  instru- 


ment. To  avoid  errors,  such  as  the  opera- 
tors turning  their  respective  telescopes 
towards  different  objects,  the  two  finders 
are  connected  by  telephone ;  each  operator 
on  applying  his  eye  to  the  telescope  has 
opposite  his  mouth  a  telephone  transmitter, 
while  a  receiver  is  attached  to  his  ear,  as  in 
Fig.  4.  A  constant  communication  insuring 
simultaneous  observations  is  thus  established. 
Besides  the  instruments  here  mentioned, 
there  are  several  others,  such  as  the 
Gordon's,  Rolan's,  and  Watkins's  range 
finders;  descriptions  of  them  would,  how- 
ever, be  but  repetitions  of  the  above,  since 
the  principles  on  which  they  are  constructed 
are  similar  to  those  already  described. 
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Kepler's  Study  of  the  Planet  Mass  and  His  Music  of  the  Spheres — Astrology  and 
Sorcery — Laws  or  the  Solar  System — Kepler's  Speculations  on  Gravity. 


IN  THE  year  1601  Kepler  accepted  a  posi- 
tion in  Tycho's  observatory  ;  and  Tycho, 
in  dividing  the  work  among  his  assist- 
ants, assigned  to  Kepler  the  planet  Mars.  On 
Tycho' s  death,  in  1602,  Kepler  was  appointed 
Imperial  Mathematician,  as  successor  to 
Tycho.  Though  the  Emperor  Rudolph  was 
politically  weak  and  foolish,  he  deserves 
great  credit  for  the  help  he  gave  to  Tycho 
And  Kepler,  and  it  is  fitting  that  his  name 
should  be  perpetuated  in  connection  with 
the  "Rudolphine  Tables.''  These  tables, 
published  in  1627,  were  worked  out  in  detail 
by  Kepler  firom  the  records  of  Tycho' s  obser- 
vations ;  for  almost  a  century  they  Were  the 
standard  tables,  and  were  relied  upon  for 
the  information  that  we  now  seek  in  the 
Naatical  Almanac 

In  the  early  years  of  the  seventeenth  cen- 
tury two  discoveries,  of  the  utmost  impor- 
tance to  astronomy,  were  made — Galileo 
constructed  a  telescope  and  Napier  discovered 
the  method  of  calculating  by  logarithms. 
Kepler  was  one  of  the  first  that  had  the 
piivil^e  of  viewing  the  stars  through  a  tele- 
scope ;  but  the  telescope,  which  has  played 
each  an  important  part  in  the  development 
of  modern  astronomy,  was  of  absolutely  no 
uae  to  Kepler — his  talents  and  his  work  lay 
m  a  field  where  the  telescope  could  not  aid 
him.  On  the  other  hand,  logarithms  were 
almost  indispensable  to  him,  and  his  zeal  and 


reputation  did  much  to  spread  their  use  on 
the  continent  of  Europe ;  he  himself  pub- 
lished tables  of  logarithms  in  1625  and  1629. 
Kepler  now  entered  in  earnest  upon  his 
life  work,  which  was  to  free  astronomy  from 
the  complexity  of  cycles,  epicycles,  and  eccen- 
trics that  encumbered  the  Ptolemaic  system 
and  had  been  retained  by  Ck)pernicus.  No 
person,  that  has  not  tried  to  follow  out  in 
detail  the  explanation  of  the  planetary 
motions  in  the  Ptolemaic  system,  can  appre- 
ciate the  complexity  of  it.  No  wonder 
Milton,  in  Paradise  Lost,  says : 

"  He  his  fabric  of  the  heavens 
Hath  left  to  their  disputes,  perhaps  to  move 
His  laughter  at  their  quaint  opinions  wide ; 
Hereafter,  when  they  come  to  model  heaven 
And  calculate  the  stars,  how  will  they  wield 
The  mighty  frame !  how  build,  unbuild,  contrive, 
To  save  appearances !  how  gird  the  sphere 
With  centric  and  eccentric  scribbled  o'er 
Cycle  and  epicyle,  orb  in  orb." 

When  this  system  was  explained  to  King 
Alfonso  X,  of  Castile,  he  exclaimed  that  if 
God  had  consulted  him  at  the  creation,  the 
universe  would  have  been  on  a  better  and 
simpler  plan. 

Kepler  had  secured  the  greater  part  of 
Tycho's  records,  and  he  set  about  discovering 
the  laws  of  planetary  motion  by  first  making 
the  best  guess  he  could  and  then  trying  if 
the  consequencfes  of  his  assumed  law  would 
agree  with  Tycho' s  observations.    In  making 
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his  gueeees  it  was  inevitable  that  he  should 
be  guided  and  influenced  by  the  views  that 
were  unanimously  held  by  his  predecessors 
and  contemporaries,  and  therefore  he  first 
tried  all  manner  of  schemes  for  representing 
the  motion  of  a  planet  by  uniform  motion  in 
a  circle.  He  selected  the  planet  Mars  as  the 
special  object  of  investigation,  and  after 
many  trials  he  got  a  scheme  of  uniform  cir- 
cular motion  such  that  the  place  of  the 
planet  given  by  his  calculation  differed  from 
that  recorded  by  Tycho  by  omly  8'.  Any  of 
the  preceding  astronomers  would  have  been 
perfectly  satisfied  with  such  close  agreement, 
but  Kepler  says  "Since  the  divine  good- 
ness has  given  to  us  in  Tycho  Brahe  a 
most  careful  observer,  from  whose  observa- 
tions the  error  of  8^  is  shown  in  this  calcula- 
tion, it  is  right  that  we  should  with  gratitude 
recognize  and  make  use  of  the  gift  of  God. 
For  if  I  could  have  treated  8'  of  longitude 
as  negligible  I  should  have  already  corrected 
sufficiently  my  hypothesis.  But  as  they 
could  not  be  neglected,  these  8^  alone  have 
led  the  way  toward  the  complete  reformation 
of  astronomy  and  have  been  made  the  sub- 
ject matter  of  a  great  part  of  this  book.'' 

He  was  thus  compelled  to  give  up  the  idea 
of  uniform  motion  in  a  circle,  and  after  sev- 
eral fruitless  attempts,  he  eventually  tried 
the  law  of  the  equable  description  of  areas 
in  a  circular  orbit ;  that  is,  the  line  joining  the 
planet  to  the  sun  sweeps  over  equal  areas  in  any 
two  equal  intervals  of  time.  This  theory  fitted 
beautiftdly  and  he  felt  that  he  had  conquered 
the  planet,  but  very  soon  the  planet  broke 
out  in  a  new  place.  He  says  "  while  I  was 
triumphing  over  Mars  and  preparing  for 
him,  as  for  one  already  vanquished,  tabular 
prisons  and  equated  eccentric  fetters,  it  is 
buzzed  here  and  there  that  the  victory  is 
vain,  and  that  the  war  is  waging  anew  as 
violently  as  before.  For  the  enemy  left  at 
home  a  despised  captive,  has  burst  all  chains 
of  the  equations  and  broken  forth  from  the 
prison  of  the  tables." 

However,  Kepler  had  grasped  part  of  the 
truth,  and  arrived  at  the  law  of  the  equable 
description  of  areas,  which  is  now  known  as 
Kepler's  second  law.  Having  failed  to  effect 
a  complete  solution  of  his  problem  by  cir- 
cular orbits,  he  resolved  to  try  oval  orbits. 
The  calculations,  which  in  circular  orbits 
were  enormously  laborious,  were  incompar- 
ably more  formidable  for  oval  orbits ;  and 
worst  of  all,  in  oval  orbits  the  law  of  equal 
areas  seemed  to  fail.  Pondering  on  this 
difficulty,  he  was  roused  as  if  from  sleep 
by  the  correspondence  of  certain  numbers, 


which  in  some  way  that  cannot  now  be 
explained  suggested  to  him  a  new  scheme, 
which  after  long  calculation  he  found  to 
represent  the  planet's  motion  very  closely. 
This  motion  was  very  complicated,  and  on 
further  investigation  he  found  that  it  could 
be  represented  by  making  tJie  planet^ s  orbit 
an  ellipse  having  the  sun  in  OTie  focus.  This  is 
now  known  as  Kepler's  first  law.  To  his 
great  joy,  he  found  that  in  the  elliptic  orbit 
the  law  of  equal  areas  also  held.  In  Fig.  1 
is  reproduced  the  triumphant  sketch  made 
by  Kepler  on  the  diagram  he  used  to 
demonstrate  his  law.  Kepler  now  appealed 
to  the  Emperor  for  the  sinews  of  war  to 
make  an  attack  on  Mars'  father  Jupiter,  his 
brother  Mercury,  and  the  rest  of  his  faniiily. 
Just  at  this  time  the  emperor  died,  and 
Kepler  was  left  in  want  and  poverty. 

To  add  to  Kepler's  distress  at  this  crisis, 
his  mother  was  charged  with  sorcery,  put  in 
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prison,  and  condemned  to  torture.  Kepler 
hurried  to  Wurtembei^  to  her  assistance 
and  saved  her  from  torture,  and  she  died 
soon  after,  at  the  age  of  eighty. 

Kepler  now  devoted  all  his  energies  to 
discover  a  relation  among  the  distances  of 
the  planets  from  the  sun  and  their  times 
of  revolution  about  the  sun.  Finally,  he 
obtained  the  very  important  relation,  now 
known  as  Kepler's  third  law :  The  sqwxres 
of  the  times  of  revolution  of  any  two  planets 
about  the  sun  are  proportional  to  the  cubes 
of  their  mean  distances  from  the  mvn.  We 
seem  to  come  very  dose  to  him  in  sympathy 
as  we  listen  to  his  triumphant   rhapsody. 
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"  What  I  prophesied  two  and  twenty  years 
ago,  as  soon  as  I  discovered  the  five  regular 
solids  in  the  heavenly  orbits,  what  I  firmly 
believed  before  I  had  seen  Ptolemy's  Har- 
monies, what  I  promised  my  friends  in  the 
title  of  this  book,  which  I  named  before  1 
was  sure  of  my  discovery,  what  sixteen 
years  ago  I  urged  as  a  thing  to  be  sought, 
that  for  which  I  joined  Tycho  Brahe,  for 
which  I  settled  in  Prague,  for  which  I 
devoted  the  best  years  of  my  life  to  astro- 
nomical calculations,  at  length  I  have 
brought  to  light,  and  recognized  its  truth 
beyond  my  most  sanguine  expectations. 
Nothing  holds  me.  I  will  indulge  my  sacred 
ftury ;  I  will  triumph  over  mankind  by  the 
honest  confession  that  I  have  stolen  the 
golden  vases  of  the  Egyptians  to  build  up  a 
tabernacle  for  my  god  far  away  from  the 
confines  of  Egypt.  If  you  forgive  me,  I 
rejoice ;  if  you  are  angry,  I  can  bear  it ;  the 
die  is  cast,  the  book  is  written,  to  be  read 
either  now  or  by  posterity,  I  care  not  which  ; 
it  may  well  wait  a  century  for  a  reader,  as 
Grod  has  waited  six  thousand  years  for  an 
observer."  Lest  we  should  regard  these  as 
the  unmeasured  words  of  an  excitable  man 
in  his  hour  of  triumph,  let  us  hear  the 
impartial  verdict  of  the  nineteenth  century. 
"When  we  consider,*'  says  Sir  John  Her- 
schel,  ''the  constituents  of  the  planetary 
system  from  the  standpoint  which  this  rela- 
tion afibrds  us,  it  is  no  longer  mere  analogy 

which  strikes  us The  resemblance 

is  now  perceived  to  be  a  true  family  like- 
ness ;  they  are  bound  up  in  one  chain,  inter- 
woven in  one  web  of  mutual  relation  and 
harmonious  agreement ;  subject  to  one  per- 
vading influence  which  extends  from  the 
center  to  the  farthest  limits  of  the  great 
system  of  which  all  of  them,  the  earth 
included,  must  henceforth  be  r^arded  as 
members.'' 

In  a  total  eclipse  of  the  sun  the  dark  body 
of  the  moon  is  surrounded  by  a  bright  cor<ma 
similar  in  shape  and  relative  size  to  the 
aureole  which  artists  paiut  round  the  heads 
of  saints ;  Kepler  was  the  first  to  consider 
this  phenomena  scientifically.  He  never 
saw  a  total  solar  eclipse  himself.  But  he 
examined  the  records  of  an  eclipse  seen  by 
Ciavius  at  Rome,  in  1567,  and  showed  from 
the  positions  of  the  sun,  earth,  and  moon 
that  it  could  not  have  been  an  annular 
eclipse,  as  had  been  supposed  on  account  of 
the  dazzling  brilliancy  of  the  corona.  He 
concluded  that  the  "flame-like  splendor" 
seen  on  such  occasions  was  caused  by  the 
reflection  of  solar  rays  from  matter  floating 


near  the  sun  or  moon ;  he  gave  his  prefer- . 
ence  to  the  idea  that  the  matter  was  in  the 
neighborhood  of  the  sun,  but  he  added  that 
the  theory  should  be  laid  by,  ready  for  use, 
and  not  brought  into  immediate  use.  This 
theory — which  is  practically  correct — only 
emerged  from  the  limbo  of  buried  truths 
after  two  centuries  and  a  half  of  complete 
oblivion. 

Reference  has  already  been  made  to  the 
fanciful  character  of  Kepler's  thoughts.  He 
alone  of  astronomers  has  had  the  boldness 
to  write  down  the  music  of  the  spheres 
(Fig.  2).  He  says  the  earth  sings  MI, 
FA,  MI,  so  that  you  may  guess  that  in  this 
abode  of  ours  Misery  and  Famine  prevail. 

The  Copernican  system,  as  well  as  the 
Ptolemaic,  had  required  many  revolutions 
about  mere  geometrical  points ;  but  Kepler's 
system  involved  only  revolutions  about  actual 
bodies,  the  planets  revolving  about  the  sun, 
and  the  satellites  about  the  planets.  He 
naturally  sought  for  some  connection  between 
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these  revolutions  and  the  central  body.  In 
the  preface  of  his  "New  Astronomy,  or 
Celestial  Physics,"  published  in  1609,  he 
speaks  of  gravity  as  of  a  power  mutual 
between  two  bodies,  and  says  that  the  earth 
and  moon  tend  towards  each  other  and 
would  cx)me  together  at  a  point  as  many 
times  nearer  to  the  earth  than  the  moon, 
as  the  earth  is  greater  than  the  moon, 
if  their  motions  did  not  prevent  it.  He 
attributes  the  tides  to  the  gravity  of  the 
waters  towards  the  moon.  His  knowledge  of 
mathematics  was  insufficient  to  enable  him 
to  work  out  the  theory  j  indeed,  the  mathe- 
matics requisite  for  that  great  problem  had 
yet  to  be  created  by  a  greater  than  he.  Sub- 
sequently he  formed  other  speculations  in 
reference  to  gravity,  and  in  his  "Epitome  of 
Copernican  Astronomy,"  published  in  1618, 
he  has  a  further  discussion  of  this  subject. 
He  had  read  William  Gilbert's  book  on 
the  Magnet,  and  the  property  of  magnetic 
attraction  suggested  to  him  an  analogy.  He 
imagined  that  the  planets  might  be  thus 
connected  with  the  sun,  and  share  the  sun's 
motion  of  rotation.  He  supposed  that  some 
"carrying  virtue"  spread  out  from  the  sun 
and  tried  to  carry  the  planets  round  the  sun. 
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"There  ie,  therefore,  a  conflict,"  be  saya, 
"between  the  carrying  power  of  the  snn 
and  tbe  impotence  or  material  eluggiBbnesB 
(inertia)of  the  planet,  and  each  eitjoya  some 
measure  of  victory.  The  former  moves  the 
planet  fl^>m  its  place,  and  the  latter  freee  the 
planet's  body  to  some  extent  from  the  bonds 
inwhichit  is  thus  held." 

After  tbe  lapee  of  centuries  many  estimable 
people  feel  called  upon  mildly  to  reprove 
Kepler  for  discovering  truth  through  con- 
jectures BO  wild  and  groundless ;  they  are 
shocked  that  he  should  not  have  proceeded 
to  discover  his  laws  on 
the  true  Baconian 
principles.  But  it 
should  be  remembered 
that  many  of  Kepler's 
guesses  now  appear 
ladicroas  because  we 
staod  upon  tbe  van- 
tage ground  he  won 
for  us ;  others,  that  to 
bis  contemporaries 
appeared  even  wilder, 
appear  to  ua  marvel- 
ously  sagacious  —  for 
example,  his  assertion 
of  the  rotation  of  tbe 
sun  before  it  hod  been 
revealed  by  the  tele- 
scope, and  his  decla- 
ration that  the  obli- 
qnity  of  the  ecliptic 
was  decreasing  and 
would  continue  to  de- 
crease for  a  long  period 
and  then  begin  to  in- 
crease. If  an  investi- 
gator at  any  period 
will  be  as  careful  as 

Kepler  was  to  base  all         MnKi'MEST  Diunkmoh. 
his  speculations  upon  iti'i>o[.FHiN 

the  beat  thought  and 
knowledge  available  to  him,  and  if  he  will 
exercise  the  same  tireless  patience  and  per- 
severance in  testing  his  work  before  launch- 
ing crude  theories  upon  the  world,  he  will 
rise  very  nearly  to  the  stature  of  a  great 
man  ;  for  it  is  a  half  truth^though  not  a 
whole  truth— that  genius  is  an  infinite  capac- 
ity for  taking  pains.  Kepler  displayed  the 
true  features  of  the  scientific  mind — boldness 
in  speculalion  and  indomitable  perseverance 
in  testing  what  bad  been  suggested,  and 
above  all  that  absolutely  necessary  character- 
istic of  the  scientific  mind  which  makes  it 
impossible  to  be  satisfied  but  with  tbe  very 
beet.     Any  one  of  Kepler's  theories  would 


have  been  accepted  without  scruple  by  bis 
scientific  contemporaries,  bnt  Kepler  tested 
them  all  and  sacrificed  remorselessly,  one 
after  another,  tbe  theories  on  which  he  had 
labored  for  years.    Nineteen  he  rgected  but 
tbe  twentieth  was  the  correct  theory  of  the 
universe.    It  seems  to  us  that  in  Kepler  we 
see  tbe  true  features  of  the  scientiflc  spirit, 
bnt  we  do  not  imagine  that  any  two  heroes 
of  science  are  exactly  alike  in  mind  and 
spirit  any  more  than  in  face;  nor  do  we  pre- 
tend to  lay  down  any  rules  to  gaide  those 
who  seek  to  discover  scientific  truth.    There 
is   no  royal   road  for 
inventing  hypotheses. 
The    inventor    of    an 
hypothesis,  if  asked  to 
explain    his   method, 
might  answer  as  did 
Zerah  Colbnm   when 
asked  to  explain  his 
mode  of  instantaneous 
calculation ;  when  the 
child  was  w<HTied  by 
being  pressed  for  the 
explanaUon,  he  cried 
"God  pnt  it  into  my 
bead  and  I  cannot  pnt 
it  into  yours." 

Kepler's  astronom- 
ical discoveries  have, 
to  a  large  extent,  avtx- 
shadowed  his  work  in 
pure  mathematics ; 
yet  his  contributions 
to  tbe  doctrine  of  the 
infinite  and  the  infini- 
tesimal and  hia  clear 
enunciation  of  the  im- 
portant principle  of 
continuity  give  him  a 
Tiva  ruitj.iiATioN  or  high  place  among tiie 
z.  Tablrs.  founders  of  modern 

geometry.  As  an  ex- 
ample of  the  law  of  continuity,  Kepler 
pointed  out  that  tbe  parabola  ia  at'once  the 
limiting  case  of  the  hyperbola  and  theellipee. 
From  this  conception  of  the  parabola  as  a 
limiting  case  of  the  ellipse,  he  was  led  to  the 
principle  that  parallel  lines  must  be  regarded 
as  meeting  at  infinity.  Among  Kepler's 
minor  contributions  to  geometry  is  the  now 
common  method  of  describing  an  ellipse  by 
passing  a  loop  of  thread  around  two  pins 
fixed  at  tbe  foci ;  be  also  gave  the  corre- 
sponding constructions  for  the  parabola  and 
the  hyperbola.  Geometry  is  e^so  indebted 
to  him  for  the  name /ocu«,  which  headopted 
into  Geometry  from  the  science  of  Optica. 


A  HOME-MADE  BUNSEN  BURNER. 


Prof.  Richard  K.  Meade. 


What  a  Bunsen  Burner  Is,  and  How  to  Make  a  Thoroughly  Satisfactory  One  at  a 

Cost  op  But  a  Few  Cents. 


THE  following  description  of  a  cheap  form 
of  Bunsen  burner  may  be  of  use  to 
those  students  of  science  whose  pocket- 
books  and  stock  of  apparatus  do  not  keep 
pace  with  their  thirst  for  knowledge,  or  to 
those  teachers  who  are  expected  to  demon- 
strate the  wonders  of  chemistry  or  physics 
on  a  very  limited  allowance  for  apparatus. 
The  burner  described  will  also  prove  con- 
venient in  the  workshop  for  heating  solder- 
ing irons,  etc.,  and  in  the  home  for  warming 
shaving  water  or  curling  tongs. 

A  Bunsen  burner  is  simply  a  tube  so 
arranged  as  to  admit  both  illuminating  gas 
and  air,  and  to 
allow  them  to 
mix  before 
reaching  the 
opening  where 
they  are  fired. 
When  ordinary 
illuminating  gas 
is  burned  in  this 
manner,  all  the 
carbon  is  con- 
sumed, and  a 
flame  free  from 
soot,  and  much 
hotter  than  the 
ordinary  "fish- 
tail," results. 

To  make  such 
a  burner,  select 
a  piece  of  glass 
tubing  of  from 
i  to  A  inch  ex- 
ternal diameter, 
and  bend  it  in  the  form  shown  at  (6). 
To  do  this,  revolve  the  tubing  slowly  in 
the  flame  of  an  ordinary  gas  jet  (burning 
at  not  quite  its  full  capacity)  until  the  glass 
softens,  when  the  tube  may  be  bent  to  the 
desired  shape.  Make  each  bend  separately. 
Now,  to  make  the  tapered  end  j,  turn  the 
gas  jet  to  its  full  capacity  and  revolve 
the  tubing  across  and  at  right  angles  to  the 
flame.  When  the  glass  softens,  remove  from 
the  flame  and  pull  apart,  thus  getting  the 
jet  j.  Break  the  tube  where  the  tapered  part 
is  about  ^^  inch  internal  diameter.    To  do 


this,  scratch  with  a  file  at  the  desired  point 
and,  placing  the  thumbs  opposite  the 
scratch,  break  the  tube.  The  end  r  should 
be  rounded  by  holding  in  the  gas  jet  until 
the  glass  just  fuses. 

Procure  a  piece  of  brass  tubing  p,  in  (a), 
from  4}  to  5  inches  long,  and  not  over  |  inch 
internal  diameter,  yet  large  enough  to  pass 
over  the  glass  tube  in  the  manner  shown. 
Stand  this  beside  the  glass  tube  and  mark 
the  height  to  which  the  jet  j  reaches.  File 
two  round  ^-inch  holes  h  opposite  each 
other  in  the  tube  at  this  point,  and  file  ofl 
the  same  end  of  the  tube  at  an  angle,  as 

shown  at  «,  so 
as  to  allow  the 
bottom  of  the 
brass  tube  to 
rest  on  the  table 
when  slipped 
over  glass  jet. 

Now  set  the 
glass  tube,  with 
the  brass  tube 
slipped  over  it, 
in  a  tin  shoe- 
polish  box  I  or 
the  top  of  a 
round  tin  box, 
in  the  position 
shown  in  (a), 
and  pour  plaster 
of  Paris  (made 
into  a  paste  with 
water)  around 
the  tube,  so  as 
to  nearly  fill  the 
tray.  Secure  everything  in  position  until  the 
plaster  sets  hard,  when  the  burner  is  com- 
plete, as  at  (c).  It  is  to  be  attached  to  the 
gas  jet  by  a  piece  of  rubber  tubing. 

If  it  is  desired  to  regulate  the  air  supply, 
this  may  be  done  by  means  of  a  sleeve  t  of 
tin  or  sheet  brass,  or  a  piece  of  light  tubing 
split  so  as  to  spring  on  to  the  main  tube. 
Such  a  burner  may  be  made  for  only  a  few 
cents  where  the  materials  have  to  be  pur- 
chased, and  often,  at  the  expense  of  time 
alone,  from  scraps  around  the  workshop  or 
laboratory. 
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Mrs.  Frederic  R.  Honey. 


Samoa. 


IN  GENERAL  characteristics  the  Samoan 
group  resembles  the  other  coral  islands 
with  which  the  southern  Pacific  is  thickly 
sown.  Only  four  of  the  islands  are  large 
enough  to  be  of  importance ;  the  others  are 
rocky  islets  of  a  few  hundred  acres  in  extent. 
Each  one  is  surrounded  at  a  little  distance  by 
a  coral  reef  with  one  or  two  openings,  which 
admit  the  passage  of  vessels ;  but  the  har- 
bors, with  one  exception,  are  poor,  and  afford 
little  shelter  from  the  hurricanes  of  the 
tropics.  They  are  rich  in  natural  beauty, 
and  the  soil  is  extremely  fertile.  All  that  is 
needed  for  the  support  of  life  is  procured  in 
abundance  with  very  little  labor.  The 
inhabitants  are  of  the  best  type  of  the 
Polynesian  race,  possessing  a  fine  physique 
and  many  admirable  traits  of  character. 
They  respond  readily  to  the  advances  of 
those  who  treat  them  with  kindness  and 
justice,  and  accept  within  certain  narrow 
limits  the  customs  of  the  white  races  who 
settle  among  them. 

The  direct  commercial  value  of  the  group 
is  small,  but  its  position  gives  it  a  strategic 
importance  recognized  by  all  the  Powers 
which  concern  themselves  with  Samoan 
affairs.  It  lies  in  the  direct  trade  route  from 
Australia  and  New  Zealand  to  the  Pacific 
coast  of  the  North  American  continent.  A 
line  from  New  Zealand  to  the  Hawaiian 
Islands,  and  thence  to  San  Francisco  or  to 
British  North  America,  passes  through  the 
Samoan  group.  Vessels  sailing  from  Sydney 
or  Melbourne  to  Atlantic  ports  or  to  Europe, 
via  the  interoceanic  canal  of  Panama  or 
Nicaragua  (whenever  it  becomes  a  £Act),  will 
pass  within  easy  call  of  Samoa.  It  would 
be  one  of  the  natural  stations  of  the  Pacific 
submarine  cable,  which  must  be  laid  in  the 
near  future,  either  by  the  United  States  or  by 
Great  Britain  and  her  colonies  in  Canada  and 
Australia.  What  better  spot  could  be  fixed 
on  as  a  naval  depot  or  as  a  coaling  station  by 
the  nations  who  have  commercial  or  terri> 
torial  interests  to  protect  by  means  of  war- 
ships patrolling  the  Pacific  ocean  ? 

America  has  a  coaling  station  at  Pago  Pago, 
on  the  island  of  Tutuila,  the  one  really  good 
harbor  in  the  Samoan  group.  Nearly  thirty 
years  ago  a  Samoan  chief  offered  to  cede  this 
harbor  to  the  United  States,  but  the  treaty 
with  regard  to  it  was  not  ratified  by  the 


senate.  Another  treaty  was  concluded  with 
Samoa  in  1879,  after  its  independence  had 
been  recofo^ized,  but  even  then  America  did 
not  accept  exclusive  rights  to  Pago  Pago. 
Her  position,  however,  as  a  great  Pacific 
power,  is  ftdly  acknowleged,  and  any  claim 
which  she  might  make  to  Pago  Pago  would 
probably  be  conceded  by  other  nations. 
Great  Britain  has  a  dose  interest  in  the 
affairs  of  the  Samoan  Islands,  partly  on 
account  of  the  nearness  of  her  AustnUian 
colonies,  and  more  than  fifty  percent  of  the 
few  white  residents  are  British  subjects. 

The  voice  of  Germany  is  also  influential  in 
Samoa.  Many  years  ago  a  German  trading 
firm  settled  at  Apia,  and  thence  exported 
the  produce  of  the  island^.  As  for  as  exports 
are  concerned,  German  interests  exceed 
those  of  other  Powers ;  but  more  than  fifty 
per  cent,  of  the  imports  of  Samoa  in  1897 
were  from  Great  Britain  and  her  colonies, 
twenty-five  per  cent,  from  Germany,  and  fif- 
teen per  cent,  from  the  United  States,  while 
the  carrying  trade  is  mainly  in  British  hands. 
It  is  well  known  that  Bismarck,  who  ^t  one 
stage  of  Grerman  history  opposed  the  idea  of 
acquiring  colonies,  became  at  a  later  date  an 
ardent  supporter  of  the  colonial  party.  He 
lent  the  weight  of  government  influence  to 
the  German  firm  which  had  settled  in 
Samoa,  thinking  perhaps  of  the  small  tra- 
ding company  which  laid  the  foundations  of 
the  British  power  in  India  three  centuries 
ago.  But  the  interests  of  the  United  States 
and  Great  Britain  were  at  stake,  and  they 
opposed  the  plan  of  making  Samoa  a  German 
colony. 

The  Samoans  themselves  do  not  desire 
annexation  to  Germany.  •  They  see  their  own 
weakne6S,and  their  leadingmen  recognize  that 
foreign  interference  combined  with  native  jeal- 
ousies prevent  them  from  carrying  on  a  stable 
government.  But  the  Grerman  traders  who 
are  established  in  the  islands  employ  native 
labor  on  their  plantations,  and  in  their  deal- 
ings they  are  inclined  to  use  the  strict  disci- 
pline which  when  applied  to  their  own  people 
has  produced  the  finest  army  in  Europe,  but 
which  strikes  terror  to  the  Samoan  heart. 
It  is  of  no  use  to  exact  strict  obedience, 
industry,  and  order  from  natives  of  the 
tropics,  whose  semidvUization  is  still  in  its 
infancy,  and  has  not  had  time  to  mold  the 
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national  character.  The  Samoans  rebel 
agamat  sach  role  aa  against  oppression  and 
tyranny.  They  expect  to  be  controlled 
eYentnally  by  one  or  other  of  the  three 
Powers  who  have  disputed  about  them  for 
so  long,  and  see  that  only  under  such  protec- 
tion are  they  likely  to  be  left  at  peace. 
Petitions  for  annexation  have  been  sent  to 
Great  Britain  and  to  the  United  States  at 
different  times,  but  political  difficulties  have 
intervened. 

The  dissension  between  the  three  Powers 
which  claim  a  voice  in  the  settlement  of 
Samoan  affidrs  came  to  a  head  in  the  winter 
of  1888-89.  American,  British,  and  German 
warships  lay  like  watch  dogs  in  the  harbor 
of  Apia,  on  the  island  of  Upolu,  and  a  fight 
seemed  imminent.  But  nature  called  a  halt 
in  a  very  effective  manner.  A  violent  hurri- 
cane of  many  hours'  duration  drove  the 
vessels  from  their  moorings,  dashed  them 
against  one  another  or  on  to  the  reefis,  and 
destroyed  them  all,  except  the  British  ship 
Calliope,  which  steamed  out  of  the  harbor  in 
the  teeth  of  the  gale,  cheered  by  American 
blue-jackets  on  the  decks  of  their  own  help- 
less vessel.  This  happened  in  March,  1889, 
and  in  the  following  summer  a  conference 
met  in  Berlin  at  which  an  agreement  was 
reach^  on  the  Samoan  question.  Samoa 
was  not  represented  .at  the  conference,  nor 
was  she  consulted  about  the  treaty  which 
was  concluded  between  the  Powers.  This 
treaty  guaranteed  the  neutrality  and  the 
(so-called)  independence  of  the  Samoan 
government,  with  the  right  to  elect  a  king 
according  to  its  own  national  customs.  One 
royal  candidate,  Mataafa,  was  declared 
ineligible  for  election  on  account  of  past 
difficulties  between  him  and  Grermany.  The 
treaty  created  a  supreme  court,  to  which  all 
questions  with  regard  to  the  rights  of  the 
king  must  be  referred  for  decision.  The 
chief  justice  of  this  court  must  be  appointed 
by  agreement  of  the  three  Powers.  Judge 
William  L.  Chambers,  of  South  Carolina,  is 
now  the  inaimbent  of  that  office.  R^ula- 
tions  were  made  for  imports  and  customs, 
and  for  the  sale  of  lands ;  traffic  in  intoxi- 
cants and  in  firearms  (with  exceptions)  was 
prohibited  ;  and  special  provision  was  made 
for  the  government  of  the  municipality  of 
Apia,  where  is  assembled  the  bulk  of  the 
white  population.  It  is  an  international 
port,  and  is  governed  by  a  white  magistrate, 
who  at  the  present  time  is  a  German.  Even 
on  paper  this  seems  a  complicated  scheme 
for  the  government  of  a  little  group  of  islands, 
and  it  need  hardly  be  said  that  it  has  proved 


to  be  a  failure.  The  king,  at  the  head  of  the 
native  government,  is  nominally  independ- 
ent, but  he  can  have  little  real  authority. 
There  is  a  president  of  the  municipal  council 
as  an .  advisor;  a  chief  justiQC  as  a  court  of 
last  resort,  and  three  foreign  consuls  with  ill- 
defined  powers,  whose  principal  concern 
must  be  to  protect  the  interests  of  their 
respective  countries,  while  Samoa  occupies 
the  second  place  in  their  minds. 

The  Samoan  king  died  last  summer,  and 
trouble  arose  about  the  election  of  his  suc- 
cessor. Malietoa,  the  heir  of  the  late  king, 
was  chosen  by  one  party  and  was  declared 
to  be  duly  elected.  Mataafa,  who  had 
returned  to  the  islands  after  many  years 
of  banishment,  had  many  more  supporters. 
He  is  the  idol  of  the  people,  and  by  char- 
acter and  circumstance  is  well  fitted  to  rule. 
Chief  Justice  Chambers  decided  that  in 
accordance  with  the  provisions  of  the  treaty 
of  Berlin  he  was  ineligible.  The  German 
officials  opposed  the  American  chief  justice, 
and  supported  Mataafa' s  claims,  and  the 
two  parties  came  to  blows.  The  American 
and  British  forces  stood  side  by  side  in 
defense  of  the  arrangements  which  the  chief 
justice  declared  to  be  lawful,  and  which  the 
Powers  were  pledged  to  support.  Samoan 
villages  were  bombarded  by  ships  of  war, 
and  the  islands  were  in  a  state  of  anarchy. 
Mataafa  with  an  armed  force  was  unable  to 
maintain  peace,  although  he  was  successful 
over  his  native  rival  when  they  met  in 
battle.  His  supporters  refused  to  recognize 
the  authority  of  the  chief  justice. 

The  situation  was  not  creditable  to  the 
three  Powers  who  had  devised  the  system 
under  which  the  islands  were  governed. 
Recognizing  the  need  of  interference  for  the 
protection  both  of  the  natives  and  of  the 
foreign  residents,  commissioners  were  sent 
to  Samoa  who  were  to  adjust  the  difficulty 
in  a  reasonable  way.  The  Chief  Justice  has 
been  reinstated  in  his  position.  One  of  the 
rival  royal  candidates  for  the  throne  has 
resigned  his  claims;  the  other  is  to  be 
banished  from  the  islands.  The  kingship  is 
to  be  abolished,  with  the  consent — real  or 
nominal— of  the  islanders  ;  and  a  Governor, 
approved  by  the  Powers,  be  appointed  in 
his  place.  There  will  also  be  a  council  of 
three  members  designated  by  the  Powers, 
and  representatives  of  the  people  are  to 
form  a  kind  of  L^islature.  At  the  time  of 
writing  the  scheme  still  needs  the  consent 
of  the  governments  represented  by  the  com- 
mission, but  it  is  hoped  that  a  peaceful  set- 
tlement is  in  eight. 
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BLACKSMITHS'  TON  OS. 


While  engaged  last  aummer  on  forUflcs- 
tion  work  on  the  aouthera  coast,  I  noticed 
that  the  blacksmith  used,  inst^ui  of  the 
osual  toi^  for  boldlng  round  iron,  a  tonga 
made  exactly  like  s  curling  iron.  He  Bald 
that  this  form  of  tongs  not  only  did  away 
with  the  necessit}*  for  having  more  than  two 


focus  the  camera  upon  the  subject,  poah 
slide  6  over  the  opening  until  half  of  the 
field  is  obscured ;  and  note  which  of  the 
divisions  e  the  edge  of  the  slide  is  under. 
Put  in  the  plate-holder,  and  expose.  Change 
the  position  of  the  subject,  and  posh  the 
slide  6  in  the  opposite  direction  to  the  rame 
graduation;  then  expose  as  before.  On 
developing,  no  line  will  show  between  the 
two  exposures. 

TO  WRITE  AND  SKETCH  WHILE 


or  three  different  sizes,  but  that  in  bis  opin- 
ion it  also  gave  a  better  grip.  Looking  at 
the  end  of  the  tongs  with  piece  gripped,  bis 
was  as  shown  at  ( b )  in  the  figure,  instead  of 
as  at  (a),  as  is  usual. 

DOUBLE-EXPOSURE  HOOD. 

In  the  June  number  of  The  Mechanic 

Arts  Magakinb,  S.  J.  Routledge  tells  how  he 

obtained  a  double  photograph.    A  better, 

and  1  think  a  simpler,  method  of  arranging 

tbe  lens  hood  for  this  purpose  ia  aa  follows : 

In  the  center  of  a  piece  of  hard  wood  about 

h    inch    thick 

and  three  times 

as  long  ae  the 

lens   is  wide, 

bore   a    bole 

exactly  the  size 

of  the  lens  tube. 

On  the  foce  of 

this,  glue  or  screw  two  guides,  ae  shown 

at  a,  a  in  the  figure,  and  under  them  fit  a 

small  slide  h,   made  of  either  hard  black 

rubber  or  blackened   cardboard.     On  the 

upper  guide  a  mark  a  number  of  divisions, 

aa  at  t.    To  obtain  a  double  photograph, 


Liiivmod  C.  Ptummrr,  fori  fhir^d,  lie. 

HBRBwrTH  I  outline  an  idea  that  if  once 
acted  upon  will  become  indispensable  to 
those  readers  of  The  Mechanic  Airm  Maga- 
zine who  wish  to  write  or  sketch  while  trav- 
eling in  car,  carriage,  or  any  kind  of  boat 
Take  a  light  pine  board  (say  i  inch)  20 
inches  long  by  30  inches  wide,  and  dress  it 
to  tbe  shape  sbown  in 
Fig.  1.  At  a,  a  cut 
holes  suitable  for  re- 
ceiving a  leather  strap, 
and  adjust  the  length 
of  this  strap  «o  that, 
when  passed  around 
the  neck  as  shown  in 
Fig.  2,  the  board  will  be  at  a  convenient 
angle  for  writing  upon,  with  the  curved 
front  edge  resting  against  tbe  lower  chest 
It  will  be  found  that,  by  n^ng  this  portable 
board,  writing  and  sketching  can  be  done 
with  as  much  accuracy  while  on  a  fast- 
moving  car,  on  board  ship,  or  on  any 
vehicle,  no  matter  how  severely  it  vibrates, 
as  if  one  were  sitting  on  a  fi^ed  seat  in  front 
of  a  stationary  desk.  Tbe  reason  for  thia'iB 
that,  the  board  bwng  supported  entirely 
from  the  body,  all  vibrations  are  transmitted 
to  it  through  the  body,  and  therefore'  the 
vibrations  of  the  board  are  in  perfect  unison 
with  those  of  the  body,  and  no  vibiatjons 
whatever  are  apparent.  And  it  is  almost  as 
valuable  when  reading  as  when  writing  or 
drawing ;  we  all  know  how  tiring  it  is  to  tbe 
eyes  to  read  in  a  jolting,  swaying  car.  Dur- 
ing a  vacation,  too,  while  camping  out,  it 
will  be  found  a  friend  in  need,  as  letter 
or  sketch  can  be  written  or  drawn  with  the 
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help  of  this  little  scheme,  as  well  when 
seated  on  a  fiedlen  log  as  if  seated  in  one's 
own  drawing  room.  Again,  the  board  is 
not  altogether  without  nsefulness  at  home. 
Seated  in  a  high-backed  rocker  one  may 
enjoy  a  complete  physical  rest,  yet  at  the 
same  time  be  reading,  writing,  or  sketching ; 


Fig.  2. 


in  this  case,  it  is  just  as  well  to  support  the 
board  firom  the  top  of  the  rocker  back  by 
passing  the  strap  around  same ;  then,  the 
Yery  slight  pressure  on  the  neck  is  removed. 


A  BABBITTING  MANDREL. 

Schemer. 

I  FREQUENTLY  have  occaslou  to  rebabbitt 
boxes  for  large  shafting,  engine  journals,  etc. 
As  is  well  known,  this  is  a  tedious  and  par- 
ticular job,  it  being  necessary  to  have  your 
temperatures  just  right  in  order  to  get  a  full 
ran.    To  simplify  the  operation,  I  devised 

the  mandrel  illus- 
trated herewith. 
From  a  1-inch  board 
I  had  cut  a  number 
of  disks  a  trifle 
smaller  in  diameter 
than  the  journal  to 
be  babbitted ;  these  I 
placed  on  a  piece  of 
small  shafting  a,  the  holes  in  the  disks  being 
exactly  central  and  rather  a  tight  fit  on  the 
shaft.  After  spacing  these  disks  evenly,  I 
bent  around  them  a  piece  of  sheet  iron,  cut 
to  such  a  length  that  it  would  leave  an  open 
space  at  the  top  as  shown,  and  I  secured  it 


to  the  disks  with  brads.  This  gave  me  a 
mandrel  having  a  smooth  surface  and  one 
that  required  no  heating;  it  produced  a 
smooth,  solid  bearing,  and  one  upon  which 
very  little  work  had  to  be  done.  It  is  in 
every  way  a  handy  mandrel,  inexpensive, 
and  allows  the  pouring  to  be  done  in  the 
most  convenient  place. 


SURFACE  ANGLE   INDICATOR. 

Richard  J.  EUiott,  Tacoma,  Wash. 


While  working  for  the  principal  foundry 
in  this  city,  I  found  that,  when  making 
drawings  of  castings  from  which  it  was 
desired  to  make  patterns,  if  some  device 
could  be  made  such  that,  when  held  against 
the  surface  of  the  casting,  it  would  tell 
approximately  the  angle  which  that  surface 
made  with  the  vertical,  a  great  deal  of  time 
would  be  saved.  I  therefore  contrived  the 
instrument  illustrated  in  the  accompanying 
sketch.  To  make  it :  Take  a  9-inch,  45°, 
celluloid  triangle,  and,  choosing  a  point  c  in 
the  right  angle  as  center,  with  a  pair  of 
dividers  scratch  an  arc  of  a  circle  from  one 
edge  of  the  triangle  to  the  other,  about  as 
shown.    Graduate    this    arc     in     degrees, 


locating  first  the  0°  mark  and  the  90®  mark 
by  scribing  lines  toward  c  parallel  to  the 
sides  of  the  triangle.  Mark  the  graduations 
as  shown  in  the  sketch  ;  then  pierce  a  hole 
through  the  triangle  at  c  and  hang  from  it  a 
plumb-bob  p\  this  bob  may  be  easily  made 
out  of  a  lead  shot,  secured  to  the  thread  by 
nicking,  inserting  the  thread  in  the  nick, 
and  closing  the  shot  with  a  hammer. 

The  illustration  shows  the  device  in  use, 
telling  the  draftsman  instantly  that  the  sur- 
face of  the  casting  against  which  the  device 
is  held  makes  an  angle  of  30°  with  the 
vertical. 
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DOTTED  SECTION  LINING. 

Cincinnati. 


SoiiB  YBAB8  ago  ft  well-known  firm  in  the 
East  with  whom  I  was  then  a  draftsman, 
adopted  the  following  plan :  Whenever,  in 
the  draftsman's  opinion,  an  assembled  draw- 
ing could  be  improved  by  putting  in  a  dotted 
outline  of  a  section  through  any  part,  and 
then  section -lining  with  dotted  lines,  he  was 
expected  to  make  this  addition.    The  sketch 

here  shows  the 
principle  of  the 
thing.  Many 
times  this  simple 
scheme  saves  the 
trouble  of  looking 
up  detail  draw- 
ings to  find  out 
an  inside  con- 
struction, and  I 
can  recommend 
the  idea  strongly 
to  draftsmen  and 
drafting  rooms 
generally.  It 
does  not  mar  the 
assembled  drawing — ^rather  adds  to  the  eflFect- 
iveness  of  it,  if  anything — and  it  adds  to 
the  value  of  the  drawing  to  the  draftsman, 
giving  as  it  does  a  clear  idea  of  the  general 
construction  of  the  machine  as  well  as  of  the 
mere  outside  appearance.  I  have  tried  many 
times  during  the  past  few  years  to  introduce 
this  idea,  but  only  in  one  instance  was  I 
successful ;  the  objection  to  it  seems  to  be 
that  it  is  an  innovation,  and  the  drafting 
room  being  naturally  conservative,  it  is  not 
acted  upon,  even  though  approved  in  princi- 
ple. I  think  this  is  a  pity,  because  judicious 
dotted  sectioning  at  least  doubles  the  practi- 
cal value  of  the  assembled  drawing.  In 
many  cases,  where  it  is  desirable  to  send 
drawings  to  a  prospective  customer,  one 
assembled  drawing  thus  "picked  out'*  with 
dotted  sections  answers  the  purpose  of  a 
bundle  of  ordinary  drawings. 

CLAMP  FOR  T  SQUARE. 

J.  P.  Pinne;/,  Rogers,  Ark. 

I  THINK  the  device  illustrated  herewith  is 
simple  and  easily  made,  and  forms  an  excel- 
lent clamp  for  temporarily  securing  T  square 
to  drawing  board  while  section  lining.  It 
consists  of  only  three  parts :  a  U  piece,  a 
clamping  lever,  and  a  connecting  pin  com- 
mon to  both.  In  the  sketch,  which  shows 
elevation  and  plan  of  the  device,  d  is  the 


drawing  board,  t  the  T  square,  e  the  U  piece, 
c  the  clamping  lever  with  one  forked  or 
biihrcated  end,  as  shown  in  the  plan,  and  a 
pin  the  hole  for  which  is  drilled  through 
both  while  the  lever  is  held  eccentricaUy ; 
2  is  a  strip  of  leather  glued  to  the  T  square, 
to  take  the  pinch.  To  clamp,  move  the 
lever  to  the  right  until  it  occupies  the  posi- 
tion    shown 


dotted    in   the 

sketch;      its 

eccentricity 

causes  it  to  press 

hard   on    the 

leather  strip, 

and  the  spring 

of  the  U  piece 

maintai  ns  a 

steady    and 

secure   grip  on 

the  T  square  and 

board,    holding 

them  firmly  together  while  section  lining  or 

some  similar  operation  is  done.    To  make 

this  clamp  I  took  4  inches  of  f  X  A'^  flat 

bar  iron  and  bent  it  into  the  U  piece ;  the 

lever  I  made  of  }-inch  material,  and  the  pin 

of  Hnch  steel  wire. 

DRAFTSMBNS'  SCALE  TILTER. 

Chat.  E.  Montgomery,  Bo$lon,  Mass. 

Thb  device  illustrated  in  the  accompany- 
ing figure  may  be  of  value  to  those  draftsmen 
who  use  the  flat  boxwood  scales  in  preference 
to  the  triangular  ones. 

It  is  difl&cult  to  find  a  flat  scale  that  has 


been  in  use  for  any  length  of  time  the  edges 
of  which  do  not  curl  upwards  ;  this  curling, 
shown  at  a  in  the  figure,  is  particularly 
noticeable  where  the  scale  is  fs^ceA  with  white 
celluloid,  as  many  of  the  best  are.  In  using 
such  a  scale  it  is  necessary  to  tip  up  one  edge 
in  order  to  bring  the  other  in  contact  with 
the  paper,  and  this  is  a  nuisance,  not  only 
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becanse  it  gives  the  left  hiuid  unnecessary 
work,  but  becsose  it  ie  almoet  impossible 
with  such  a  scale  to  lay  off  dimensioDB 
accnrately,  the  zero  point  being  more  likeljr 
than  not  to  slip  and  caose  the  wrong  dimen- 
rion  to  be  laid  off.  The  illustration  shows 
the  manner  in  which  this  difficulty  may  be 
obviated  ;  tl  is  a  circular  rod  of  hard  wood 
<rf  such  diameter  as  to  give  the  deeired  slant 
to  the  scale.  ( 1  used  a  piece  of  }-inch  birch 
dowel-pin.)  At  each  end  of  this  rod,  which 
should  be  a  trifle  longer  than  the  scale,  is 
attached,  by  means  of  two  brads  h,  a  link  { ; 
these  links  may  be  filed  out  of  brass  plate, 
say  1*1  inch  thick.  The  other  end  of  each 
link  is  pivoted  to  the  center  of  one  end  of 
the  scale  by  means  of  screw  t,  so  that  the 
whole  attadied  part  is  free  to  swing  and  to 
be  brought  under  either  edge  of  the  scale  at 
will.  With  this  device  attached,  the  edge 
of  the  scale  is  always  where  it  shonid  be — 
down  on  the  paper,  and  this  form  of  scale 
becomes  as  easy  to  pick  up  and  handle  as  its 
rival  the  triangular. 

AN  BHERQBHCY  STBAH  Bl^WER. 

Burton  B.  Pierce,  Vxbrldge,  Mati. 

In  MANY  power  plautB  there  are  sadden 
calls  for  a  greater  quantity  of  steam  than 
the  boiler  can  readily  fnmish,  but,  the  call 
being  for  only  a  small  part  of  the  run,  the 
fireman  is  left  to  "sweat  it  out"  as  best  be 
can.  The  following  simple  device  will  lud 
any  hard-poshed  fireman  in  getting  over  the 
peak  of  bis  load:   Take  j-inch  pipe  and 


make  a  single  coil  to  go  just  inside  the  riser 
from  the  boiler  to  the  chimney  and  com- 
pletely aronnd  it,  the  shape  corresponding 
to  that  of  the  smokepipe.    By  means  of  a  T 


connect  this  coil  to  a  pipe  passing  through 
the  side  of  the  smokepipe,  and  through  a 
valve  connect  this  to  the  steam  at  boiler 
preasura  Afl«r  the  coil  has  been  screwed 
up  tight,  drill  ^-inch  boles  all  the  way 
around  it,  about  2  inches  apart  and  at  such 
an  at^le  with  the  vertical  that  the  issuing 
jeta  of  steam  will  meet  in  a  poiot  about 
10  feet  above  the  coil.  This  can  be  readily 
attached,  and  is  to  be  used  as  occasion 
reqniree. 

BLBCTRIC  BUttOLAR  ALARM. 

Jadmont.  PhOOptdaU.  R.  I. 

The  schbmb  illuBlrated  here  is  not  exactly 
new,  but  it  is  a  good  one,  nevertbelees,  and 
is  not  generally  known. 

It  frequently  happens  that  we  wish  to  give 
our  bams,  hen  booses,  etc.,  some  kind  of 


protection  from  thieves,  and  while  we  may 
have  the  ability  to  install  a  common  electric- 
bell  sirangement,  the  plan  is  usually  r^ected 
as  unsatisfactory,  because  we  know  that  if 
the  wires  at«  cut  the  apparatus  will  be 
rendered  useless.  The  scheme  here  goes  a 
little  farther,  being  such  that  the  cutting  of 
the  wires  as  well  as  the  opening  of  a  door  or 
window  gives  the  alarm.  An  ordinary 
electric  hell  A  is  used  in  connection  with  an 
open-circoit  battery  B,  and  a  closed -circuit 
battery  0,  both  kinds  bang  necessary.  The 
open-circuit  battery  is  connected  to  the  bind- 
ing screws  in  the  ordioary  way,  except  that 
no  push  button  is  used,  the  circuit  being 
continuous.  The  closed-circuit  battery  is 
connected  to  the  alarm  connections  and  bell 
magnets,  and  when  the  alarm  is  set  by 
closing  the  switch  S,  we  have  a  continuous 
circuit  without  a  break. 

As  this  circuit  is  connected  only  to  the 
bell  ma>;net8,  it  holds  the  armature  away 
from  the  contact  screw.  Now,  when  a 
window  or  door  is  disturbed  or  a  wire  cut, 
the  closed  circuit  is  cendered  inoperative, 
and  this  allows  the  armature  to  spring  back 
and  strike  the  contact  screw,  thus  closing 
tbe  circuit  and  causing  the  bell  to  ring  until 
taken  care  of. 


TRADE   NOTES 


THE  STANDARD  WELDING  CO. 

We  have  been  advised  that  that  part  of 
the  business  of  The  Standard  Tool  Company, 
of  Cleveland,  Ohio,  concerning  seamless  steel 
tubing,  electric  welding  of  bicycle  parts, 
and  general  welding  has  been  transferred  to 
a  new  company  to  be  known  as  The  Standard 
Welding  Co.,  with  manufactory  and  offices 
at  practically  the  same  place  as  that  of  the 
first-named  concern.  The  new  company  has 
increased  its  facilities  for  turning  out  work 
promptly. 

In  the  latest  catalogue  of  The  Standard 
Tool  Company  just  received,  special  attention 
is  called  to  the  drill  illustrated  here.  The 
lubrication  tubes  are  fitted  to  connect  with  a 
hole  in  the  shank  of  the  drill.  The  oil  is 
forced  in  at  the  shank  and  flows  through 
the  tubes,  thus  giving  a  constant  supply  at 
the  cutting  edges.  This  drill  can  be  used  in 
screw  machines  or  any  machines  that  are 


instance,  for  staining  floors,  and  renovating 
old  woodwork  and  furniture,  especially 
wicker  and  porch  furniture.  It  is  sold  in 
cans  containing  from  i  pint  (25  cents)  to  1 
gallon  (12.50).  1  pint  will  give  2  coata  to  25 
square  feet  of  surface. 

Having  tried  this  new  wood  covering,  we 
can  speak  of  it  positively  as  the  best  and 
most  durable  finish  we  have  ever  seen  for 
either  hard  or  soft  wood. 


A  NEW  MAGAZINE  FOR  WHEELMEN. 


"  Elliott's  Magazine'*  is  the  name  of  a 
new  monthly  publication  with  which  will  be 
combined  the  present  weekly  **L.  A.  W, 
Bulletin  and  Good  Roads."  The  new  pub- 
lication, the  first  number  of  which  will  be 
the  August  issue,  will  retain  the  best  features 
of  the  **  Bulletin,'*  which  have  made  for  the 
latter  a  large  number  of  friends  in  all  parts 
of  the  country,  and  will  add  much  in  the 


fitted  to  give  supply  of  oil.  If  desired,  the 
inside  of  the  hole  in  shank  is  threaded  for 
pipe  connections.  The  makers  are  prepared 
to  supply  these  drills  in  all  sizes  from  |  inch 
up,  and  in  any  lengths. 


JAP-A-LAC. 

"  Jap-a-lac"  is  the  name  of  a  new  finish 
for  either  hard  or  soft  woods,  lately  intro- 
duced by  the  Glidden  Varnish  Company,  of 
Cleveland,  Ohio.  It  can  best  be  described 
as  a  quick-drying,  glossy,  transparent  stain. 
Its  absolute  transparency,  its  brilliant  gloss, 
and  its  great  durability  are  claimed  as  its 
chief  points  of  peculiar  merit.  Being 
transparent,  the  natural  grain  of  the  wood 
that  it  covers  remains  visible,  and  very 
beautiful  eflects  can  be  obtained.  It  is  made 
in  eight  colors :  walnut,  malachite  (a  rich 
green),  ox-blood,  black  (both  brilliant  and 
dead),  orange,  mahogany,  oak,  and  natural 
(for  use  where  it  is  not  desired  to  change  the 
natural  color  of  the  wood).  Jap-a-lac  is  also 
made  in  four  solid,  that  is,  non-transparent, 
colors  :  spruce,  drab,  yellow,  and  ivory.  It 
is  easy  to  apply,  dries  quickly,  and  is  useful 
in  a  variety  of  ways  about  the  house,  as,  for 


way  of  handsomely  illustrated  articles, 
stories,  and  special  features  of  contempora- 
neous interest.  It  will  be  placed  on  the 
news  stands.  Its  paid-in-advance  subscrip- 
tion list  will  start  with  over  60,000  namee. 
It  is  published  in  Boston,  Mass.;  editor. 
Sterling  Elliott. 

NEW  BOOKS  OF  INTEREST. 

Any  of  which  can  be  obtained  from  The  Techni- 
cal Supply  Co.,  Scranton,  Pa. 

*  *  Marine  Boilers.  *  *  Their  construction  and 
working,  dealing  more  especially  with  tubu- 
lar boilers.    L.  E.  Bertin.    $7.50. 

"  Mechanics  Applied  to  Engineering.**  J. 
Goodman.    $2.00. 

**A  Practical  Treatise  on  Modern  Gas  and 
Oil  Engines."    T.  Grover.    $2.00. 

"Engine-Room  Practice.**  A  handbook 
for  young  marine  engineers.  J.  G.  Liver- 
sidge.    $2.50. 

"A  Course  of  Practical  Chemistry."  M. 
M.  Pattison  Muir.     $1.50. 

"The  Steam  Engine  and  Gas  and  Oil 
Engines.**  A  book  for  the  use  of  students 
who  have  time  to  make  experiments  and 
calculations.    J.  Parry.    $3.25. 
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NoTC— ^ddrm  oJI  itOxri  cmUafntRfr  gaatioiH  lo  be 
uiuuervd  In  lAjf  d/jxtrtmeat  lo  Thi  Mbchahic  Abtb 
Uaoiumi,  aeranlon.  Pa. 

1.  PiU  Ml  addrea  both  on  Uie  tnvelope  and  ol  Oie 
litadqf  the  tetter. 

i.  Only  qvattont  qf  geTierat  inleregt  to  our  readen 
am  be  antwend. 

3.    Ho  quetUona  wiit  be  anawered  by  matl. 

L  Drawing  or  aketch^  aextrnvpanyiriQ  queatlsru  §/uniid 
be  made  on  a  teparoU  aAed  qf  T°V*^i  *^^  aAovId  be 
dratai  oi  deotiy  oi  poaatbie. 

S.  ne  nanea  and  addreaaea  of  the  wrUera  miul 
aeronpany  the  leltera.  or  no  attention  wtU  be  paid  to  Oiem. 
LTtle*a  otheryriae  requeaCed^  we  uiH  pubUaA  only  tbeiititiaU 
Olid  addrett  of  Hit  vrller. 

S,  SffereiKe  lo  inquMea  prevloutly  anmered  ihould 
glut  date  of  itaue  andwiBobet  tjf  queatUm, 

'.  Any  boot  not  out  of  prinl  and  for  lale  by  reexUar 
daalert  may  be  ordered  tHrcnigh  ttte  Magatiiiit. 


(154)    I  enclose  drawing  ahowl 


-  1,3S0  poimdg. 


Thla  li  but  a  ' 
tlut  wUl  come  < 
tncliided  betwee 


nail  frai 


tlS6)     Kindly  give  and  eipUln  the  principle  upon 
ich  the  teimiOC  (he  41vl8or  are  inverled. 

ff.  C.  N.,  OrangeTjnrg,  9.  C. 
AUB.— When  Iho  ftactlon  A  '«  divided  by  unity  the 
quotient  la  A-  But  If  the  unli  \a  separated  Into  Sfths 
and  one  oflheseflfthalilakenaadlvlsor,  the  quotient 
wUl  be  five  Hmei  aa  great  as  before ;  that  is,  A  divided 
by  1  U  equal  W  five  tlmea  A-  If  the  second  dlilBor  it 
multiplied  by  g  the  diilior  becomei  j,  and  the  quo- 
tlmt  will  be  one-thlid  of  the  quotient  In  the  second 


or  the  Dreboz  of  a  locomotlTe  boiler.    

the  drawing,  the  radios  of  the  arch  la  B  ft.  5|  In, ; 
thlckneaa  of  ibeet.  .47  iDCli.  of  steel  having  a  tenalle 
Btrengtb  of  from  ^DOO  to  60,000  pounds  per  aquare 
Inch.  Tba  crown  ban  are  of  wrought  iron ;  each  has 
thirteen  1-lnch-tUck  wuhen  between  It  and  the 
crown  sheet.  There  are  tome  auiliair  braces  lead- 
ing from  the  top  of  the  crown  bualo  theabellor  the 
boiler,  bat.  imapecUve  of  Iheie.  what  la  the  aostaln. 
log  value  of  one  of  these  ban  tboa  placed? 

H.  M.  L.,  Poltstown,  Pa. 
A«B.— Practically,  the  crown  bar  may  he  oonstdered 
aa  a  uniformly  loaded  simple  beam,  whose  span  li 
the  horliontal  distance  between  the  centers  of  tbe 


two  end  bearings  on  the  crown  sheet,  aboateo  inches. 
The  net  lectian  of  the  bar,  allowing  for  a  l-loch  rivet 
hole,  is  1  In.  X  21  in.  Aasamlng  the  safe  worUDg 
stren  to  be  12.000  ponndi  pet  square  Inch,  the  total 
nnifbrmlr  dlatrlboled  losd  that  It  will  safely  carry  Is 


cose.  Thus,  A  divided  by  |  Is  equal  lo  one-third  ol 
five  times  A.  which  Is  equal  to  |  of  ^r,  or  j  x  A-  That 
ls.A  +  l  =  |XA  =  AX|-  Theiameanalyalaapplles 
to  any  case  of  division  by  a  fraction  ;  thus,  we  get  the 
UBual  rule  fOr  division  of  fractions,  vis.,  Invert  the 
diTlsor  and  proceed  as  In  multiplication. 

(156)  (a)  Bow  woold  yon  go  about  It  to  set  the 
valves  on  a  double  enidno  nalng  Unite?  and  com- 
mon allde  valves?  [ft)  How  are  the  elxea  of  the  ports 
determined?  D.  B.  S.,  Columbus,  Ind. 

Anb.— (a|  Thefirstthinglato  finil  tbe  deed  centers  ; 
this  win  involve  moving  the  engine  around.  You  do 
not  say  whether  the  engine  la  a  atatlonary  one  or 
not ;  [f  It  la,  and  la  not  yet  coupled  up  lo  load,  you 
can  pull  the  flywheel  or  bondwheel  around  com- 
paratively eaally.  If  the  main  belt  la  ou,  do  not  take 
It  off  (especially  If  cemented  and  riveted|,but  torn 
tbe  engine  around  by  whatever  appliance  la  provided 
lOr  the  purpose.  If  nothing  better  offers,  you  can 
pinch  tbe  craaahead  along,  putting  in  blocks  of 
wood  between  the  guides  for  the  purpose.  To  And 
ntera.  atart  with  the  right  aide  first— It 
ter  which — and  pinch  tbe  engine  oronnd 
until  the  front  face  of  croBshead  wing  comes  to 
within  about  I  Inch  of  the  end  of  stroke  \  mark  the 
position  of  the  crasahead  on  the  guide.  Next,  get  a 
tram  with  one  or  both  ends  bent  L-ahaped,  according 
to  where  you  are  going  to  set  off  ttom.  Yon  can  use 
some  part  of  the  framing,  or  else  you  can  set  tbe 
tram  on  the  floor  Itself— whichever  is  convenient. 
Whether  yon  mark  off  on  the  edge  or  on  the  face,  it 
will  be  Bs  well  to  run  a  line  around  the  wheel,  using 
your  trama  and  working  trom  the  center  of  the  shaft 
In  the  flrst  case,  and  using  your 
hermaphrodites  In  tbe  second. 
(  Uake  the  arc  extend  a  foot  or 
two  on  each  side  of  tbe  point 
that  your  tram  will  touch  when 
the  crank  Is  on  the  center.  If 
you  are  using  the  edge  of  the 
belt  pulley  (or  bondwheel)  you 
need  not  do  the  above,  astheedge 
of  the  rim  will  be  quite  narrow. 
Having  marked  the  poaitlon  ol 


the  dead  a 


another  i 


scribe  a  line  on  tbe  wheel  rim  with  the  tram ;  It 
la  OS  well  to  set  the  tram  on  auch  a  point  of  sup- 
port OS  will  bring  It  tangential  to  the  wheel. 
Having  done  this,  turn  the  engine  around  over 
Oie  center  until  the  eroashea 
tbe   mark   on    the  guide   once 

the  tram,  Neit  Bnd  the  central 
two  iTam  marks,  and  set  the 
engine  so  that  the  tram  falls  on  that  point ;  you  will 
then  have  the  crank  on  the  dead  center.  A  neater 
and  more  workmatiUlie  proceeding  la  to  use  a  small 
tram  to  mark  the  crosshead  position  ;  set  one  end  on 
the  guide  block  or  stuSlngbox.  and  with  the  other 
scribe  on  the  stdc  face  of  the  crosshead  wing.  You 
must  look  out  for  lost  motion.  If  you  have  much 
play  ■  ■         ■  ■ 


d 

then  pinch  b. 

ck  until  the 

crotshead  Is 

on  the  11 

again.    Then 

act  with  the  w 

risipln  each  time.  Ifthere 

yokeo 

of  th 

same, 

or  els. 

lead  win  be 

affected.    H 

ving 

set  the 
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ANSWERS  TO  INQUIRIES. 


crank  od  the  Aront  center,  you  can  proceed  to  try  the 
yalyes  over.  Notch  the  engine  up  Into  her  usaal 
ninning  position,  and  see  what  port  opening  you 
have.  Then  set  the  engine  on  the  back  center  and 
see  what  the  opening  is  there.  Alter  your  eccentric- 
rod  or  valve-rod  length  (if  the  latter  is  adjustable) 
until  the  leads  are  equal ;  and  then  if  there  is  too 
much  lead  set  the  eccentric  back  towards  the  crank 
the  required  amount,  or  if  the  lead  is  too  little  set 
the  eccentric  away  Arom  the  crank.  If  a  rocker  is 
used  that  reverses  the  motion  of  the  valves  (as  in 
locomotives),  move  the  crank  in  the  opposite  direc- 
tion to  that  above  mentioned.  If,  however,  the 
rocker  has  its  fulcrum  at  one  end,  the  motion  of  the 
valve  is  not  reversed  and  the  first  instructions  hold. 
Some  people  prefer  to  equalize  the  cut-ofik  (You 
will  find  that  if  you  have  equalized  the  leads  as 
above,  the  cut-off  will  not  be  the  same  at  both  ends 
of  the  cylinder.)  Mark  a  point  on  the  guide  as  many 
inches  f^om  the  end  of  the  stroke  as  you  wish  to  cut 
off  at— say ,  12,  for  the  sake  of  illustration.  Then  turn 
the  engine  around  till  the  crosshead  is  opposite  that 
mark,  i.  e.,  has  moved  12  inches  trova.  the  end  of  the 
stroke,  and  pull  the  reverse  lever  up  till  the  ftont 
port  closes.  Then  try  the  other  end ;  perhaps  that 
may  be  cutting  off  at  111  inches ;  if  so,  you  must 
lengthen  the  fore  eccentric  rod,  or  shoKen  it  if  the 
reverse  rocker  is  in  use,  as  In  locomotives.  See  also 
that  the  engine  carries  her  steam  the  same  distance 
in  both  cylinders.  If  you  cannot  get  it  right  in  this 
respect,  see  whether  your  link  hangers  are  the  same 
length,  or  if  either  of  your  reverse  shaft  arms  is 
sprung ;  also,  see  if  the  valves  have  the  same  travel, 
and  the  same  amount  of  lap  on  corresponding  ends. 
As  regards  finding  the  dead  center,  you  can  use  your 
crosshead  tram,  and  keep  on  lightly  marking  the 
crosshead  as  it  nears  the  end  of  its  travel,  and  put  a 
prick  mark  on  the  last  line  thus  made  before  she 
begins  to  reverse.  That  will  tell  you,  in  the  future, 
when  you  are  at  the  end  of  the  stroke.  This  method 
is  often  followed ;  it  works  all  right  where  there  is  no 
lost  motion.  (5)  The  size  of  ports  depends  chiefly  on 
the  piston  speed,  the  matter  of  cut-off  not  entering 
largely  into  the  question,  because  although  with  a 
late  cut-off,  there  is  more  steam  to  be  got  rid  of,  yet 
the  exhaust  opening  will  then  be  both  larger  and 
of  longer  duration.  However,  you  can  use  the  fol- 
lowing proportion:  If  the  piston  speed  is  about 
200  feet  a  minute,  make  the  area  of  the  steam  port 
A  that  of  the  piston  ;  if  300  feet,  say,  ^ ;  and  for  600 
feet  about  ^.  We  assume,  as  you  say  nothing  to 
the  contrary,  that  you  are  dealing  with  stationary 
engines,  where  tbe  speed  is  predetermined  and  con- 
stant, and  also  that  the  same  port  is  used  both  for 
admission  and  exhaust.  Having  determined  the 
area  of  the  port,  you  next  fix  on  its  length.  You  can 
make  it  about  i  of  the  diameter  of  the  cylinder.  The 
length  determined,  the  width  follows.  A  steam  open- 
ing of  about }  to  I  of  the  port  width  will  suffice  for 
admission.  The  width  of  bridge  should  be  made 
about  the  same  as  the  thickness  of  cylinder.  It  may 
have  to  be  wider,  but  do  not  make  it  less,  or  your 
casting  will  not  be  as  good.  If,  when  the  links 
are  dropped  right  down,  there  is  considerable  over 
travel,  you  must  design  the  bridge  accordingly- 
leaving  a  margin  of  1  to  g  inch  between  the  steam 
edge  of  valve  and  the  edge  of  exhaust  port. 

♦  * 

(157)  Enclosed  sketch  represents  an  accumulator 
and  ram  for  oil  press.  The  accumulator  is  raised  bv  a 
hydraulic  pump ;  after  being  lifted  18  inches  it  trips 
a  valve,  wnen  oy  its  own  weight  it  forces  oil  to  the 
ram  cylinder.  Now,  if  there  is  a  pressure  of  4,000 
pounds  in  the  accumulator,  and  the  oil  is  trans- 
mitted through  a  1-inch  hydraulic  pipe  to  the  16-inch 
ram,  the  pressure  on  the  latter  should  be  4,000  pounds 


per  square  inch.  The  top  of  the  ram  is  31  inches 
long  by  12  inches  wide.  What  is  the  pressure  per 
square  inch  on  this  surface?  Make  the  above  clear 
to  me  by  means  of  simple  arithmetic. 

A.  H.,  Natchez,  Mias. 

Ans.— The  area  of  the  end  of  the  ram  against  which 
the  pressure  of  the  water  acts,  found  by  multiplying 
the  square  of  its  diameter  by  .7854,  Is  16^  x  .7854 
=  201  square  inches,  very  nearly.  Now,  if  the 
pressure  of  the  water  under  the  ram  is  4,000  pounds 
per  square  inch,  the  total  upward  force  acting  on 
the  ram  is  201  X  4,000  =  804,000  pounds.  A  certain 
part  of  this  force  must  be  used  in  balancing  the 
weight  of  the  ram  and  in  overcoming  the  ftictional 
resistances  of  the  ram  in  the  packing ;  the  remainder 
is  available  in  the  form  of  pressure  on  the  top  of  the 
ram.  We  will  assume  that  4,000  pounds  are  required 
to  overcome  the  weight  of  the  ram  and  its  friction ; 
the  total  force  available  at  the  top  then  becomes 
804,000  -  4,000  =  800,000  pounds.     If  this  fbrce  is 
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equally  distributed  over  the  top  of  the  ram,  the  pres- 
sure on  each  square  inch  of  the  top  will  be  800,000 
-k-  31  X  12  —  800,000  -£-  372  =  2,160  pounds,  nearly. 

* 

(158)  Have  you  ever  published  anything  in  which 
different  methods  of  lacing  belts  are  illustrated  and 
described?  If  not,  can  you  tell  me  where  I  can  get 
the  information?  W.  £.  £.,  Atlanta,  Ga. 

Ans.— The  information  is  given  in  a  small  book 
entitled  ''Little  Belting  Catechism,"  written  by 
Robert  Grimshaw,  M.  £.,  and  published  by  The 
Gutta-Percha  and  Rubber  Mfg.  Co.,  New  York,  N.  Y. 

* 
«  » 

(159)  The  writer  and  some  fViends  are  interested  in 
a  rich  farming  district  in  northwestern  Pennsylvania 
—Crawford  County,  etc.— where  the  crops  now  being 
raised  are  not  very  profitable,  and  we  are  looking 
around  for  something  new  for  the  district,  and  have 
in  mind  the  beet-migar  industry.  If  you  cannot 
vourselves  give  me  the  following  information,  per- 
haps vou  can  refer  me  to  some  one  that  can.  (a)  Is 
the  district  mentioned  climatically  suitable  for  grow- 
ing beets  ?  ({>)  What  is  the  smallest  plant  that  could  * 
be  run  on  a  paying  basis,  and  what  would  be  the 
approximate  cost?  (c)  Is  much  special  knowledge 
required  to  operate  such  a  plant,  and  how  long 
would  it  be  necessary  to  hire  skilled  labor,  and  at 
what  cost?  (d)  Who  manufactures  machinery  for 
the  beet-sugar  industry  ?  Any  other  information  wiU 
be  appreciated.  J.  O.  B.,  Aspinwall,  Pa. 

Ans.— (a)  Yes.  (6)  This  depends  on  a  great  num- 
ber of  conditions  unknown  to  us,  such  as  price  of 
labor,  railroad  freights,  cost  of  coal,  etc.,  so  that  we 
cannot  very  well  give  any  figures  as  to  putting  the 
plantonapa3ringbasis.  (c)  Ordinary  day  laborers  may 
be  employed ;  but  you  need  an  engineer  to  run  your 
steam  engine,  and  an  experienced  chemist  to  manag« 
the  plant,     (d)  Write  to  the  Oxynard  Constructloa 
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Co..  S2  Nassau  Street,  New  York  City,  or  to  K  M. 
Dyer  &  Co.,  New  EDgland  Building,  Cleyeland, 
Ohio.  The  Department  of  Agriculture,  at  Washing- 
ton, D.  C,  has  published  a  number  of  pamphlets  on 
the  cultivation  of  sugar  beets,  etc.,  which  you  can 
obtain  by  writing  to  the  Department. 

* 
*  * 

(160)  (a)  I  am  running  a  155-ton,  triple-expansion, 
Corliss- valve  pumping  engine.  On  top  of  the  boilers, 
to  keep  the  jackets  of  engine  tree  from,  water,  we 
have  an  improved  Albany  bucket  trap.  We  often 
have  trouble  with  our  engine  slowing  down,  and  the 
valves  do  not  drop  right.  I  think  this  is  all  on 
account  of  the  trap  not  working.  Kindly  tell  me 
how  I  am  to  know  wnen  the  trap  is  working.  Should 
there  not  be  a  glass  water  gauge  between  the  engine 
and  the  trap,  so  that  we  could  keep  the  water  at  a 
certain  level  all  the  time^-say,  2  feet  below  the 
jackets?  (b)  How  long  does  it  take  a  diligent  stu- 
dent to  complete  The  International  Correspondence 
Schools  course  in  Steam  Engineering? 

H.  B.  S.,  Broomfleld,  W.  Va. 
Ans.— (a)  It  is  not  very  clear  from  your  descrip- 
tion how  your  plant  is  arranged,  but  we  do  not 
think  the  trouble  you  mention  is  the  result  of  the 
failure  of  the  trap  to  work.  A  glass  water  gauge, 
placed  as  you  suggest,  would  show  whether  the 
water  is  being  properly  drained  from  the  Jackets.  A 
simpler  method  would  be  to  insert  a  small  test-cock 
in  the  pipe,  which  would  serve  the  same  purpose  as  a 
boiler  gauge-cock.  (&)  Students  who  have  a  good 
knowledge  of  arithmetic  before  beginning  the  course 
sometimes  complete  the  course  within  a  year.  Much 
depends  on  the  previous  amount  of  studying  the  stu- 
dent has  done  and  the  time  he  can  devote  to  his 
studies.  Those  who  attempt  to  go  through  the 
course  very  rapidly  often  fail  to  get  the  benefit  from 
it  that  they  should. 

( 161 )  Without  the  aid  of  trigonometry,  please  solve 
the  following  problems :  (a)  A  horse  is  tied  to  one 
comer  of  a  rectangular  barn  100  feet  by  50  feet,  at 
the  end  of  a  rope  100  feet  long ;  what  area  of  ground 
can  the  horse  graze  over?  (o)  A  horse  is  tied  to  the 
side  of  a  circular  shot  tower  that  is  100  feet  in  diam- 
eter, by  a  rope  100  feet  long ;  what  area  can  it  graze 
over?  (c)  Find  three  positive  integral  numbers,  the 
sum  of  whose  squares  is  a  square,  and  the  sum  of 
whose  cubes  is  a  cube.    F.  G.  E.,  Union  Bridge,  Md. 

Ans. — (a)  The  horse  can  graze  over  three-quarters 
of  a  circle  whose  radius  is  100  feet,  and  one-quarter 
of  a  circle  whose  radius  is  50  feet.  It  is  proved  by 
geometry  that  the  area  of  a  circle  is  found  approxi- 
mately by  multiplying  the  square  of  its  radius  by 
3.1416 ;  bence,  the  area  grazed  over  by  the  horse  is 
3.1416  [i(100«)  -f-  J(502)]  =  26,625  square  feet.  (6)  It 
can  be  proved  that  the  area  grazed  over  is 
100«  ^lOC^l 
2  ■•■  3X100j 
(c)  If  a,  &,  and  c  are  any  positive  integers,  then 
(a*  +  6*  —  c«),  2ac,  and  26c  are  three  positive  integers, 
the  sum  of  whose  squares  is  a  square  number,  and, 
by  giving  diligent  values  to  a,  b,  and  c,  we  can 
get  every  set  of  three  numbers  the  sum  of  whose 
squares  is  a  square  number.  Thus,  putting  a  =  2. 
6  =  3,  and  c  =  1,  we  have  cfl-{-b»  —  (fl  =  4  +  9  —  1 
=  12.  204:  =  4,  26c  =  6 ;  and  122  +  4«  +  6«  =  196  =  142. 
Again,  putting  o  =  1,  6  =  2,  c  =  2,  we  get  a»  +  62  — 
<«  =  1,  2ac  =  4, 26c  =  8 ;  and  1^  4-  42  4-  82  =  81  =  9«. 
In  this  way  you  can  find  as  many  numbers  as  you 
please  tliat  satisfy  the  first  condition,  and  if  you  con- 
tinue to  find  these  numbers  you  may  find  three  that 
Hitlsfy  the  second  condition  also.  It  is  easy  to  see 
that  1«  +  6»  -h  8'  =  9»,  and  3'  +  4*  +  58  --=  6^ ;  we  can 
find  as  many  of  these  sets  of  numbers  that  satisfy 
the  second  condition  as  we  please  from  the  forms 
— 1>» -f  34pfl -I- 168g»,  —  6i)>  —  34p7 -h  28q^,  and  9p3  +  70pg 
-f-  224^,  by  giving  to  p  and  q  any  values  whatever, 


3.1416 


[ 


=  29,041  square  feet. 


6 


J 


subject  only  to  the  restriction  that  p  shall  lie  between 
iq  and  —  4^.  For  example,  by  making  p  =  —  1,  and 
Q  =  + 1,  we  obtain  —j^+  Mpq  +  1689*  =  133,  —  6p« 
—  34i)</  +  28g«  =  56,and9p«  +  7()pg-|-224g«  =  163.  And 
188»  +  563  + 168»  =  190*.  We  do  not  know  whether 
there  is  a  set  of  three  numbers  that  fulfils  both  of 
the  required  conditions. 

*  ♦ 

(162)  (a)  Whv  is  alcohol  used  in  hydraulic  Jacks 
at  all  seasons  or  the  year?  (6)  What  is  the  compres- 
sive strength  of  a  double  channel  bar,  6-inch  standard 
steel  ?  (c)  What  is  the  resistance  to  buckling  of  a 
vertical  column  24  feet  long,  made  of  the  same 
channels?  C.  N.  C,  Newport  News,  Va. 

Ans.— (o)  There  are  three  reasons  for  the  use  of 
alcohol  in  hydraulic  jacks :  It  will  not  rust  the  parts 
with  which  it  comes  in  contact ;  it  will  not  freeze ; 
it  keeps  the  parts  clean.  (6  and  c)  Much  concision 
exists  with  regard  to  what  is  meant  by  the  term 
compressive  strength.  The  resistance  to  compression 
ofi'ered  by  any  material  varies  not  only  with  the 
nature  of  the  material,  but  also  with  the  size  and 
shape  of  the  specimen  tested.  For  short  specimens, 
approximating  cubes,  the  compressive,  or  crushing, 
strength  of  the  different  qualities  of  steels  varies 
frt>m  about  45,000  to  120,000  pounds  per  square  inch. 
For  rolled  shapes,  such  as  channel  bars,  the  lower 
limit  should  generally  be  used.  Two  of  the  lightest 
6-inch  standard  channels  rolled  by  the  Carnegie 
Steel  Company  have  an  aggre- 
gate sectional  area  of  4.75  square 
inches,  and  a  very  short  column 
composed  of  two  such  channels 
would  probably  have  an  ulti- 
mate resistance  to  compression 
of  4.76  X  45,000  =  213,750,  or  say, 
214,000  pounds.  The  resistance 
of  a  column  depends  not  only 
on  the  material  of  which  it  is 
composed,  but  also  on  the  ratio  of  its  length  to 
its  least  radius  of  gyration,  and  on  the  manner  in 
which  its  load  is  applied.  The  sqfe  resistance  of  a 
column  24  feet  long,  composed  of  two  of  the  lightest 
6-inch  channels,  assuming  the  column  to  be  flat- 
ended,  with  perfect  bearings,  and  its  load  to  be 
centrally  applied,  may  be  taken  equal  to 

4.75  X  12,000  ^^  ^^ 
1 2gg2  =  43,300  pounds. 

^  "'"  48^000  ^  2.3^ 

(163)  (a)  I  wanta  book  on  themanufactureof  pot- 
tery and  porcelain.  Can  you  tell  me  of  one?  (0)  I 
have  some  samples  of  clay,  kaolin,  etc.  that  I  want 
assayed.  Where  must  I  send  them  ?  Can  vou  tell  me 
of  a  good  assay  house  ?       J.  V.  R.,  Hidalgo.  Texas. 

Ans.— (a)  "The  Chemistry  of  Pottery,"  by  Carl 
Langenbeak,  for  sale  by  The  Technical  Supply  Co., 
Scranton,  Pa.  (6)  We  can  recommend  you  Irving 
Bachman,  Ph.  D.,  Allentown,  Pa. ;  Boston  Technical 
Testing  Laboratories,  Boston,  Mass.;  Dickman  & 
Mackenzie,  1224-1228  Rookery  Building,  Chicago,  III. 

* 

(164)  In  a  steam  engine  having  an  ordinary  0  slide 
valve,  driven  by  an  eccentric  on  the  crank-shaft, 
how  can  the  lead  and  the  point  of  cut-off  be  equal- 
ized? In  other  words,  with  equal  lead,  how  can  the 
point  of  cut-off  be  equalized? 

W.  H.  C,  Bar  Mills,  Me. 
Ans.— The  point  of  cut-off  can  be  equalized  and 
equal  leads  maintained  by  the  use  of  a  rocker  so 
arranged  as  to  neutralize  the  irregularities  of  the 
connecting-rod  at  the  points  of  cnt-off.  The  method 
of  procedure  is  as  follows :  First,  determine  from  the 
valve  diagram  the  travel,  lap,  angle  of  advance,  etc., 
for  one  end,  taking  account  of  the  connecting-rod. 
Next,  lay  out  a  diagram  as  in  the  figure,  where  ^  C  is 
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the  ftroke  of  the  crosahead,  DFBH  \b  the  cimnkpin 
circle,  and  hdfh  is  the  yalve  circle,  with  a  diameter 
in  this  case  imaller  than  the  travel  of  the  valve, 
because  of  the  multiplying  effect  of  the  rocker.  Cut- 
off 1b  to  take  place  at,  say,  |  stroke.  Crank  poaitionB 
corresponding  are  0  /'and  0  H,  and  we  will  let  crank 
positions  at  admission  be  OD  and  OB.  When  a 
direct-acting  rocker  is  used,  the  eccentric  must  be 
WP  plus  the  angle  of  advance  ahead  of  the  crank. 
In  the  figure,  eccentric  positions  Of  and  Oh  are  laid 
off  90<^  plus  the  angle  of  advance  (as  found  from  the 
diagram)  ahead  of  crank  positions  0  F  and  0 H.  In 
like  manner,  the  eccentric  positions  Od  and  Oh  are 
drawn  corresponding  to   the  points  of  admission. 


Stroke 


Now,  we  know  that  a  slide  valve  Is  in  the  same 
position  at  both  cut-off  and  admlBsion.  Hence,  with 
a  radius  equal  to  the  length  of  the  eccentric  rod,  and 
with  admission  points  and  cut-off  points  d  and  /as 
centers,  strike  arcs  d'  and  /'.  The  point  of  their 
intersection  will  be  the  point  at  which  the  eccentric- 
rod  pin  should  be  at  admission  and  cut-off  on  the 
forward  stroke.  Connecting  these  points  and  erect- 
ing a  perpendicular  half  way  between  them,  we  have 
the  central  position  of  one  arm  of  the  rocker.  The 
other  arm  KM  should  be  perpendicular  to  the  valve 
stem  at  the  central  position,  and  the  point  of  inter- 
section JTmust  be  chosen  so  as  to  make  the  two  lever 
arms  proportional  to  the  throw  of  the  eccentric  and 
the  travel  of  the  valve,  respectively.  By  methods 
similar  to  the  foregoing,  the  release  or  compression 
may  be  equalised.  Whenever,  for  any  purpose,  a 
rocker  is  used  that  either  increases  or  diminishes  the 
action  of  the  eccentric  on  the  valve,  the  valve's 
travel  is  to  be  used  instead  of  the  throw  of  the 
eccentric  for  all  calculations  and  constructions  con- 
nected with  the  valve  diagram,  as  lap,  lead,  or 
cut-off. 

(165)  In  the  early  stages  of  locomotive  develop- 
ment, a  motion  known  as  the  Dodge  wedge  motUm  was 
used  as  a  reversing  gear ;  please  explain  it. 

Palestine,  Texas. 

Ajra.— We  know  of  no  such  motion.  Perhaps  you 
allude  to  the  wedge  motion  introduced  in  England 
in  18S9  by  a  man  named  Dodds,  and  applied  to  inside- 
connected  engines.  In  this  motion  the  two  eccen- 
trics, one  for  each  valve,  were  placed  between  the 
two  cranks  as  usual,  and  in  between  them  was  a 
sliding  piece  (the  clutch  box)  which  moved  laterally 
along  the  shaft,  the  latter  being  squared  off  where 
the  clutch  box  worked  on  it  so  that  the  box  could 
not  slip  around.  This  clutch  box  was  embraced  by 
a  clutch  ring,  and  could  be  moved  along  the  shaft  by 
the  engineer.  It  carried  "wedge"  pieces,  which 
moved  to  and  fro  inside  the  eccentrics  as  the  box  was 
slid  along  this  shaft,  and,  being  set  at  an  angle 
with  the  latter,  caused  the  eccentrics  to  move  closer 
to,  or  farther  away  from,  the  shaft  center  as  required, 
thus  altering  the  throw  of  eccentrics  or  reversing  the 
engine  entirely.  The  aim  of  the  inventor  seems  to 
have  been  merely  to  secure  a  reversing  motion,  and 
not  expansive  working.    An  improved  form  of  this 


motion  was  used  on  one  of  the  Knglish  roads  (the 
North  Stafford  Railway)  ttom  1871  to  1880.  In  thii 
there  was  only  one  eccentric  for  the  two  gears ;  there 
were,  of  course,  two  eccentric  rods,  one  for  each 
valve,  but  they  were  driv^i  off  the  same  eccentric 
strap,  the  left  connection  being  made  by  means  of  a 
bell-crank  lever.  While  this  motion  was  aU  right 
theoretically,  yet  the  wedges  often  stuck  and  made 
it  difiQcult  or  impossible  for  the  engineer  to  handle 
his  engine.  This  finally  incurred  government  cen- 
sure, and  lead  to  its  abandonment.  Joy's  latest 
valve  gear  is  evidently  a  development  of  the  one 
under  consideration.  It  has  but  very  few  parts, 
thereby  saving  weight,  first  cost,  and  upkeep.    It 

does  not  require  re- 
verse lever,  reach  rod, 
reverse  shaft,  linkt, 
hangers,  or  rockers; 
there  Is  nothing  bat 
one  eccentric  and  rod 
B  for  each  valve,  the 
eocentric  rod  coupling 
direct  to  the  valve  stem 
guide— a  double-eje 
connection,  of  course. 
The  reversing  is  done 
by  fiuid  pressure.  This 
gear  also  gives  a  very  fine  steam  distribution.  It 
has  not  been  used  in  this  country  yet ;  in  fact,  we 
have  only  seen  it  applied  to  single  engines,  so  &r. 
It  could  not  readily  be  adapted  to  coupled  engines. 

« 
«  « 

(166)  How  can  I  repair  a  hard-rubber  developing 
tray,  the  side  of  which  is  cracked  for  about  4  inches? 
Can  I  put  on  a  patch  of  the  same  material,  and  how  7 

O.  D.  R.,  Qlenville,  Ohio. 
ANS.— dean  the  inside  of  the  cracked  surfkoe  with 
benzine  and  turpentine,  and  cement  a  piece  of  soft 
rubber  (such  as  elastic  bands  are  made  of)  over  the 
crack.  For  cement  use  the  preparation  with  which 
bicycle  tires  are  repaired,  or  dissolve  soft  rubber  in 
turpentine,  to  the  consistency  of  molasses. 

(167)  (a)  What  load  can  be  safely  carried  on  a 
vertical  column  16  ft.  4  in.  in  height,  and  made  of 
standard  9-inch  lap-welded  steel  pipe,  which  is  9 
inches  inside  diameter  and  9.68  outside  diameter? 
(5)  Please  show  how  the  ultimate  strength  of  such  a 
column,  loaded  vertically,  is  obtained. 

P.  B.,  Marietta,  Ohio. 

Ans.— (a)  The  total  load  P  that  can  be  carried 
safely  by  the  column,  if  applied  centrally  upon  it,  is 
given  by  the  formula 


P  = 


1  + 


<r 


(1) 


in  which  I  is  the  length  of  the  column,  k  is  the  radius 
of  gyration,* and  A  the  area  of  its  cross-section,  all  in 
inch  units;  S^  Is  the  permissible  compressive  stress 
per  square  inch  on  a  short  piece  of  the  material,  and 
n  is  a  numerical  coefficient  having  the  following 
values : 
For  columns  having 

two  square  ends,  ""•43000' 
one  square  and  one  round  end,  n  =  ^^^\ 

two  round  ends,  n  =   

The  area  of  the  cross-section  of  a  hollow  cylindrical 
column  is  given  by  the  formula 

A  =  .7854(i)«  -  d«), 
in  which  D  is  the  outer  and  d  the  inner  diameCer. 
Its  radius  of  gyration  Is  given  by  the  formula 
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-M94  TUh9 


,5fr^, 


«•— 


The  value  of  £;«  for  the  ordinary  structural  steel  may 
be  taken  at  about  12,000  pounds.  For  the  given 
column  we  have 

A  —  .7854(9.68^  —  »«)  =  9.98.  say  10,  inches ; 

ifl  =  A(9.68»  +  9«)  =  10.92; 

/«  =  184«  =  88,866. 

Considering  the  column  as  having  two  square  ends, 

fitting  their  bearings  perfectly,  and  substituting  these 

values  in  formula  (1),  we  get 

p  12.000X10  iio-rnniK 

P  =  j^  -~ -g^  -  112,7001b. 

"^  48,000  ^  10.92 

(b)  The  ultimate  strength  of  the  column  may  be 
estimated  by  substituting  for  S^  in  the  numerator  of 
formula  (1)  a  value  of  from  about  42,000  to  48,000 
pounds,  according  to  the  quality  of  the  steel.  Unless 
the  ends  of  the  column  are  very  accurately  finished 
and  fitted  to  their  bearings,  it  is  advisable  to  figure 
the  column  as  round-ended. 

♦ 

(168)  (a)  In  a  two-cycle  vertical  gas  engine  (see 
enclosed  sketch),  explosion  every  revolution,  dlam- 

eter  of  cylinder  4 

inches,  stroke  4  inches, 
what  should  be  the 
position  of  the  exhaust 
port  with  r^ation  to 
the  lowest  position  of 
the  top  of  the  piston? 
(b)  What  should  be  the 
poNBition  of  the  admis- 
sion port?  G.  L.  D., 
Beardstown,  ni. 

Ams.— (a)  The  ex- 
haust port  must  be 
slightly  above  the  pis- 
ton in  its  lowest  posi- 
tion. It  must  not  be 
too  high,  else  the  enter- 
ing charge  will  not 
only  drive  out  the 
exhaust,  but  will  pass 
out  itself  to  some 
extent.  On  the  other 
hand,  if  the  port  is  too 
low,  it  may  be  entirely 
covered  by  the  advan- 
cing piston  before  the 
charge  has  had  an 
opportunity  to  drive  out  the  exhaust  entirely.  (5) 
The  position  of  the  admission  port  is  not  of  partic- 
ular consequence.  The  arrangement  shown  in  the 
sketch  should  be  satisfactory. 

* 
*  * 

(169)  (a)  Explain  the  simplest  method  of  divid- 
ing the  circumference  of  a  circle  into  anv  number  of 
equal  iMtrts  without  the  help  of  a  pair  of  dividers ;  I 
want  to  use  the  method  for  marking  out  an  extra 
row  of  holes  in  a  milling-machine  dividing  head  disk, 
(b)  Give  formula  for  determining  the  angle  of  the 
teeth  of  a  worm-wheel,  so  that  I  may  know  how  far 
to  turn  it  for  the  single  cutter. 

H.  B.,  Philadelphia,  Pa. 
ANS.— (a)  You  will  find  a  table  of  multipliers  that 
will  enable  you  to  set  the  dividers  correctly,  so  as  to 
divide  any  circle  into  from  3  to  80  equal  parts,  in 
HoxK  Study  Magazine,  March,  1898,  Answers  to 
Inquiries,  No.  65.  This  will  probably  help  you  more 
than  any  geometrical  method,  for  the  very  good 
reaaon  that,  where  the  number  of  holes  is  odd,  as 
3,  5,  7,  9, 11, 18,  etc.,  no  geometrical  method  will  help 
j<m  ;  you  are  bound  to  use  the  dividers,  {b)  Divide 
the  lead  of  the  worm  by  the  pitch  circumference  of 
the  worm ;  the  result  is  the  tangent  of  the  angle 
of  the  worm-wheel  teeth.  From  this  tangent,  find 
what  the  angle  is  by  referring  to  your  table  of 
natural  trigonometrical  ftinctions. 


(170)  Having  received  six  subscriptions  of  various 
amounts  in  dollars  and  cents,  by  what  formula  can  I 
convert  them  into  English  money  with  accuracy? 
Give  each  of  the  following  amounts  in  English 
money:  948.45 ;  SOO.OO;  $61.21 ;  S40.00;  958.44  ;  9&.45. 
What  Is  the  total  in  English  pounds,  shillings,  and 


pence? 


8TUCK. 


tt 


An8.— The  English  standard  of  value  is  the  pound 
Bteriing;  there  is  no  English  coin  of  this  denomina- 
tion, but  its  value  is  represented  by  a  gold  coin 
called  a  sovereign.  The  sovereign  contains  113  grains 
of  pure  gold,  and  the  American  dollar  contains  23.22 
grains  of  pure  gold.    Therefore,  a  sovereign  Is  worth 

113 
iz^^z  dollars  ==  94.8666.    This  is  called  the  par  value 

of  a  sovereign,  or  the  par  of  exchange.    The  actual 

rate  of  exchange  varies  from  day  to  day,  and  can  be 

ascertained  only  from  the  reports  of  the  money 

market  or  by  reference  to  a  banker.    Assuming  the 

current  rate  of  exchange  to  be  94.86  for  a  pound,  we 

have  £    II      d 

4045:         *    !■.     w. 

9  48.45  =  £^„^    =    9    19      4| 


4.86 
.  00.00  =  .^~ 


9  61.21  =  £ 


61.21 
4.86 


12      6    11} 


=  12    11    11 


»*»■'«  =  *I^    =    8     4      71 


9  58.44  =  £ 


9  48.45  =  £ 


58^ 
4.86 
41M5 
4.86 


=  12      0      6 


=    9    19      4i 


»^»-«'  =  *  4:86  =  * 

* 
*    » 


2      84 


(171)  What  is  the  formula  for  finding  the  horse- 
power of  a  turbine  waterwheel? 

L.  L.  P.,  St.  Louis,  Mo. 

Ans.— There  is  no  general  formula  for  calculating 

the  horsepower  of  a  turbine  waterwheel  that  is  based 

on  the  dimensions  of  the  wheel ;  the  horsepower  of 

any  water  motor  is,  however,  given  by  the  formula 

H.  P.  =  C  ^J^-  =  .1136  CQ A, 
000 

in  which       Q  »  quantity  of  water  used  in  cubic  feet 

per  second ; 

h  =  available  head  or  fall  in  feet ; 

C  =  a  coefficient    that   represents  the 

efiQciency  of  the  motor. 

A  turbine  wheel  correctly  proportioned  for  its 

work  should  give  an  efficiency  of  75  per  cent.;  using 

this  value,  we  have 

H.  P.  =  .1136  x.7bXQh=  .0852  Qh. 

* 

(172)  (a)  Give  the  names  of  a  few  makers  of 

Sumps  and  engines  suitable  for  pumping  large  quan- 
ties  of  water  from  excavations,  (b)  where  can  I 
obtain  reliable  information  regarding  steam  boilers 
suitable  for  water- works  plants? 

A.  B.  C,  New  York  City. 

AN8.— (a)  The  Lawrence  Machine  Co.,  Lawrence, 
Mass.;  Baldwinsville  Centrifugal  Pump  Works, 
718-725  W.  Fayette  St.,  Syracuse,  N.  Y.;  Rumsey  <t 
Co.,  Seneca  Falls,  N.  Y.;  Joseph  Edwards  &  Co., 
414  Water  St..  New  York  City;  The  Pulsometer 
Steam  Pump  C^o.,  135  Greenwich  St.,  New  York  City. 
(5)  Any  good  type  of  boiler  is  suitable  for  water- 
works plants.  The  best  boiler  for  a  given  plant  will 
depend  largely  on  the  location  of  the  plant  and  the 
character  of  the  feed  water.  If  a  moderately  pure 
feedwater  is  available,  water-tube  boilers  will 
probably  give  satisfactory  results ;  if  the  water  con- 
tains large  quantities  of  mud  or  of  scale-forming 
impurities,  return-tubular  boilers  are  to  be  recom- 
mended. 


( 
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(173)    I  haye  a  steam  boiler  40  inches  in  diameter. 
Upon  this  I  wish  to  put  a  saddle  tank,  the  end  of 

which  must  have  an 
area  of  850  square 
Inches;  the  lower  part 
of  the    tank    is    to 
extend  6  inches  below 
the   center  of   the 
boiler,  as  indicated  on 
enclosed  sketch.  Give 
formula  for  determin- 
ing the  distance  of 
center  A  above  B. 
The  outer  diameter  of 
the  tank  may  be  struck 
to  an  even  radius,  as 
shown. 
M.  8.  T.,  Lima.  Ohio. 
Ans.  —  With  these 
data  the  problem  ad- 
mits of  more  than  one 
solution;   for  the  data  give  only  four  equations 
ftom   which   to  determine  Ave  unknown  quanti- 
ties.   Let  the  two  circles  intersect  in  the  points  D 
and  E.  Then  the  area  of  the  end  of  the  saddle  is  very 
nearly  equal  to  the  area  of  the  lune  DQEF. 
Let  »  =  areaof  luneXxyj?/*; 
r  =  BD  =»  radius  of  boiler ; 
X  —  AD  =  radius  of  saddle ; 
y  =  BC; 
z  ^  AB; 

m  «>  number  of  degrees  in  the  angle  DBE; 
n  a<  number  of  degrees  in  the  angle  DAE; 
V  —  ratloof  a  circumference  to  Its  diameter  = 
3.1416,  nearly. 
Then  the  area  s  Is  given  by  the  formula 

^/rt         *»*■   .  _.       ft\       *^/«         Wi""      _•      «\ 


xsin        =^  rsin  -^ 


y  —  rcos 


m^ 


1/  +  2 


X  cos  2- 


+  8in 

(1) 
(2) 

(3) 

(4) 


In  these  equations  we  are  given  r  —  20.  and  we 
may  take  «  =  area  of  end  of  saddle  =  850;  then,  we 
have  five  unknown  quantities,  m,  n,  x,  y,  and  z. 

In  order  to  get  a  solution  that  will  probably  suit 
your  problem,  we  assume 

y  ----  10. 

Then,  equation  (3)  gives  m  -=  120. 

By  trial  we  found  m  =  86  (nearly), 

which  gave  x    -  20.396, 

and  z  ^    8.574. 

That  is,  u4  X>  =  25.396",  AB  ^    8.574". 

This  value  of  .4  D  and  ^  B  gives  the  area  of  the 
lune  DQEF  tA  853  square  inches,  and  of  course 
the  actual  area  of  the  saddle  is  a  little  less  than  the 
area  of  the  lune. 

(174)  Is  it  possible  to  throw  a  baseball  in  such  a 
manner  that  the  ball  describes  a  curve  in  the  air, 
other  than  the  curve  due  to  the  effect  of  gravity?  It 
is  claimed  by  some  that  twirling  the  ball  in  different 
ways  makes  the  ball  curve  away  from  the  direction 
in  which  it  was  thrown.     A.  B.  A..  Richmond,  Va. 

Ans.— We  are  not  expert  pitchers,  but  we  know 
that  it  is  not  only  posftiNe  to  make  the  ball  curve,  but 
that  for  a  pitcher  to  be  successful  he  muM  be  able  to 
control  the  ball  in  this  manner.  The  curving  is 
directly  due  to  the  fact  that  the  resistance  of  the 
atmosphere  is  greater  against  the  side  of  the  ball 
that,  in  consequence  of  the  rotation  of  the  ball  on 
its  axis,  is  moving  in  the  same  general  direction  as 
the  ball  itself  is  traveling.  This  rotatary  effect 
is  considerably  increased  by  the  existence  of  slightly 


raised  seams  on  the  surface  of  the  ball.  There  Is 
nothing  wonderftil  about  the  curving  of  a  baseball ; 
indeed,  there  has  never  yet  been  discovered  a  fcnrm 
of  projectile  that  does  not  curve  more  or  less  from 
the  direction  in  which  it  is  thrown.  In  a  perfect 
vacuum,  a  body,  no  matter  what  the  shape,  would 
move  in  the  direction  of  projection,  the  only  curve 
being  that  due  to  gravity;  but  it  is  not  possible, 
practically,  to  make  a  body  that,  when  moving 
through  the  atmosphere,  will  not  curve  to  some 
extent  either  one  way  or  another;  this  is  because  it 
is  not  possible  to  make  a  perfectly  symmetrical  body, 
or  one  that  is  of  exactly  the  same  smoothness  all 
over,  and  because  the  motion  of  the  air  around  the 
body  is  irregular  and  beyond  control. 

«  * 

(175)  I  have  a  small  upright  steam  boiler  of  the 
following  dimensions :  Outsiae  diameter,  24  inches ; 
thickness  of  shell,  i  inch ;  height  fh>m  grate  to  top 
of  flues,  47  inches ;  number  of  flues,  31 ;  diameter  of 
flues,  2  inches;  length  of  flues  ftom  crown  sheet 
to  top  of  boiler,  29  inches ;  heiffht  of  firebox  over 
grate  oars,  18  inches :  width,  or  diameter,  of  firebox, 
20  inches.  The  firebox  has  a  2-inch  water  space 
around  it ;  the  flues  are  not  submerged,  (a)  Wnat  is 
the  horsepower  of  this  boiler?  (b)  what  horsepower 
engine  with  what  sise  cylinder  can  it  run  to  advan- 
tage? (c)  Where  can  I  get  unfinished  castings  and 
pi^  for  such  an  engine?  (d)  For  heating  private 
residences,  what  system  is  considered  the  most  eco- 
nomical as  regards  fuel  consumption,  when  homing 
wood— steam,  not  air,  or  hot  water?  And  which  of 
the  three  is  the  least  expensive  to  install?  (e)  Can 
you  recommend  a  practical  book  in  which  the  erec- 
tion of  heating  systems  is  explained? 

S.  G.,  Red  Lake  Falls,  Minn. 
Ans.— (a)  Four  horsepower.  (6)  Four  horsepower ; 
4"  X  6"  cylinder,  (c)  We  do  not  know  of  any  firm 
making  a  business  of  selling  unfinished  engine  parts 
except  such  as  are  suitable  for  models  only.  Perhaps 
if  you  write  to  makers  of  small  engines,  of  which  yon 
will  find  advertisements  in  trade  papers,  they  may 
accommodate  you.  (d)  We  should  consider  the  hot- 
water  heating  system  the  most  economical  when 
burning  wood,  although  the  hot-air  system  is  the 
least  expensive  one  to  install  for  small  residences. 
(«)  "American  Hot-Water  and  Steam-Heating  Prac- 
tice"; "Carpenter's  Heating  and  Ventilating  of 
Buildings,"  $3.00 ;  Baldwin's  " Steam  HeaUng,"  $2.50. 
These  books  can  be  obtained  fh>m  The  Technical 
Supply  Co.,  Scran  ton.  Pa. 

(176)  (a)  By  what  process  may  aluminum  castings 
be  polished  and  made  to  retain  their  brilliancy? 
(6)  Will  the  same  process  do  for  copper  castings  T  If 
not,  how  must  they  be  treated  ? 

L.  L.,  Paterson,  N..  J. 

Ans.- The  processes  are  much  the  same  for  each 
metal.    There  are,  broadly  speaking,  three  stages 
in  the  operation:     1,  Grinding,  or  emerying.     Buff 
wheels  covered  with  leather  are  used,  the  abrading 
material  being  coarse  emery  or  pumice.    2.  RvtbMng 
down.    Wheels  made  up  of  linen  or  woolen  raga  are 
used,  together  with  flour  emery  and  oil.    8.  PoHmhing, 
or  coloring.     Soft  rags  a^  now  employed,  togethi^ 
with  tripoli,  rouge,  rotten  stone,  crocus,  etc.     \¥lien 
the  articles  are  old  ones  that  have  become  tamistied, 
they  may  be  brightened  up  by  putting  them  in  a  bath 
of  potash  lye,  not  too  strong ;  or  an  emulsion  of  eqnstl 
^aJis  of  rum  and  olive  oil,  well  shaken  up,  noiay  be 
used.    Copper  articles  may  be  polished  by  using  a 
mixture  of  rotten  stone  (well  powdered  and  sifted), 
soft  soap,  and  oil  of  turpentine.    These  ingredients 
are  to  be  made  into  a  stiff  putty,  then  a  small-  quan- 
tity mixed  with  water  and  applied  with  a  dry  rag  or 
chamois  leather. 
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St  general  ti 


EUtbe dr&nlags of  Uiem ?    (c)  Wbatdo  you  consider 
"■ ■ "Tongear-loothUTOUUJ  _(d)  Whsllsths 


(1(7)  (a)  Howdo  p»tlernm«ter«iii»kethe  UyouW 
for  apDi  and  bevel  gean?  (b)  Given  Iwo  wooden 
{Htlemi  of  bevel  (tea™,  how  would  tou 

_., . .1__»    ...  ,^._..„,oue 

_.     (d)  WhL. 

.1  drawing? 

V.  G.  M.,  Cleveland,  Oblo. 

A-KB.— («]  For  an  excellent  metbod  of  laying  out 
nar-uioUi  proflles.  >ee  The  Mechanic  arts  Maua- 
OME.  April.  1899.  p«ge  127.  With  aligtit  variatloo  Ibe 
tune  melhod  can  be  used  for  bevel  geen.  but  for  tbe 
(eneral  layout  of  beyel  gear-teetb,  see  Horn  Study 
UioAEiNE.  September.  1897.  (b)  Take  u  accarate 
neuurementa  aa  posalble.  and  from  them  make  a 
drawing.  Yoa  miut  Brat  undentand  how  to  lay  out 
a  bevel  gear,  (c)  Qeorge  B.  Grant  haa  written  what 
li  probably  the  best  book  on  gearing;  bla  addreaa 
U  Leitngrton.  Maaa.  (if)  The  mechacdcal-drawiDg 
iDitrQclton  paper  of  The  Ihterhatiohal  Cokhe- 
E  SCHOOLS.  Scranton.  Pa. 


Ui  the  strength  and  dura- 


d  bonded  with  wire 


■ncbon  would  be 
better  and  cheaper 
if  Ibey  were  made  b> 
M  lo  be  square  acroM 

I    I  'tl    I 


I     !*■  I     !■ 


the  opening,  aa  in  Fig.  2.  The  wires  In  the  position 
shown  In  Fig.  l  give  the  wallj  a  chance  lo  buckle,  by 
reason  of  the  wire*  becoming  atraighc  under  stress. 


dlvlneTltDi.  son  of  Ihedivlne  Vespasian.  Vespasian 
August."  Id  good  Engllih,  the  sentence  may  be  ren- 
dered aa  follows :  "Senate  and  People  of  Rome,  to  the 
divine  Tinu,  aon  of  tbe  divine  Vespasian,  erected 
during  the  reign  of  the  noble  Veapaslan." 


,  '■l^ 


laUngtl; 


!rde*^bod 


Wllklnsbutg,  Pa. 
vppsr  cru^kConnector  is  used  between 
of  like  sign  in  the  case  of  loop-wound 
Each  circuit  through  the  armature  gen- 
eraies  current  and  requires  connection  to  the  eiler- 
Dal  circuit.  This  could  be  obtained  by  mnDlDg 
cables  from  all  the  bruab-holder  atuda.  but  It  Is  >im- 
plec  (o  make  one  cable  conneclioo  for  each  posi- 
tive and  nt^alive  main  lead  and  cross-connect  the 


w  many  degrees  d^ 

.'rated"in~lhB'May'n 

nMAQAZiNE?  What  la  the  meaning 
—  H.^  „K—i- .  .. .-)  was  emperor  of  Rome  at  the  time 
tbe  arch  waa  boll  t  T         L.  C.  P.,  Fort  FairBeld,  Me. 

AMa.-(a)  About  12°  '23'  neat  decIlDalion.  W  lo- 
cnashig.  (c)  The  yearly,  or  secular,  change  In  the 
declination  of  the  needle  la  not  the  aame  In  all 
locaUUes,  and  la  not  oonatant  far  a  given  locality. 
The  variation  of  the  yearly  change  for  a  given 
locality,  howevet.  la  very  slow  and  gradual.  Tbe 
BTSrage  yearly  change  for  dllTeretil  localities  In  tbe 
United  States  Is  about  (somenhat  less  than)  four 
minDtta.  Id)  Owing  to  the  peculiarities  of  the  gram- 
mar of  the  ancient  Latin  language,  a  literal  transla- 
tion of  this  inscription  cannot  be  easily  rendered. 
The  words  mean  "Senate,  People,  and  Romans,  to  tbe 


plate  should  be  m^id  for  determining  th^  ,^„  ,^- 
a  and  b  in  Fig.  37  (b)  To  which  clan  would  the 
Blake  dry  plate  (25i)  belong,  In  the  Isble  of  plates 
given?     \c)  To  which  class,   the  Stanley  (Benailo- 


accordlng  to  the  table.  (A)  The  Blake  2fi  i  dry  plate 
was  not  regularly  tested  with  the  other  brands  men- 
tioned, but  according  to  Its  senallomer  mark  would 
probably  be  classed  in  column  IJ  of  table.  <c)  Tbe 
Stanley  60  belongs  in  column  1. 

(182)  Kindly  give  formula  for  solfler  for  soldering 
brass  lo  aluminum.  W.  V.  L..  Bristol.  Fa. 

Axe.— Novel's  solder  for  aluminum  bronze  Is 
claimed  lo  be  suitable  for  joining  aluminum  to  cop- 
per, zinc,  bran.  iron,  or  nickel.    The  formula  is : 

'nn SOOparta 

Copper  too  parts 

Bismuth 2loSpartB 

It  is  asserted  that  surfaeea  of  aluminum  may  be 
soldered  to  each  other  and  lo  other  metallic  surnuiea 
by  using  stiver  chloride  as  a  Qui  in  conjunction  with 
ordinary  solder.  See  SclentlBc  American  Clyclo- 
pediaof  Recelpta,  page  702. 

(1S3)  I  am  wiring  a  house  for  Incandeacent  lights ; 
the  houae  has  eight  rooms:  I  am  going  to  use  (he 
llO-volt  alternating  current  from  the  dty  supply 
main.  |a|  What  size  wire  must  I  use?  |t»  ShaH  I 
uae  theaamesizethroughout  the  eight  rooms?  (c)  I 
iolend  to  put  in  a  alcp-duwn  transformer  and  a 
meter  ;  where  should  they  be  placed? 

C.  H.  B..  Ohio. 

AKS.— (a  and  b)  Use  No.  12  B.  &  S.  for  your  mains, 
and  No.  14  B.  ill  S.  for  tiranch  circulta.  (c)  Place  the 
transformer  on  talde  of  Uie  building,  on  the  side  of  the 
houae  or  on  the  pole.  Place  the  meter  inside,  where 
the  wliea  enter  the  building. 

(1st)  1  have  a  l-borsepower  scriea-wound  fan 
motor  that  I  built  myself.  It  is  run  by  six  cells  of 
bichromate  plunge  battery.  The  field  magnets  are 
wound  with  three  layere  of  No.  10  doable  colton- 
covered  magnet  wire,  and  the  armature  has  eight 
coila  wound  with  No.  le  double  cotton-covered  mag- 
net wire,  there  being  one  layer  of  seven  turns  to  each 
coll.  and  the  last  four  coils  laying  over  the  Qrsl  four, 
thus  making  two  layers  of  wire  in  each  groove, 
la)  What  size  wire  and  how  many  turns  shall  1  use 
to  rewind  the  motor  so  that  it  wUl  run  in  series  wllb 


volt  In 


Itdlrec 


It  clreuil?    (6)  What  size  a 

imectltdlrect?  (c)  Would  1  obtain  better  results 
[  used  tbe  return  current  from  a  number  of  lamps 
nnected  in  parallel?    Id)  t  have  a  lO-horsepouer 


Insc 


))  It  w 


(o)  You  can  run  the  motor  by  connecting  It 
with  a  suitable  number  of  lamps  in  parallel. 


uldbi 


e  No.? 


in  the  motor  dlrecUy  Trom  tl 
this  would  not  bs  satisfactory,  because  there 
a  BuQlclent  numberof  commutator  segments  I 
a  high  voltage,  and  you  would  have  desi 
sparking.  {<:)  Yes.  |(l>  If  (he  lame  Held  we: 
the  speed  would  be  about  one-Dllh. 
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(185)  (a)  What  is  the  value  of  500  wrought-iron 
TOQB,  9  feet  long  and  li  inches  in  diameter,  at  the 
rate  of  163.88  a  ton  of  2,000  pounds?  (5)  Eliminate 
9  ttom 

X  COB 9 -{-y  tine  =  I.  (1) 

x"  cos  0  +_/  sin  tf  =  1.  (2) 

H.  £.  B.,  N.  Windham,  Conn. 

AN8.— (a)  The  number  of  cubic  inches  of  iron  in 
the  rods  is  500  X 108  X  3.1416  X  (.fi25«) ;  and,  if  we 
assume  that  wrought  iron  weighs  480  pounds  per 
cubic  foot,  which  is  equivalent  to  ^^  pound  per 
cubic  inch,  we  get  the  number  of  pounds  of  iron  to 
be  500  X 108  X  8.1416  X  ( .625*)  X  ^s%.    But  the  price  is 

;r-j^  dollars  per  pound ;  therefore,  the  value  of  the 

iron  ro^  is 

500  X 108  X  3.1416  X  (.625«)  X  j^  X -^  =  »582.89. 

(6)  Muiaplying(l)byy', 

xj/  oos^  +  yy'sin  •  —  y'. 
Multiplying  (2)  by  y. 

xf  y  cos  9  +  y  y*  sin  tf  =  y. 
Subtracting  (4)  ftom  (8). 

ixy'  —  xfy)  costf  =  y'  —  y. 
Similarly,  (xj/  — x' y)  sin  tf  =  a;  — x'. 
Squaring  both  members  of  (5), 

{xy'-xfy)*QOt^9  =  (y'-y)*. 
Squaring  both  members  of  (6), 

(xy'-yy)  sin*  tf  =  {x  -xf)\ 
Adding  (8)  to  (7), 

(xy'-x'y)«[cos«#  +  sinM]  =  (y'-y)«  +  (j-     y)*. 
Therefore, 

(^y'-^y)^  =  (y-y')«  +  (i--  x')«. 

* 

(166)  (a)  Did  you  ever  know  of  a  case  where  the 
side  walls  of  a  boiler  setting  were  made  with  a  flue 
—one  on  each  side— running  back  and  forth  hori- 
zontally and  lengthwise,  ana  through  which  the  air 
for  the  fire  had  to  go  on  its  way  to  the  fire,  and  thus 
be  heated  and  auo  Improve  the  draft?  Of  course 
these  flues  would  be  made  of  piping.  (6)  Do  you 
think  such  an  arrangement  would  oe  any  good? 

W.  T.  C,  New  Castle. 

An8.— (a  and  6)  We  are  not  acquainted  with  any 
such  arrangement,  and  do  not  care  to  pass  an 
opinion  on  its  merits. 

(187)  (a)  What  should  be  the  dimensions  of  an 
oak  axle  to  carry  2,500pounds,  the  length  between 
wheels  being  5  feet?  what,  if  the  axle  is  made  of 
steel?  (b)  Do  you  know  of  any  books  on  well  drill- 
ing,  or  any  magazines  published  for  well  drillers? 

J.  F.  L.,  Steinbach,  Man.,  Can. 

Ans.— (a)  The  axle  is  subjected  to  the  greatest 
bending  moment  when  its  total  load  is  concentrated 
upon  a  section  midway  between  its  wheels.  The 
bending  moment  Jfb  i>  then  given  by  the  formula 


(3) 

(4) 

(5) 
(6) 

(7) 

(8) 


Afs   - 


Wl 


in  which  W  is  the  total  load,  and  /  is  the  length  of 
the  axle  between  supports.  Assuming  this  extreme 
condition  in  the  ]Sresent  case  and  applying  this 
formula,  we  shall  have  for  the  bending  moment. 


JTk  - 


2.500  X  5  X  12 


=  37,500  inch-pounds. 


For   a   beam   of  rectangular   cross-section,   the 
moment  of  resistance  M^  is  given  by  the  formula 

^r   =        g       , 

in  which  6  ~  width  of  cross-section ; 

d  =  depth  of  cross-section ;  and 
S  —  permissible  value  of  the  extreme  fiber 
stress. 
For  white  oak,  S  may  have  a  value  of  1,000  pounds 
per  square  Inch.    Using  this  value  for  5,  assuming 


6  =  j  d,  and  writing  the  moment  of  resistance  equsl 
to  the  bending  moment,  we  have 

O 

d  =  #^300  =  6.69: 
6  -=  I  X  6.69  =  5. 
A  white-oak  axle  5  in.  x  6}  in.  will  therefore  give 
the  required  strength.  For  rolled  steel  of  the  quality 
commonly  known  as  mtdium  iUti,  the  value  of  S  may 
be  taken  at  15,000  pounds  per  square  inch.  UsiDg 
this  value,  assuming  the  cross-section  of  the  axle  to 
be  square,  so  that  b  =  d,  and  writing  M,  equal  to  M^, 
we  have 

•*••«»  "^  =  37.500: 
6 

d  =  ^15  =  2.47. 
Consequently,  an  axle  2|  inches  square,  composed 
of  medium  steel,  will  give  the  required  sti^igth. 
(b)  We  know  of  no  book  on  well  drilling  nor  maga- 
zine published  for  well  drillers.  You  will  find  con- 
siderable information  on  this  subject  in  a  book 
enUUed  **  Wells  and  Well  Sinking,"  by  Swindell  and 
Burnell,  price  50  cents ;  for  sale  by  The  Technical 
Supply  Co.,  Scranton,  Pa.;  also  in  The  Mechaihc 
Arts  Magazine,  April,  1899,  article  entitled  **  Water 
Supply  and  Artesian  Wells." 

* 
«  « 

(188)    Will  you  kindly  work  out  and  explain  the 
enclosed  diagram  ?   The  engine  is  a  simple  Fahling 
load,  electric-lighting  plant  of  450  amperes,  and  cash 


MMAD  mm 


A-u  Lurm  or  atuobt, 
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railway  requiring  7  horsepower;  revolutions  per 
minute,  100 ;  piston  diameter,  18  inches ;  piston  stroke. 
86  inches ;  piston  speed,  600  feet  per  second ;  pis- 
ton area,  254.5  square  inches;  engine  constant,  4.62: 
scale  of  spring,  50 :  boiler  pressure,  70  pounds  xauge ; 
exhaust  Into  heating  system  of  large  6-story  building. 
Also  give  your  criticisms  of  the  eingine. 

J.  D.,  Washington.  D.  C. 

Ans.— By  measurement  with  a  planimeter,  the  area 

of  the  head-end  diagram  is  1.76  sq.  in.  and  that  of  the 

crank-end  diagram  is  1.92  sq.  in.     The  lengrth  of 

the  diagram  is  4.2  inches.    Hence,  the  M.  E.  P.  for  the 

head-end  is  — ^^  ^  =  20.95  lb.  per  sq.  in.,  and  that 

1  92  X  50 
for  the  crank-end  is  -^— t^~  —  ^^  ^^*  P^  **l*  *"• 

Using  your  engine  constant  (4.62),  the  horsepowo' 
developed  in  the  head-end  is  20.95  X  4.62  =  96.79,  and 
that  in  the  crank-end  is  22.86  X  4.62  =>  105.62.  The 
total  horsepower  is,  therefore,  96.79  +  106.62  =  202.41. 
We  see  nothing  about  the  diagrams  to  demand  special 
explanation  or  criticism,  with  the  possible  exception 
that  the  work  is  not  quite  equalised  between  the 
head-end  and  the  crank-end. 

*  « 

(189)  (a)  What  is  the  formula  to  find  the  number 
of  hours  in  the  year  that  the  sun  is  below  the  hoiiaon  ? 
(b)  Is  the  total  number  of  hours  that  the  sun  is  below 
the  horizon  the  same  for  every  year?  (c)  With  a 
clear  sky,  for  how  many  nights  in  a  lunar  month  is 
the  liffht  from  the  moon  equal  to  .03  candlepower  at 
1  foot?  SoMBBSST.  Winnipeg. 

AN8.— Too  much  time  and  labor  would  be  required 
to  investigate  and  answer  your  questions  ftilly. 
Would  advise  you  to  write  to  the  editor  of  "The 
Astronomical  Journal,"  Cambridge,  Mass. 


THE  POWER  OF  HABIT. 


FEW  things  can  be  more  humiliating  than 
the  consciousness  of  possessing  a  college 
diploma  that  means  nothing  in  practical 
life ;  of  having  passed  one's  examinations  in 
a  parrot-like  way  ;  of  being  looked  upon  as 
an  educated  man,  and  yet  as  having  no 
ability  ;  or  of  being  so  unreserved  as  to  tell  all 
one  knows.  Nobody  has  confidence  in  the 
man  without  reserve,  and  he  cannot,  of  course, 
believe  in  himself.  A  single  speech  exhausts 
him ;  the  slightest  emergency  pumps  him 
dry ;  he  is  in  constant  fear  1^  the  ilightest 
mistake  may  uncover  his  shallowness  and 
expose  his  emptiness. 

Not  least  among  our  forces  in  reserve  are 
those  which  come  from  that  ^'facility  and 
inclination,  acquired  by  repetition,''  which 
we  call  habit 

Habit  is  defined  as  the  tendency  or  incli- 
nation toward  an  action  or  condition,  which, 
by  repetition,  has  become  easy,  spontaneous, 
or  even  unconscious.  Thought  itself  is 
governed  by  habit 

How  is  thought  governed  by  habit?  Every 
man  has  two  kinds  of  opinions,  one  kind 
consisting  of  logical  conclusions  that  are 
the  result  of  thought,  while  the  other  kind 
consists  of  opinions  that  are  merely  the 
result  of  habit  The  majority  of  our  opinions 
are  of  this  last  character.  We,  ourselves, 
call  them  our  "views"— other  people  call 
them  our  "prejudices."  Most  of  what  we 
call  "thinking"  on  every-day  occurrences 
of  life  is  little  more  than  a  mechanical 
adjustment  of  our  miiAls  to  our  environ- 
ment There  is  a  strong  tendency  in  us  all 
to  accept  what  seems  inevitable  as  right. 
This  applies  to  most  of  our  ideas  about  the 
conventionalities  of  life,  but  it  also  applies 
to  more  important  matters.  Fifty  years  ago 
everybody  in  the  South  and  almost  every- 
body in  the  North  defended  slavery.  The 
conviction  was  not  a  logical  conclusion — it 
was  a  habit  Slavery  had  always  existed, 
and  our  thinking  was  adjusted  to  it;  it 
therefore  seemed  a  part  of  the  Divine  plan. 
Our  thinking  is  at  present  adjusted  to  the 
wide  existence  of  poverty  in  the  world. 
Some  people  think  that  this  is  not  an 
intelligent  conviction,  but  a  habit  of  thought 
which  we  may  get  rid  of  some  day. 


If  you  wish  to  change  a  man's  opinion  on 
any  subject,  the  first  thing  to  do  is  to  find 
out  whether  that  particular  opinion  is  a 
logical  conclusion  with  him  or  an  opinion 
formed  from  habit.  If  it  is  a  logical'  con- 
clusion, you  can  change  it  by  argument ;  but 
if  it  is  a  mere  habit,  argument  will  only 
irritate  him  and  make  him  stubborn.  You 
must  give  him  a  chance  to  outgrow  it.  As 
we  grow  older  we  form  many  such  habits, 
which  constitute  a  kind  of  "mechanism  of 
thought."  After  that,  when  a  new  propo- 
sition is  presented,  the  first  question  is  not 
"  Is  it  true?  "  but,  "  Does  it  accord  with  my 
views?"  If  it  fits  into  our  mechanism  of 
thinking,  we  accept  it ;  if  it  does  not,  we 
reject  it.  In  this  way  most  of  us  crystallize 
at  about  forty  and  fossilize  at  about  sixty 
years  of  age.  Great  minds,  however,  remain 
plastic  until  extreme  old  age.  Gladstones 
and  Beechers  never  fossilize. 

Any  occupation  is,  in  general,  however, 
easiest  to  him  that  has  familiarized  himself 
with  its  processes  by  repeated  practice,  and 
he  that  has  become  familiar  with  those 
processes  is  most  likely  to  succeed  therein. 
As  men  acquire  greater  and  greater  skill  in 
the  various  trades  or  professions,  it  becomes 
more  and  more  difficult  for  one  to  do  many 
kinds  of  work  in  a  satisfactory  manner,  in 
competition  with  others. 

Jacks  of  all  trades  are  gradually  becoming 
scarcer  as  we  advance  in  civilization.  We 
must  concentrate  our  energies  to  definite 
purposes  in  proportion  as  we  wish  to  excel. 
"  I  have  but  one  lamp  by  which  my  feet  are 
guided,"  said  Patrick  Henry,  "and  that  is 
the  lamp  of  experience." 

It  is  experience  that  teaches  individuality. 
No  man  is  genuine  who  is  forever  trying 
to  pattern  his  life  after  the  lives  of  other 
people.  But  individuality  is  by  no  means  the 
same  as  genuineness.  Individuality  may  be 
associated  with  the  most  extreme  and  ridicu- 
lous eccentricity.  Genuineness  is  always 
wholesome,  balanced,  touched  by  dignity 
and  strengthened  by  the  lessons  of  salutary 
experience.  That  character  is  genuine  which 
is  built  by  nature,  improved  by  habit,  and 
rests  upon  the  unseverable  foundations  of 
independence  and  courage. 
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DUST  ON  THE  KEY. 


COST  IS  THE  LAV  OF  EDUCATION. 


WORK  done  is  always  energy  expended. 
All  the  operations  of  nature,  from  the 
growth  of  a  grass  blade  to  the  burning 
of  a  star,  are  carried  on  at  the  expense  of 
energy.  On  the  farm,  the  products  of  the 
soil  cost  much.  Nature  herself  will  not  fill 
the  bam.  Virtue  must  go  out  of  human 
brains  and  hands,  and  mix  with  her  ele- 
ments, and  then  the  hills  will  wave  with 
wheat  and  the  valleys  rustle  with  corn. 
The  chief  difference  between  the  savage 
and  the  civilized  man  is  that  the  savage 
puts  nothing  into  nature  and  gets  out  only 
what  he  can  pick  up ;  and  civilized  man 
puts  virtue — his  own  power  and  skill — ^into 
nature  and  gets  out  an  abundance.  In  the 
factory,  the  piece  of  furniture  or  a  web 
of  cloth,  costs  the  combined  skill  and  toil  of 
many  hands.  In  the  artist's  studio,  the  pic- 
ture costs  intense  thought  and  patient  effort. 

Commerce  is  the  exchange  of  things  that 
have  cost  something.  A  thing  may  be  highly 
useful,  but  if  it  has  cost  nothing  in  human 
skill  and  toil,  it  has  no  market  value.  Air  is 
useful,  but  no  one  can  sell  it  because  no  one 
has  put  any  virtue  in  it.  Much  of  the  dis- 
honesty and  crime  in  the  world  grows  out  of 
the  effort  to  escape  this  law  of  cost.  Theft, 
cheating,  fraud,  speculation,  are  means  by 
which  men  try  to  get  money  without  letting 
any  virtue  go  out  of  them.  The  standing 
problem  with  many  is  how  to  turn  one  dol- 
lar into  five  without  perspiration. 

Cost  is  the  law  of  education.  The  mind 
grows  only  by  exercise.  Reason,  memory, 
imagination,  and  will  must  be  aroused  and 
concentrated  on  the  objects  of  thought; 
and  when  virtue  has  gone  out  of  the  mind, 
the  hidden  language  will  grow  luminous, 
the  complex  problem  will  be  solved.  Any 
system  that  lets  the  student  slip  through 
without  cost,  is  a  method  of  education  that 
does  not  educate. 


DUST  ON  THE  KEY* 


SOMETHING  was  wrong  mth  a  great 
organ.  One  of  the  keys  refused  to 
sound.  Strike  as  hard  as  he  might,  no 
response  came  to  the  ear  of  the  organist. 
In  the  grand  symphony  all  was  perfect 
except  that  one  note ;  and  the  break  caused 
by  that  one  missing  note  was  enough  to  mar 
the  beauty  of  the  entire  production. 

The  organist  sent  for  a  skilled  workman 
from  the  manufactory.  Carefully  he  opened 
the   wonderful   instrument   until   he   had 


reached  the  silent  reed.  Drawing  it  from  its 
place,  he  held  it  up  to  the  light  No  d'efect 
was  to  be  seen  in  the  metallic  plate.  The 
tongue  was  in  its  place  in  the  slot  prepared 
for  it.  But  as  the  light  fell  through  the 
opening  occupied  by  the  vibrating  tongue, 
the  ke^n  eye  of  the  mechanic  detected  a 
single  atom  of  dust  With  an  instrument 
sharply  pointed  like  a  pencil  he  pushed  the 
atom  aside,  wiped  the  reed  gently,  pushed  it 
into  place,  again  tried  the  key,  and  once 
more  the  note  responded  clear  as  the  tones 
of  a  fiute.  The  speck  of  dust  had  caused  all 
the  trouble.  It  was  not  necessary  to  drive  a 
wedge  between  the  tongue  of  the  reed  and 
the  plate  that  held  it,  nfc  to  strike  it  heavily 
with  a  hammer.  JustLthat  little  mote  was 
sufiicient  to  spoil  the  n^ic. 

If  the  lives  of  people  that  never  amount  to 
much,  or  that  fail  to^ly,  are  subjected  to 
analysis,  we  find  tj^at  their  inefiSciency  is 
usually  due  to  sonre  little  weakness,  some 
lack  of  knowledge,  some  absence  of  skill 
that  might  easily  enough,  perhaps,  have 
been  remedied.    One  boy,  for  instance,  fails 
to  get  a  position,  or  to  rise  to  a  higher  one, 
because  of  uncouthness — ^utter  lack  of  cour- 
tesy or  politeness.    Gruff  and  disagreeable 
in  his  manners,  no  one  likes  him,  and  he 
never  gets  on.    Unconscious  of  the  cause  of 
his  failure,  he  becomes,  as  he  grows  older, 
sour  and  pessimistic    A  hot  temper,  or  an 
entire  lack  of  self-control,  holds   uiother 
young  man  in  some  subordinate  position. 
Still  another  falls  short  because  of  shift- 
lessness,  laziness,  and  want  of  energy.    He 
may  be  kind-hearted  and  honest,  but  lacks 
push  and  pluck.    Another,  again,  fails  of 
advancement  because  of  a  morbid  dispoei- 
tion,  which  prohibits  his  harmonizing  with 
people  for  whom  he  works,  or  with  whom 
he  associates — he  is  glum,  morose,  absent- 
minded.    Differing  from  all  these,  is  another 
young  man,  bright,  cheerful,  kind-hearted, 
good-natured,  polite,  whom  everybody  likes  ; 
but  lacking  purpose,  and  having  no  definite 
aim,  he  is  in  a  condition  of  stable  equilib- 
rium, not  inclined  to  move  in  one  direction 
more  than  another.    All  these,  some  one 
may  say,  are  little  things.    Yes,  merely 
^'dust  on  the  key.''    But  success  hangs  on 
j  ust  such  trifles.    The  young  man  that  would 
succeed  must  always  guard  his  weak  point. 
The  chain's  greatest  strength  lies  in  its  weak- 
est link.    Young  men  are  proud  of  their 
strong  links,  but  cover  up,  hide,  and   are 
ashamed  of  their  weak  ones.    The  chain 
breaks,  however,  at  its  weakest  link,  and  then 
they  are  surprised  because  they  have  failed. 


JAMES  J.  HILL. 


From  Deck  Ha: 


>  Railroad  Prbsidbkt  A^o  Owner. 


STEADFASTNESS  of  mm  and  anflagfpng 
indnstry  in  the  atUuninent  of  hie  pur- 
poses have '-been  distiiigaiBhuig  marks 
ID  the  life  af  James  J.  Hill.    He  has  made 
himself  thorough  master  in  principle  and 
practice,  in  Keneral  and  in  detail,  of  everf 


mastered  all  the  political  and  geographical 
peculiarities  of  foreign  cotmlries.  To  acquire 
l}ooks  in  early  life  aod  on  scant  pay,  he 
saved,  and  has  ever  since  saved.  Even 
when  his  wages  were  but  $10  a  week,  he 
saved.    Study  leads  to  habits  of  thrift  and 


position,  from  the  humhlest  to  the  highVst  economy.    The  truly  studious  n 

that  he  has  ever  filled.    This  is  the  secret  of  thrifty,  for  extravagance  and  pnvfligacy  are 

liis  snccefis.    The  unsettled    and   onindus-  incompatible  with  habits  of  study.    Thrift 

tiions  man  who,  on  entering  the  duties  of  a  is  not  in  any  way  connected  with  avarice, 

position,  makes  up  hie  mind  that  its  duties  aeury,  greed,  or  selfishness.    It  is,'  in  foct, 

■re  not  worth  knowing  well,  never  succeeds,  the    very    reverse   of  thtoe  objectionable 

He  is  always  looking  for  something  better,  qualities.     Thrift   means    independence   to 

bat  does  not  obtain  it  for  the  reason  that  he  secure    prosperity.     Thrift   is    undpr    the 

neglects  the  only  sure  means  of  obtaining  influence  of  reason  and  forethought,  and 

never  works  by  chances 


promotion.  The  i 
who  thoroaghly  masters 
sll  thedetails  of  dnty  in 
the  humblest  position  to 
which  he  may  be  ap- 
pointed is  the  man  cer- 
tain to  come  to  the  front. 
Snch  a  man  never 
neglects  opportuaities 
of  self-improvement. 
His  hours  may  be  long, 
his  duties  onerons,  but 
he  will  find  a  few  mo- 
ments at  least  every  day 
for  reading  and  study. 
He  bEU  his  favorite 
papers  and  his  favorite 
books.  He  reads  care- 
fully and  thoroughly, 
and  thus  lays  up  valu- 
able stores  of  informa- 
tion that  some  time  in 
life  will  stand  him  in 
good  stead. 

Mr.  Hill  began  at  an  ''''"" 

early  age  to  carve  out  a  place  of  his  own  in 
life.  Circumstances  compelled  an  humble 
beginning,  but  he  resolved  to  go  higher ;  and 
reaiiziog  that  knowledge  and  study  are  the 
secrete  of  advancement,  determined  to  learn 
all  be  could. 

In  bis  early  days,  when  working  as  a 
deck  band  on  the  MisBiesippi  River,  he 
foaad  time  and  means  to  spare  for  hooks. 
He  made  himself  at  that  time  familiar 
with  tbe  history  of  the  country  in  general, 
and  of  the  Northwest  in  particular  ;  and, 
after  learning  all  he  could  of  the  United 
Btates,    did  not  rest  satisfied    till  he   had 


or  fits.  Hence,  the 
thrifty  man  is  usually  a 
man  of  study  and  reflec- 
tion. Mr.  Hill  hasever 
been  such  a  man. 

As  a  result  of  life-long 
study,  Mr.  Hill  knows 
all  about  railroading, 
from  the  surveying  of  a 
line,  ila  grading,  track 
laying,  locomotive  and 
car  building,  and  oper- 
ating, to  its  financiering, 
and  there  is  not  one  of 
hisarmyof  employes  to 
whom  he  cannot  tell 
more  than  the  man  him- 
I  self  knows  about  his 
'  own  particular  branch 
'   of  the  business. 

To  earnest,  persever- 
ing study,  and  the 
habits  of  life  demanded 
"  ""■'"  by  such  study,  Mr.  Hill 

owes  his  success  of  today.  He  is  now  pres- 
ident and  owner  of  the  Great  Northern 
Railway,  extending  from  Seattle,  Wash.,  to 
St.  Paul  and  Duluth,  Minn.,  besides  con- 
trolling other  great  interests. 

He  is  one  of  the  most  democratic  of  men ; 
there  is  no  one  too  humble  for  him  to  speak 
to.  In  spite  of  advanced  years,  he  is  as 
indomitable  in  spirit  as  when  he  firstHtarted 
out  in  the  world  to  make  a  way  for  him- 
self To  him  idle  moments  are  still  utter 
strangers  ;  hie  continuous  success  in  life  is 
a  monumental  tribute  to  the  geniua  of  work 
and  the  habit  of  well-ordered  study. 
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HOW  TO  SUCCEED  IN  STUDY. 


WONDERFUL  ATTAINMENTS 

OF  JAMES  VATT. 

MR.  JAMES  WATT,  the  great  improver 
of  the  steam  engine,  died  on>the  25th 
of  August,  1819,  at  his  home  in  Heath- 
field,  near  Birmingham,  in  the  84th  year  of 
his  age. 

His  name  needs  no  commemoration  of 
ours,  for  he  that  bore  it  survived  to  see 
it  crowned  with  undisputed  and  unenvied 
honors ;  many  generations  will  probably  pass 
away  before  it  shall  have  gathered  ''all  its 
fame. ' '  Mr.  Watt  was  the  great  improver  of 
the  steam  engine;  but,  in  truth,  as  to  all 
that  is  admirable  in  its  structure,  or  vast  in 
its  utility,  he  should  rather  be  described  as 
its  inventor.  It  was  by  his  inventions  that 
its  action  was  so  regulated  as  to  make  it 
capable  of  being  applied  to  the  finest  and 
most  delicate  manufacture^,  and  its  power 
so  increased  as  to  set  weight  and  solidity  at 
defiance.  By  his  admirable  contrivance,  it 
has  become  a  thing  stupendous  alike  for  its 
force  and  its  flexibility — for  the  prodigious 
power  that  it  can  exert,  and  the  ease,  and 
precision,  and  ductility  with  which  that 
power  can  be  varied,  distributed,  and  applied. 
The  trunk  of  an  elephant,  that  can  pick  up  a 
pin  or  rend  an  oak,  is  as  nothing  to  it.  It 
can  engrave  a  seal,  and  crush  masses  of 
obdurate  metal  before  it — draw  out,  with- 
out breaking,  a  thread  as  fine  as  gossamer, 
and  lift  a  ship  of  war  in  the  air.  It  can  em- 
broider muslin  and  forge  anchors — cut  steel 
into  ribbons,  and  impel  loaded  vessels 
against  the  fury  of  the  winds  and  waves. 

It  would  be  difficult  to  estimate  the  value 
of  the  benefits  that  this  has  conferred  upon 
this  country.  There  is  no  branch  of  indus- 
try that  has  not  been  indebted  to  it ;  and, 
in  all  the  most  material,  it  has  not  only 
widened  most  magnificently  the  field  of  its 
exertions,  but  multiplied  a  thousandfold  the 
amount  of  its  productions.  It  was  the  im- 
proved steam  engine,  in  short,  that  exalted 
and  sustained,  through  the  late  contest,  the 
political  greatness  of  our  land.  It  has 
increased  indefinitely  the  mass  of  human 
comforts  and  enjoyments ;  and  rendered 
cheap  and  accessible,  all  over  the  world, 
the  materials  of  wealth  and  prosperity.  It 
has  armed  the  feeble  hand  of  man  with 
a  power  to  which  no  limits  can  be  assigned  ; 
completed  the  dominion  of  mind  over  the 
most  refractory  qualities  of  matter,  and  laid 
a  sure  foundation  for  all  those  future  mir- 
acles of  mechanical  power  that  are  to  aid 
and  reward  the  labors  of  after  generations. 


It  is  to  the  genius  of  one  man,  too,  that 
all  this  is  mainly  owing.  And  certainly 
no  man  ever  bestowed  such  a  gift  on  his 
kind.  The  blessing  is  not  only  universal  but 
unbounded ;  and  the  fiibled  inventors  of  the 
plow  and  the  lo<Hn,  who  were  deified  by 
the  erring  gratitude  of  their  rude  contem- 
poraries, conferred  less  important  benefits  on 
mankind  than  the  inventor  of  our  present 
steam  engine. 

HOV  TO  SUCCEED  IN  STUDY. 

SUCCESSFUL  study  rests  on  the  basic 
ground  of  a  desire  for  improvement,  of 
which  a  great  writer  has  aptly  formu- 
lated the  maxim  :  **  The  desire  of  improve- 
ment discovers  a  liberal  mind,  and  is  con- 
nected with  many  accomj^ii^mientfl  and 
many  virtues." 

The  first  essential  requisite  in  all  educa- 
tional work  is  to  know  how  to  study.  But 
to  know  how  to  study,  we  must  first  know 
what  it  is  we  have  to  study.  Each  man'e 
purpose  in  life  indicates  what  it  is  he  has  to 
study,  while  the  earnestness  of  his  purpose 
dictates  how  he  is  to  study  it.  He  must, 
however,  in  general,  bring  to  all  studies 
method,  order,  discipline,  based  on  thorough- 
ness of  purpose,  to  become  master  of  ftmda- 
mental  principles  and  essential  details. 

The  man  that. attempts  to  study  without 
method  is  like  the  sloth,  of  whom  a  very 
wise  man  wrote :  "I  went  by  the  field  of 
the  slothful,  and  by  the  vineyard  of  the  man 
void  of  understanding :  and  lo !  it  was  all 
grown  over  with  thorns :  nettles  had  covered 
its  fEtce ;  and  its  stone  wall  was  broken  down. 
Then  I  saw  and  considered  it  well :  I  looked 
upon  it,  and  received  ingtrudion.** 

Failure  in  study  is,  as  in  other  things,  often 
due  to  the  lack  of  order  and  absence  of 
thoroughness.  Does  not  the  whole  experi- 
ence of  our  lives  teach  the  value  of  the 
present  moment  and  the  importance  of  its 
honest  employment? 

Be  wise  today :  'tis  madnea  to  defer  : 
Next  day  the  fktal  precedent  will  plead- 
Thus  on,  till  wisdom  is  pushed  out  of  life. 
Procrastination  is  the  thief  of  time. 
Year  after  year  it  steals,  till  all  are  fled ; 
And,  to  the  mercies  of  a  moment  leaves 
The  vast  concerns  of  an  eternal  scene. 

Summed  up,  much  that  can  be  advised  ms 
to  method  in  study  may  be  stated  thus : 

Be  thorough.  When  studying,  limit  your- 
self to  one  subject  at  a  time.  When,  for 
instance,  you  reach  the  subject  of  pneu- 
matics, study  pneumatics,  and  study  until 
you  master  it  before  you  begin  to  work  on 


MODERA  TION. 


333 


the  next  subject.  Unless  you  thoroughly 
uDderstand  a  subject  before  you  leave  it,  you 
will  not  derive  the  greatest  benefit  from  its 
study.  Moreover,  the  standard  you  attain 
in  each  subject  depends  on  the  thoroughness 
of  the  preceding  work.  Be  sure  you  under- 
stand every  principle. 

Be  accurate.  If  you  are  careless  with  one 
sabject  the  next  will  be  more  difficult.  By 
doing  the  work  of  each  subject  carefhlly  and 
thoroughly  before  taking  up  the  next  higher, 
your  work  becomes  easier  and  more  interest- 
ing as  you  advance.  An  examination  will 
show  the  character  of  your  previous  work. 
If  it  has  been  done  carelessly  you  should  do 
all  or  part  of  your  work  over  again,  before 
you  leave  it. 

Be  careful  and  neat.  Anything  worth  doing 
at  all  is  worth  doing  well.  Make  your  work 
look  so  neat  that  you  will  wish  to  preserve 
it  and  will  take  pride  in  showing  it  to  your 
friends.  Bo  everything  as  well  as  your 
ability  permits.  It  is  the  careful  student 
that  makes  the  successful  man. 

Be  self-Teliant.  You  must  not  form  the 
habit  of  relying  upon  others.  Rely  upon 
yourself.  Men  of  self-reliance  are  the  men 
that  conquer  great  difficulties.  Do  not  ask 
how  long  it  will  take  you  to  finish  an  educa- 
tion ;  it  depends  upon  yourself.  As  you 
advance  you  will  gain  confidence  and  rapidly 
acquire  ability  to  overcome  -obstacles.  Take 
op  each  study  with  the  confidence  that  you 
can  and  will  master  it.  Courage  is  half  the 
battle  won,  and  perseverance  will  win  the 
other  half.  Face  the  hard  lines  in  your  les- 
son with  determination.  Think  about  them 
and  reason  them  out  during  the  day,  while 
yon  are  at  work.  It  is  a  common  experience 
that  in  later  years  we  value  highly  that 
which  we  have  obtained  with  difficulty. 


RESERVE  FORCE, 

44  TT  IS  marvelous,  Monsieur  le  President," 
1  said  the  Paris  correspondent  of  the 
London  ''Times,"  some  years  ago,  to 
Thiers,  **how  you  deliver  long,  improvised 
speeches  about  which  you  have  not  had  time 
to  reflect."  **  You  are  not  paying  me  a  com- 
pliment," replied  the  President  of  the  French 
Repmblic,  ''it  is  criminal  in  a  statesman  to 
improvise  speeches  on  public  afiairs.  The 
speeches  you  call  improvised — why,  for  fifty 
years  I  have  been  rising  at  5  a.  m.  to  pre- 
pare them!" 

A  man's  work  shows  whether  he  has 
expended  the  last  ounce  of  his  strength  upon 
any  achievement,  or  has  a  reserve  back  of 


him.  His  conversation  sooner  or  later 
betrays  an  empty  or  a  full  reservoir.  Every 
victory  won,  every  obstacle  overcome,  every 
passion  controlled,  adds  a  new  strand  to  our 
reserve  cable.  Every  defeat,  every  loss  of 
self-control,  breaks  or  strains  a  strand,  and 
weakens  the  cable. 

Do  not  mistake  acquirement,  or  mere 
knowledge,  for  power.  Like  food,  these 
things  must  be  digested  and  assimilated  to 
become  life  or  force.  Learning  is  not 
wisdom ;  knowledge  is  not  necessarily  vital 
energy.  The  student  that  hat  cnunmed 
through  a  school  or  a  college  course  and  has 
made  himself  merely  a  receptacle  for  the 
teacher's  thoughts  and  ideas,  is  not  educated. 
He  has  not  gained  much  ;  he  is  a  reservoir, 
not  a  fountain.  One  retains,  the  other  gives 
forth.  Unless  his  knowledge  is  converted 
into  wisdom,  into  faculty,  it  will  become 
stagnant  like  still  water.  His  knowledge 
must  be  drawn  from  the  reservoir  of  mem- 
ory, be  worked  over  by  the  practical  facul- 
ties, and  become  vitalized,  before  it  can 
become  a  real  power  in  the  world. 


MODERATION. 


AMUSEMENT  in  moderation  is  whole- 
some, and  to  be  commended ;  but 
amusement  in  excess  vitiates  the  whole 
nature,  and  is  a  thing  to  be  carefully  guarded 
against.  The  maxim  is  often  quoted  of 
"  All  work  and  no  play  makes  Jack  a  dull 
boy";  but  all  play  and  no  work  makes  him 
something  greatly  worse.  Nothing  can  be 
more  hurtful  to  a  youth  than  to  have  his 
soul  sodden  with  pleasure.  The  best  qualities 
of  his  mind  are  impaired ;  common  enjoy- 
ments become  tasteless  ;  his  appetite  for  the 
higher  kind  of  pleasures  is  vitiated ;  and 
when  he  comes  to  face  the  work  and  the 
duties  of  life,  the  result  is  usually  aversion  and 
disgust.  ' '  Fast  *  *  men  waste  and  exhaust  the 
powers  of  life,  and  dry  up  the  sources  of  true 
happiness.  Having  forestalled  their  spring, 
they  can  produce  no  healthy  growth  of  either 
character  or  intellect.  A  child  without  sim- 
plicity, a  maiden  without  innocence,  a  boy 
without  truthfulness,  are  not  more  piteous 
sights  than  a  man  who  has  wasted  and 
thrown  away  his  youth  in  self-indulgence. 
Mirabeau  said  of  himself,  "  My  early  years 
have  already  in  a  great  measure  disinherited 
the  succeeding  ones,  and  dissipated  a  great 
part  of  my  vital  powers."  As  the  wrong 
done  to  another  today  returns  upon  ourselves 
tomorrow,  so  the  sins  of  our  youth  rise  up  in 
our  age  to  scourge  us. 
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NOT  A  DROP  OF  FALSE 

BLOOD  IN  HIS  VEINS.'' 


THE  value  of  character  to  a  boy  is  well 
illustrated  by  this  incident  in  connec- 
tion with  the  late  Civil  War :  The 
Confederate  General  Lee,  in  conversation 
with  one  of  his  officers,  was  overheard  by  a 
plain  farmer's  boy  to  remark  that  he  had 
decided  to  march  upon  Grettysburg  instead 
of  Harrisburg.  The  lad  watched  to  see  if 
the  troops  went  in  that  direction,  and  then 
telegraphed  the  fact  to  Governor  Curtin,  of 
Pennsylvania.  The  boy  was  sent  for  at  once 
by  a  special  engine,  and  as  the  governor  and 
his  friends  stood  about,  the  former  remarked 
anxiously,  "I  would  give  my  right  hand 
to  know  that  this  lad  tells  the  truth." 
A  corporal  promptly  replied,  "Governor 
Curtin,  I  know  that  boy.  I  lived  in  the 
same  neighborhood,  and  I  know  that  it  is 
impossible  for  him  to  lie.  There  is  not  a 
drop  of  false  blood  in  his  veins.''  In  fifteen 
minutes  from  that  time  the  Union  troops 
were  pushing  on  toward  Grettysburg,  where 
they  gained  the  victory. 

Be  honest,  truthful,  candid,  in  every  rela- 
tion and  condition  of  life. 

True  candor  is  altogether  different  from 
that  guarded,  inoffensive  language,  and  that 
studied  openness  of  behavior,  which  we  so 
frequently  meet  with  among  men  of  the 
world.  Smiling,  very  often,  is  the  aspect, 
and  smooth  are  the  words,  of  those  that, 
inwardly,  are  the  most  ready  to  think  evil 
of  others.  That  candor  which  is  a  civic  as 
well  as  Christian  virtue,  consists,  not  in 
fairness  of  speech,  but  in  fairness  of  heart 
It  may  want  the  blandishment  of  external 
courtesy,  but  supplies  its  place  with  humane 
and  generous  liberality  of  sentiment.  Its 
manners  are  unaffected,  and  its  professions 
cordial.  Exempt,  on  one  hand,  from  the 
dark  jealousy  of  a  suspicious  mind,  it  is  no 
less  removed,  on  the  other,  from  that  easy 
credulity  which  is  imposed  on  by  every 
specious  pretense.  It  is  perfectly  consistent 
with  extensive  knowledge  of  the  world,  and 
with  due  attention  to  its  own  safety.  In 
that  varied  intercourse  which  we  are 
obliged  to  carry  on  with  persons  of  very 
different  characters,  suspicion,  to  a  certain 
degree,  is  a  necessary  guard.  It  is  only  when 
it  exceeds  the  bounds  of  prudent  caution  that 
it  degenerates  into  vice.  There  is  a  proper 
mean  between  undistinguishing  credulity 
and  universal  jealousy,  which  a  sound 
understanding  discerns,  and  which  the  man 
of  candor  studies  to  preserve. 


He  makes  allowance  for  the  mixture  of 
evil  with  good  that  is  to  be  found  in  every 
human  character.  He  expects  none  to  be 
faultless,  and  is  unwilling  to  believe  that 
there  is  any  without  some  commendable 
quality.  In  the  midst  of  many  defects,  he 
can  discover  a  virtue.  Under  the  influence 
of  personal  resentment,  he  can  be  just  to 
the  merit  of  an  enemy.  He  never  lends  an 
open  ear  to  those  defamatory  reports  and 
dark  suggestions  which,  among  the  tribes 
of  the  fault-finding,  circulate  with  so  much 
rapidity,  and  meet  with  such  ready  accept- 
ance. He  is  not  hasty  to  judge,  and  be 
requires  fiill  evidence  before  he  will  con- 
demn. As  long  as  an  action  can  be  ascribed 
to  different  motives,  he  holds  it  as  no  marie 
of  sagacity  to  impute  it  alwa3rs  to  the  worst 
While  there  is  just  ground  for  doubt,  he 
keeps  his  judgment  undecided ;  and  during 
the  period  of  suspense  leans  to  the  most 
charitable  construction  that  an  action  can 
bear.  When  he  must  condemn,  he  condemns 
with  regret,  and  without  those  aggrava- 
tions that  the  severity  of  others  add  to 
the  crime.  He  listens  calmly  to  the  apology 
of  the  offender,  and  readily  admits  every 
extenuating  circumstance  that  equity  can 
suggest  However  much  he  may  blame  the 
principles  of  any  sect  or  party,  he  never 
confounds,  under  one  general  censure,  all 
who  belong  to  that  party  or  sect.  He 
charges  them  not  with  such  consequences  of 
their  tenets  as  they  refuse  and  disavow. 
From  one  wrong  opinion,  he  does  not  infer 
the  subversion  of  all  sound  principles ;  nor 
from  one  bad  action,  conclude  that  all  regard 
to  conscience  is  overthrown.  He  judges 
others  according  to  the  principles  by  which 
he  would  think  it  reasonable  that  they 
should  judge  him.  In  a  word,  he  views 
men  and  actions  in  the  clear  sunshine  of 
charity  and  good  nature,  and  not  in  that 
dark  and  sullen  shade  which  jealousy  and 
partisan  spirit  throw  over  all  that  allow 
these  feelings  to  rule  them. 

Very  much  akin  to  lack  of  charity  and 
good  nature  is  insincerity.  There  is,  in 
truth,  no  quality  so  degrading  as  insincedty. 
"  You  cannot,"  truly  affirms  F.  W.  Robert- 
son, ''  in  any  given  case,  by  any  sudden  and 
single  effort,  will  to  be  true  if  the  habit  of 
your  life  has  been  insincerity."  And  James 
Russell  Lowell  very  justly  declares  the  resnlt 
of  his  observations  in  theee  telling  terms : 
"The  only  faith  that  wears  well,  and  holds 
its  color  in  all  weather,  is  that  which  is 
woven  of  conviction  and  set  with  the  ah&rp 
mordant  of  experience." 


STUDENTS   WHO    HAVE    BENEFITED   THEMSELVES 

THROUGH  HOHB  STUDY 

IN  THE  INTERNATIONAL  CORRESPONDENCE  SCHOOLS, 

SCRANTCW.  PA. 


PARMER  BECOMES  AN 

ELECTRICAL  SUPERINTENDENT. 

Before  I  began  etudjiing  in  the  Schools,  I 
vas  %  former,  and  knew  practically  nothing 
about    electricity   or 
steam    engineering. 
My  Coureee  in  Elec- 
tric Power  and  Light- 
ing and   Stationary 
Engineering   have 
been  a  source  of  great 
benefit  to  me,  as  I 
now  hare  cbai^  of 
an  electric-Iigbt 
plant,  and  cheerfully 
admit  that  I  owe  my 
position   and    salary 
to  the  Schools.    I  think  there  is  no  better 
chance  in  the  world  for  young  men,  without 
the  mesne  of  acquiring  a  cotl^e  education, 
to  advance   tbemaelvee  than  through  the 
Schools.    The  value  of  the  Coursee  cannot  be 
overestimated. — SJgiAm  S.  Vahner,  EUctrical 
SuperirUendent,  PaXlon,  Pa. 

FROM  OFFICE  BOY 

TO  ARCHITECT. 

When  I  was  sixteen  years  old  I  left  school 
to  go  to  work  in  an  architect's  office.    I  had 
been   in   the    office 
about  six  months 
when  I  heard  of  the 
Bchoob  and  enrolled 
In  the  Complete 
A  rchitectnral 
Course.     About  six 
montfas  later  I  went 
to   cari>ent«ring    on 
buildings.    I  carpen- 
tered for  about  two 
and  one-half  years 
from  the  time  of  my 
enrollment,  studying 
fiutbfblly  along  with  my  doily  work,  bring- 
ing practice  and  education  together.    I  am 
now  twenty-one  years  old  and  have  nearly 
finished   my  Course.    I  am    employed   as 
architect  for  Hotchkiss   Bros.   &  Co.,  con- 
tractors, builders,  and  interior  finishers,  Tor- 
rington,  Conn.^CTm*.  5.  Palmer,   Architect, 
Torrington,  Conn. 


FROM  APPRENTICE  TO 

ASSISTANT  ENGINEER. 

Having  been  a  student  of  The  International 
Correspondence  Schools  for  over  two  years, 
I  am  prepared  to  give  an  unqualified  en- 
dorsement of  the  system  of  instruction. 

I  can  strongly  recommend  the  Schools  to 
all  engineers,  electricians,  and  tbdr  assist- 
ants who  wish  to  qualify  themselves  for 


advan 


nt     I 


iak  from  expe- 
rience, as  my  Course 
in  Electric  Power 
and  Lighting  has 
been  of  the  greatest 
benefit  to  me.  When 
I  enrolled  in  the 
Schools  I  was  an 
apprentice,  but  from 
the  knowledge 
gained  in  spare  time, 
through  the  study  of 
my  Course,  I  have 

been  able  to  obtain  the  position  of  assistant 
engineer  in  the  power  plant  of  The  New 
York,  New  Haven,  and  Hartford  Railroad 
Company.  No  one  who  enrolls  in  the  Schools 
will  ever  r^jret  the  time  or  expense  devoted 
to  the  acquirement  of  an  education. —if.  Gif- 
Ion  Stone,  Stationary  Engineer,  Providence,  R.  I, 

TRACKLAYER  BECOMES 

MINE  SUPERINTENDENT. 
When  I  enrolled  in  the  Complete  Coal 
Mining  Course  of  the  Schools  I  was  em- 
ployed  as   a  track- 


,   but  after 


studying  a  short 
time  I  passed  the 
examination  for  fire 
boss,  and  served  in 
this  capacity  for  four 
years.  In  the  mean- 
time I  passed  tlie 
eiamination  for 
mine  foreman,  and 
am  now  holding  a 
position  as  mine  su- 
perintendent. As  the 

result  of  my  studies,  my  salary  has  been 
more  than  doubled.— IV.  /.  NeiUon,  Mint 
Sftperintendent,  federal.  Pa. 


STUDENTS  WHO  HAVE  BENEFITED  THEMSELVES. 


Before  enroUiag  in  the  StAtionary  Engi- 
neers'  Ckiuiae  of  th«  Schoole,  I   tried  to 
edacat«  myself  by 
reading  textbooks, 
but  found  that  I 
could  not  undeist«nd 
them.    While  I  have 
sot  quite  finished  m; 
Course,  I  have  pro- 
greaeed   far  enough 
to  learn  that,  after 
studying  in  the 
Schools,    books    are 
not  necessary,  as  the 
Course  ia  complete  in 
itself.    Through  the 
aseistance  of  the  Schools,  I  obtained  the 
position  of  night  en^neer  at  the  Columbia 
and  Rensselaer  Electric  Bailway  and  Light- 
ing Company.     AsBOonas  my  preaent  Course 
is  finished,  I  intend  to  enrollin  the  Electrical 
Course  and  obtain  a  thorough  knowledge  of 
electricity.  —  Conrad   J.  EngUrt,    Stationary 
Engineer,  Rrruielaer,  N.  Y. 

OFFERED  FOUR  ADVANCED 

POSmC»IS  WITHIN  ONE  YEAR. 

Any  mechanic  who  desires  to  advance  to 
the  top  of  the  ladder  ( where  there  is  plenty 
of  room)  will    find 
the   system   of  The 
International  Corre- 
spondence Schools  a 
success.    Thema- 
chinist  who  would 
succeed   must   have 
an    education.      He 
must  be  able  to  read 
drawings,  to  quickly 
and  accurately  trans- 
fer them  to  the  sur- 
face of  material  ami 
develop  the  various 
parte.      The    benefits    derived    from    my 
Complete  Mechanical  Course  are  numerous. 
It   has  been   a  great  help  to  me  in   my 
every-day  work,  and  during  the  past  year 
a  position  as  draflsman,  two  foremanshipa, 
and  a  position  oa  representative  have  been 
offered  me.    I  am  much  pleased  to  note 
the  prc^ess  made  by  several  of  my  friends 
who  enrolled  at  the  same  time  that  I  did. 
I  wish   the  Schools  all    the  success  they 
deserve. — F.  E.  Orittmer,  Machmint,  San  Fran- 
mco,  Chi. 


ALTAYS  RECEIVES 

HIGH  TAGES.  i 

Tbe  Course  in  Architecture  which  I  have  i 

been  taking  through  The  International  Cor-  | 

reepondence    Schools   has    been   of  great 
advantage  to   me.    The    Instructors    have 
given  me  every  attention  and  corrected  my 
work  with  care  and  accuracy.    I  can  recom- 
mend the  Course.    As  a  mechanic,  it  hia 
taught  me  to  solve  the  most  difficult  prob- 
lems of  my  trade,  and  as  a  draftsman  I  have 
been  able  to  make  complete  drawings  and 
specifications    of 
buildings.    I   have 
worked  in  several 
different     localities, 
and  have  always  re- 
ceived   the    highest 
pay  and  held  respon- 
sible positions.    My 
ability  to  do  this  is 
due  almost  entirely 
t  o  t  h  e  knowledge 
obtained  through  the 
Instruction  Papers  of 

my  Course.  As  soon  as  I  complete  tbe 
Course,  I  intend  to  open  an  architect's  office 
of  my  own.— Oax  L.  K^y,  JnAtleetunil 
Drafttman,  Barry,  111. 

PATTERNMAKER 

BECOMES  DESIGNER. 

In  early  life  I  had  a  desire  to  become  a   . 
mechanic,  and  after  completing  a  common- 
school  education,  1  learned  tbe  trade  of  a 
patternmaker.    While  thus  engaged,  I  fax- 
ther  resolved  to  fit  myself  for  a  mechanical 
engineer.    I  heard  of  The  Interaatjonal  Cor- 
respondence Schools,  and  at  once  took  np 
the  Electrical  Engi- 
neering Course. 
Today  I   am  a   de-  ' 
signer  of  general 
machinery,  with  a 
good  Batary  and 
fewer  hours  of  labor. 
M  y  progress  has  been 
very  satisfactory, 
and  I  attribute  it  to 
the  excellence  of  the 
Instruction     Papers. 
These  are  the  clearest 

and  best  textbooks  I  have  ever  used,  and  I 
unhesitatingly  recommend  tbe  Schools  to 
every  enterprising  mechanic  as  being  thor- 
ough and  practical.— C  E.  Mmtzer,  Machine 
Deiiyner,  Masgilion,  0. 
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Methods  of  Militaby  Signamko — iMaTBCMKXia  Ubzd  ; 
Them — Modrrn  Mbtkods  and  Imfhotbhbntb  i 


«D  TBB  Manner  of  Opbratino 

Military  8i(iNAi,iso. 


W 


HEN  you  read  in  your  morning  paper 
he  ftcconnt  of  BOme  important  battle 
in  the  heart  of  the  Philippine  lalandH, 
does  it  ever  strike  yoa  that  this  information 
haa  come  to  yoQ  from  the  interior  of  ft 
country  where  railroads'  are  few,  tet^^aph 
lines  feiver,  and  the  only  means  of  commu- 
nication between  some  eectione  is  on  horse- 
back ?    When  General  Shafter  was  in  Cuba 

unusual  for 
the  evening 
papers  to  pub- 
lish details  of 
events  that 
had  taken 
place  the  same 
morning  in  the 
interior  of  the 


importance  to  that  organization  as  is  the 

lookout  on  board  ship.    The  signal  corps  is 

the  eyes  and  ears  of  an  army.    It  must 

frequently  advance  beyond  the  main  column, 

reconnoit«r  the  coantry,  and  report  back  in 

detail  anything  that  may  be  discovered.    It 

must  also  keep  the  moving  detachment  in 

commanication  with  general  headquarters, 

and  report  each  day  all   the  details  of  its 

service  to  the 

commanding 

officer. 

The    inatru- 
m«nta  used  in 


isU 

the  officers  of 


with  the  com- 
mander,   no 

matter  how  signilisq  u 

videly  the 

■abofganizationa  may  be  separated.  The 
doty  of  providing  and  maintaining  this 
commanication  devolves  upon  the  signal 
corps  ;  and  the  signalmen  detailed  to  accom- 
pany &  battalion  or  raiment,  as  it  marches 
oat  of  headquarters  camp,  are  of  as  moch 

Oapurighttd.  JSW,  bf/  The 


two  general 
classes ;  name- 
ly, those  de- 
signed to  pro- 
duce   on    the 


and 


motion, 

those  designed 

to  produce  an 

impression    of 

time.      The 

H  THs  Fl*  former  include 

the  flag,  torch, 

etc.,  and  the  latter  comprise  the  lantern, 

heliograph,  telegraph,  etc. 

When  signaling  with  the  flag,  the  signal- 
man faces  the  station  with  which  he  desires 
to  communicate,  and  waves  the  flag  slowly 
but  steadily  from  right  to  left  to  attract 

QMitTy  EngiMer  Company. 
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attention ;  or,  if  the  station  has  a  partic- 
ular "call  letter,"  he  attracts  attention  by 
repeatedly  tdgnali&g  ,that  letter  antil  he  is 
answered. 

Behind  him   another  signalman  stands, 
or  sits  at  a  table  and  reads  the  i 


one  letter  at  a  time,  and  watches  the  receiv- 
ing station  carefully,  to  see  that  they  receive 
the  communication  correctly — a  result  that 
they  announce  at  the  end  of  the  meist^  by 
wgnaling  back  "O.  K."  The  letters  of  the 
e^nal  alphabet  are  composed  of  a  combina- 
tion of  the  numbers  1,  2,  and  3.  A  move- 
ment of  the  flag  to  the  right  of  the  sender 
indicates  I,  while  a  similar  movement  to 
the  left  impliee  2,  and  a  dipping  of  the 
flag  in  front  indicates  3.  Thus,  the  letter 
R,  which  is  211,  would  be  etgniled  by  one 
movement  of  the  flag  to  the  left  and  two 
movements  to  the  right.  By  means  of  the 
flag,  messages  can  be  sent  about  10  miles 
on  a  clear  day,  using  a  flag  6  feet  square,  on 
a  staS'  or  pole  12  feet  long.  This  method  is 
very  slow  and  laborious,  however,  and  it  is 
better  usoally  to  have  two  stations  5  miles 
apart, and  repeat tbesignalswitha2-foot flag 
on  a  4-foot  pole. 

At  night  the  flag  is  replaced  hy  the  torch, 
and  a  foot-torch  is  placed  on  the  ground,  so 
that  the  observer  may  more  readily  discern 
the  movements  of  the  swinging  tnrch  by 
comparison  with  the  one  on  the  ground. 

The  slowness  of  the  flag  and  torch  renders 
them  impracticable  for  general  service,  and 
the  Beld  telegraph  or  telephone  is  now  relied 
on  almost  entirely.  Before  we  consider  this, 
however,  there  is  another  instrument  that 
demands  our  attention,  both  on  account  of 
its  simplicity  and  importance ;  this  is  the 
lietiograph. 

The  heliograph  consists  of  a  brass  bar, 


shown  at  a.   Fig.  1.    At  one  end  of  this 
braes  bar  is  attached  a  fiame  carrying  the 
mirror  b,  while  at   the   other  end  is  the 
sighting  rod  c.    The  instrnment  screws  on 
the  top  of  a  tripod  d,  and  is  nsed  as  follows : 
The  signalman  seta  the  instmmenC  by  sight- 
ing through  the  hole  in  the  mirror 
at  ;,  and  bringing  the  hole  and 
the  end  of  the  sighting  rod  c  in 
line  with  tbe  distant  station.    He 
then  inclines  the  mirror  so  that 
the  sun  shines  directly  on  its  face 
and  is  reflected  there&om  toward 
the   distant  station  ;    when  tbe 
reflected  shadow  of  the  hole  e  fells 
on  the  end  of  the  sighting  rod  e, 
the  "flash"  can  be  seen  at  tbe 
distant  station.    Another  tripod 
is  then  placed  in  front  of  the  first 
one,  and  on  its  top  a  shutter  is 
,  fastened  that  can  be  operated  to 

open  and  close,  thereby  cauni^ 
intermittent  flashes  correspond- 
ing to  the  numbers  1  and  2,  as  in 
the  previous  case.  For  instance,  a  short 
flash  would  indicate  1,  two  short  flashes 
would  indicate  2,  and  a  long  flash  is  used  to 
express  3.  Messages  can  be  transmitted  with 
the  heliograph  almost  as  accurately  and  as 
rapidly  as  with  the  tel^raph,  but  it  is 
dependent  on  sunlight,  and  therefore  cannot 


RtlNMNG  A  TlT.EGBArH   AND  TELETHONE  l.UtK. 

be  used  in  stormy  weather  or  at  night-  It 
is  very  useful  for  temporary  stations,  how- 
ever, ae  it  can  Ik  readily  operated  a  distance 
of  25  or  30  miles,  if  the  elevation  can  be 
obtained  at  which  both  stations  are  clearly 
visible.    There  is,  in  fitct,  no  distance  at 
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which  the  heliograph  cannot  be  operated 
when  the  air  ie  clear,  and  each  station  ia 
visible  from  the  other. 

The  greateet  distance  the  instrument  has 
been  operated  in  the  United  Statee  is  82 
milee.  This  was  in  the  clear  air  of  the  Rocky 
Honntains,  and  by  a  detachment  of  the  U.  B. 
Signal  Gorpa.  The  greatest  distance  the 
heliograph  has  ever  been  worked  in  the 
eaetem  part  of  the  country  is  47  milee,  from 
the  roof  of  the  Capitol  at  Albany,  N.  Y., 
to  a  station  in  the  Catskill  Moontains. 
This  was  accomplished  by  the  First  Signal 
Corpe  of  New  York,  at  sunrise  on  July  18, 
1893,  after  several  nnsucceasful  attempts  to 
pierce  the  haze  with  the  reflected  sunbeam. 

The  heliograph,  then,  although  it  is  accu- 
rate, rapid,  and  easy  of  manipulation,  can- 
not be  relied  on  in 
climates  where  there  is 
any  uncertainty  as  to 
the  weather  conditions 
from  day  to  day. 

The  telegraph  and 
the  telephone  are, 
then,  the  only  absolute 
and  unfailing  means 
of  communicaUon.  A 
telegraph  line  several 
miles  long  may  be 
erected  in  a  day,  and 
it  can  be  guarded  by 
a  comparatively  small 
number  of  men. 

In  laying  a  telegraph 
line,  two  or  more  of 
the  signalmen  carry 
knapsacks,  on  thetep 
of  which  are  reels  con- 
taining i  mile  of  double 
cable.  Theee  reels  un- 
wind as   they  march 

along,   and   the  other  The  Old  Wiv 

members  of  the  corps 
in  the  rear  attach  the  wire  te  trees  at  inter- 
rals,  raise  it  on  short  thin  poles,  or  hide  it 
in  the  bnshee  and  brush  aloog  the  ground, 
according  to  the  character  of  the  country 
and  d^p-ee  of  permanency  required  in  the 
line.  The  erecting  party  are  constantly  in 
communication  with  every  station  along  the 
line,  as  within  the  knapsacks  under  the 
reels  the  wires  are  connected  up  through  an 
electric  bell  and  telephone  receiver.  This 
bell  can  be  rung  at  any  moment  and  instruc- 
tionB  telephoned  to  the  advancing  party. 
Should  the  iuBtmctiona  be  in  the  character 
of  a  dpher  despatch  and  require  the  tele- 
graph in  preference  to  the  telephone  (as  is 


often  the  case),  the  officer  in  charge  of  the 
squad  is  eo  informed,  and  the  operator,  seen 
in  the  center  of  the  illustration,  steps  up, 
throws  out  the  telephone  connection,  and 
inserts  the  terminals  of  the  key  and  sounder, 
which  he  carries  in  his  band.  Telegraphic 
communicatioa  is  thus  opened  with  head- 
quarters, while  the  local  telephone  service  is 


Where  an  army  is  marching  through  an 
unknown  country,  it  is  frequently  advisable 
to  send  a  signal  party  to  the  top  of  some  bill 
or  promontory  to  reconnoiter  the  country, 
and  telephone  or  telegraph  back  the  results 
of  its  observations.    When  the  party  returns 
over  the  route  on  which  they  advanced,  the 
wire  is  reeled  up  again,  ready  for  foture  nse. 
Should  the  nuun  body  of  troops  in  the  rear 
advance  somewhat  be- 
fore the  signal  party 
returns,  the  rear  end 
of  the  line  is  reeled 
up  accordingly. 

There  are  times, 
however,  when  ail  this 
system  and  scientific 
apparatus  is  of  no 
avtui,  and  the  com- 
manding officera  are 
compelled  to  go  back 
to  earliest  principles 
and  send  their  des- 
patches by  orderly  or 
courier.  This  method 
is  slow  and  frai^ht 
with  much  danger, 
especially  when  in  a 
hostile  country.  The 
messenger  ia  liable  to 
be  intercepted  or  meet 
with  an  accident,  and 
not  be  able  either  to 
iND  THK  Nkiv.  deliver  his  despatch  or 

to  send  back  word  of 
his  failure  ;  thus  two  portions  of  an  army 
may  be  awaiting  word  from  each  other  in 
vain,  while  the  courier  and  his  escort  are 
prisoners,  and  importent  despatches  are 
in  the  hands  of  the  enemy's  deciphering 
experts. 

However,  the  old  romantic  picture  of  the 
mud -smeared  and  disheveled  horseman, 
falling  ezhauBled  from  his  jaded  horse,  as 
he  presents  his  despatch  at  the  entrance  of 
the  general's  tent,  is  now  a  thing  of  the  past. 
The  modern  courier  rides  but  short  distances, 
and  even  then  uses  a  bicycle  in  preference 
to  a  horse,  if  possible.  The  picturesque 
wagon  train,  the  cattle,  the  horses,  that  were 
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driven  in  the  wake  of  an  advancing  aimy, 
to  provide  the  score  of  thousands  of  men 
and  beasts  with  food  and  shelter,  are  now 
all  rendered  almost  obsolete  by  the  hand  of 
science.  Even  in  the  remote  Philippines, 
supplies  are  carried  forward  on  railroads, 
which  are  built  as  rapidly  as  the  army 
advances ;  and,  instead  of  immense  herds  of 
cattle  in  the  army's  wake,  piles  of  empty  tin 
cans  indicate  that  the  patriotic  cow  sheds  her 


blood  in  a  Chicago  stockyard  and  is  shipped 
to  the  front  in  an  embalmed  condition. 
Hence,  when  we  read  in  our  morning  papers 
of  a  skirmish  at  Mantilupa,  the  day  before, 
it  is  safe  to  assume  that  no  wearied  signal- 
man patiently  wigwagged  the  news  through 
with  flag  or  torch,  no  tireless  relay  of  couriers 
carried  it  through  from  the  front,  but  that 
it  was  telegraphed  over  the  miUtary  lines 
erected  and  maintained  by  the  signal  corps. 


SMOKE   PREVENTION 


C.  P.  Turner. 


Not  Impracticablb,  But  PRorrrABLE — Smoke  Is  But  Unburnbd  Carbon — ^Methods  and 

Appliances  poe  Secueinq  Perfect  Combustion. 


THE  subject  of  economy  in  the  use  of  fuel 
is  one  of  great  interest  to  all  large 
manufacturers,  and  a  great  deal  of 
careful  study  has  been  given  to  the  methods 
that  may  be  employed  in  burning  coal  so  as 
to  develop  the  greatest  number  of  heat  units 
for  a  given  outlay.  No  matter  how  carefully 
the  engine  is  designed  and  built,  it  can  never 
utilize  any  part  of  the  energy  of  the  fuel 
that  is  lost  through  imperfect  combustion. 
Any  fuel  that  falls  to  the  ash-pit  unbumed 
or  that  escapes  from  the  chimney  in  the 
form  of  unburned  carbon  called  smoke,  or 
as  a  combustible  gas,  is  irretrievably  lost. 
No  refinement  in  the  form  of  elaborate 
designs  of  boilers,  heaters,  economizers, 
engines,  and  condensers  will  enable  a  plant 
to  show  a  high  degree  of  economy  when,  by 
the  use  of  imperfect  furnaces  or  through 
ignorance  and  carelessness  of  the  fireman, 
a  large  percentage  of  the  energy  of  the  fuel 
is  wasted. 

A  celebrated  engineer,  the  inventor  of  a 
furnace  for  burning  cheap  grades  of  coal,  has 
said :  **  The  quantity  of  heat  that  can  be 
obtained  from  a  given  grade  of  coal  depends 
on  two  things :  the  percentage  of  carbon  in 
the  coal  and  the  amount  of  brains  you 
have  under  your  hat.'*  Since,  with  a  given 
boiler  and  engine,  the  power  that  can  be 
obtained  from  the  coal  is  almost  directly 
proportional  to  the  heat  produced  by  its 
combustion,  it  follows  that  the  power  value 
of  a  fuel  is  largely  dependent  on  the  degree 
of  intelligence  with  which  the  firing  is  done. 

In  addition  to  the  question  of  economy  in 
the  use  of  fuel  there  is,  in  most  large  cities,  a 
most  difiSicult  problem,  smoke  prevention, 
which  must  be  solved  by  the  correct  applica- 


tion of  the  principles  governing  complete 
combustion.     The  dense  clouds   of  black 
smoke  given  off  by  factory  chimneys  add 
greatly  to  the  discomfort  of  life  in  our  large 
manufacturing  cities.    Granting  that  smoke, 
as  is  claimed  by  some  authorities,  is  not  in 
itself  deleterious  to  the  health  of  human 
beings,  the  murky  atmosphere  and  almost 
perpetual  cloudiness  that  it  produces  has  a 
depressing  effect  that  lowers  the  vitality  of 
the  inhabitants  of  a  community,  and  the 
ever-present  and  unavoidable  soot   breeds 
a  familiarity  with  dirt  which,  in  all  but  the 
most  cleanly,  readily  develops  into  a  loss  of 
pride  in  personal  appearance  and  a  disregard 
of  the  principles  of  sanitation.    A  superficial 
study  of  the  conditions  existing  in  the  large 
cities  and  the  various  mining  and  manu- 
facturing centers  of  our  country,  not  alone 
of  the  slums  but  also  the  districts  occupied  by 
the  well-paid  workers,  is  sufi^dent  to  show 
that  it  is  not  so  much  the  nationality  of  the 
workers  or  the  nature  of  their  employment 
that  gives  the  inhabitants  of  our  large  coal- 
mining and  iron-making  centers  their  repu- 
tation for  turbulence  and  vice,  as  it  is  the 
infiuence  of  the  depressing  and  degrading 
effects  of  being  constantly  surrounded  by  an 
atmosphere  and  conditions  that  make  out- 
ward  cleanliness  almost  impossible.      The 
careful  housewife  finds  her  best  efforts  almost 
unavailing  in  the  never-ending  fight  against 
the  black  smudge  that  covers  everything  and 
pollutes  the  most  carefully  guarded  of  her 
household  treasures,  and  she  either  falls  an 
early  victim  to  overwork  or  becomes  indiffer- 
ent to  dirt  of  all  kinds. 

Another  flEictor  in  the  smoke  problem,  one 
that  directly  affects  men's  pocketbooks — ^the 


SMOKE  PREVENTION, 


341 


point  in  which  they  are  said  to  be  most  vul- 
nerable— ^is  the  great  damage  done  by  smoke 
to  household  goods  and  stocks  of  goods  in 
stores  and  warehouses.  An  inspection  of 
any  merchant's  stock  in  a  city  in  which 
much  soft  coal  is  burned  will  reveal  quanti- 
ties of  goods  damaged  to  a  degree  that 
destroys  much  of  their  original  value,  and, 
in  any  community  other  than  a  soft-coal 
center,  would  make  them  almost  unsalable. 

The  loss  from  damaged  goods  is  not  the 
only  direct  money  loss  that  is  suffered  by  a 
community  afflicted  with  the  smoke  nui- 
sance. Daylight  is  shut  out  by  the  smoke 
douda  and  artificial  light  must  be  used  in 
its  stead;  poor  light  and  the  depressing 
influence  of  the  general  gloom  lowers  the 
efficiency  of  every  worker;  the  inmiediate 
effect  is  a  great  increase  in  the  cost  of  living 
and  in  the  expense  account  of  every  business 
enterprise. 

The  many  evils  suffered  by  the  inhabitants 
of  smoky  cities  are  vaguely  felt,  with  the 
result  that  many  smoke-prohibitive  ordi- 
nances, the  majority  of  which,  however,  have 
been  so  grotesquely  inconsistent  and  imprac- 
ticable in  their  provisions  and  methods  of 
enforcement  as  to  be  self-annulling,  have 
been  proposed,  and  some  have  become  laws. 
Few,  even  of  the  better  class,  of  these  ordi- 
nances have  ever  been  effective  to  any  appre- 
ciable degree,  the  only  notable  exceptions 
being  those  cities  in  which  the  use  of  soft 
coal  is  practically  prohibited.  It  is  uiged  by 
manufacturers  that  the  prevention  of  smoke 
means  their  financial  ruin,  that  furnaces 
which  will  bum  soft  coal  without  smoke  are 
either  wholly  impracticable  or  that  they  are 
so  expensive  in  the  matter  of  first  cost  and 
maintenance  as  to  make  their  use  entirely 
out  of  the  question.  The  public,  being 
almost  wholly  ignorant  of  the  theoretical 
and  practical  features  of  the  case,  are  gener- 
ally more  ready  to  believe  the  statements  of 
the  men  on  whom  the  greater  part  of  the 
bofliness  of  their  cities  primarily  depends, 
than  they  are  to  put  any  faith  in  patented 
smoke  "consumers''  or  in  the  argument  of 
theorists  who  assert  that  smoke  prevention  is 
not  only  possible,  but  that,  in  the  end,  the 
manufacturer  himself  will  profit  by  it.  In 
addition,  there  is  the  aversion  of  Americans 
to  the  work  and  worry  involved  in  a  fight 
for  their  public  rights.  They  are  probably 
the  most  long-suffering  and,  in  some  respects, 
the  laziest  people  on  the  earth,  and,  rather 
than  carry  on  a  vigorous  fight  against  the 
most  flagrant  public  abuses  of  their  rights, 
will  patiently  submit,  grumbling  a  little, 


perhaps,  but  accepting  loss  and  discomfort 
much  as  they  do  the  effects  of  the  idiosyn- 
crasies of  their  climate. 

It  can  be  positively  asserted,  however, 
that  smokeless  cities,  even  in  the  heart  of 
our  large  manufacturing  districts,  are  not  the 
wild  dreams  of  visionary  theorists ;  on  the 
contrary,  they  represent  a  condition  that 
is  not  only  desirable  from  a  sanitary  and 
moral  standpoint,  but  profitable  to  all  busi- 
ness interests,  induding  those  of  the  manu- 
facturer himsdf,  and  entirely  practicable 
when  regarded  as  a  problem  in  engineering. 

Some  of  the  more  heroic  measures  that 
have  been  suggested  as  remedies  for  the 
smoke  nuisance  are  excellent  and  have 
already  done  something  in  mitigating  its 
evils.  Gas  engines  and  electric  motors  have 
replaced  small  boilers  and  engines  in  light 
manufJActuring  establishments,  and  have 
removed  many  of  the  worst  offenses,  and 
those  in  which  the  engineering  difficulties 
were  greatest.  Gas  stoves  and  steam  heating 
for  domestic  use  have  also  opened  up  a 
method  of  dealing  with  the  smoky  kitchen 
chimney — ^individually  insignificant  but  col- 
lectively an  important  factor  in  the  problem. 
The  central  stations  from  which  steam,  gas, 
and  electricity  are  distributed,  may  be 
located  far  enough  away  from  business  and 
residence  centers  to  prevent  the  smoke  they 
develop  from  being  a  nuisance ;  better  stiU, 
with  such  large  units  the  most  approved 
devices  for  burning  coal  without  smoke  can 
very  profitably  be  used.  Under  the  favor- 
able conditions  prevailing  in  a  large  modem 
central  station,  smoke  prevention  is  one  of 
the  simplest  of  the  problems  presented  to 
the  designing  and  operating  engineers,  and 
a  failure  in  this  respect  is  an  indication  of 
almost  criminal  incompetence  on  the  part 
of  either  the  designer  of  the  plant  or  the 
engineer  in  charge  of  its  operation. 

There  is,  however,  a  large  class  of  power 
users  whose  needs  are  not  met  by  the  central 
station  in  its  present  state  of  development. 
Numerous  establishments  in  every  city  are 
so  situated  that  they  can  develop  their  own 
heat,  light,  and  power  at  a  much  lower  rate 
than  the  central  station  can,  or  at  least  will, 
furnish  them.  If  the  establishment  is  a 
large  one,  use  can  profitably  be  made  of  the 
appliances  employed  by  the  central  station, 
and  the  problem  becomes  a  simple  one. 
Failure  in  this  case  is  no  more  excusable 
than  in  the  case  of  the  central  station. 

The  most  serious  difficulty  arises  when  we 
consider  establishments  in  which  the  fires 
can  easily  be  handled  by  one  or  two  men. 


342 


SMOKE  PREVENTION, 


Here,  little  or  no  redaction  in  the  labor  cost 
can  be  effected  by  the  oae  of  automatic 
stokers  or  other  mechanical  devices  for  feed- 
ing and  controlling  the  fires.  It  is  also  gener- 
ally conceded  that,  in  their  present  state  of 
development,  automatic  stokers  are  no  more 
economical  in  use  of  fuel  than  hand-fired 
furnaces  that  are  correctly  designed  and 
carefully  managed,  the  only  possible  excep- 
tion being  those  cases  in  which  the  automatic 
furnace  is  used  with  very  low  grades  of  fuel, 
that  cannot  be  successfully  burned  by  ordi- 
nary methods  of  firing.    ' 

There  are  numerous  devices  and  special 
methods  of  furnace  construction,  many  of 
which  are  patented,  whose  purpose  is  the 
prevention  of  smoke  with  hand  firing. 
Bome  are  based  on  correct  principles,  and, 
when  properly  applied  and  intelligently 
used,  are  of  considerable  value ;  very  many, 
however,  belong  to  the  cure-all  class  of  rem- 
edies, their  very  name,  smoke  '* consumers,'' 
being  an  indication  of  a  catchpenny  char- 
acter. The  very  best  special  furnace  or 
attachment  will  be  a  fiulure  in  the  hands  of 
an  untrained,  or  careless  fireman ;  with  a 
competent  man  these  devices  are  useful  only 
as  aids  to  a  correct  application  of  the  prin- 
ciples governing  smokeless  combustion. 

Numerous  failures  have  followed  attempts 
to  use  the  better  smoke-prevention  devices 
under  unfavorable  conditions  or  in  the  hands 
of  incompetent  men ;  these  failures,  in  con- 
nection with  the  absolute  firauds  and  the 
utterly  absurd  claims  made  by  many  builders 
and  agents,  have  given  an  undeserved  bad 
name  to  all  devices  of  this  kind  and  done 
much  to  discourage  their  legitimate  use. 

One  of  the  greatest  obstacles  in  the  way 
of  smoke  prevention  in  small  plants  is  the 
fact  that  the  demand  for  steam  is  often 
greater  than  can  be  supplied  by  any  but  the 
most  wasteful  methods  of  firing.  Either  the 
growth  of  the  plant  has  not  been  accom- 
panied by  a  corresponding  increase  in  the 
capacity  of  boilers  and  furnaces,  or  they 
were  originally  too  small  to  do  their  work 
economically  and  well.  The  result  is  that 
the  fires  must  be  forced,  regardless  of  smoke 
or  waste.  A  management  that  permits  this 
condition,  generally  sees  economy  in  employ- 
ing a  cheap  fireman,  with  the  result  that  a 
bad  matter  is  made  still  worse,  and  the 
general  public  must  suffer  for  this  inexcusa- 
ble greed  and  ignorance. 

In  spite  of  all  its  apparent  difficulties, there 
is  nothing  in  the  problem  of  smoke  preven- 
tion in  small  plants  that  cannot  be  solved 
by  the  application  of  simple  and  well-known 


engineering  principles.  Furnaces  can  be 
proportioned  to  suit  the  demand  for  steam 
and  the  quality  of  the  fuel.  The  worst  casee 
of  insufficient  draft  can  be  cured,  dtb«r 
by  a  correctly  proportioned  chimney  or  by 
some  system  of  artificial  draft.  Such  special 
devices  as  practical  experience  and  correct 
scientific  principles  show  are  applicable  may 
be  used  as  aids  to  trained  and  intelligent 
firemen,  on  whom,  however,  the  first  depend- 
ence must  be  pla(^. 

In  the  small  plant,  the  mechanical  uni- 
formity of  firing,  which,  under  the  more 
favorable  conditions  of  the  large  plant,  is 
profitably  obtained  by  the  use  of  automatic 
stokers,  must  be  supplied  by  the  vigilance 
of  a  well-trained  and  intelligent  man,  a  man 
who  is  not  only  able  to  understand  all  the 
principles  involved  and  the  best  methods  of 
applying  them,  but  is  also  willing  to  devote 
his  time  and  attention  exclusively  to  bis 
work.  Intelligence  and  application  of  this 
order  command  wages  considerably  in  exeess 
of  that  given  to  ordinary  labor ;  money  bo 
invested  will,  however,  pay  large  and  imme- 
diate dividends  in  Aiel  saved  and  in  a 
decrease  in  repair  bills.  Further,  the  public 
has  a  right  to  demand  that  all  means  for 
eliminating  the  smoke  nuisance  be  utilized 
to  the  greatest  practicable  extent 

As  a  brief  sunmiary,  the  following  outline 
is  presented  of  a  plan  that  may  now  be 
utilized  to  free  our  cities  from  smoke  with- 
out prohibiting  the  legitimate  use  of  soft 
coal,  the  fuel  on  which  our  manufacturers 
must  largely  depend :  The  by-product  system 
of  coking  is  to  be  made  to  furnish  gas  for 
domestic  heating  and  for  the  operation  of  gas 
engines  in  small  manufacturing  establish- 
ments ;  it  will  also  furnish  a  supply  of  coke 
for  those  purposes  where  a  smokeless  solid 
fuel  is  essential  br  desirable.    Large  central 
power  stations,  in  which  the  most  approved 
automatic  stokers  may  be  profitably  used  for 
burning  any  grade  of  soft  coal  without  tiie 
production  of  smoke,  are  to  furnish  electric 
current  for  heat,  light,  and  power  ;  they  will 
also  supply  compressed  air  and  hydraulic 
power  for  the  particular  purposes  for  which 
these  systems  are  specially  adapted.     To  a 
certain  extent  the  central  station  can  also 
profitably  furnish  steam  for   heating  pur- 
poses.   Finally,  an  intelligent  supervision  of 
all  plants,  one  that  will  insure  such  a  con- 
struction and  management  of  boilers  as  will 
effectually  prevent  smoke,  must  be   noain- 
tained. 

This  outline  involves  no  untried  or  doubt- 
ful engineering  expedients  ;  each  feature  has 
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been  proved  by  actual  practice  to  be  success- 
Ail,  and  the  manufacture  of  gas  and  the  use 
of  central  stations  are  rapidly  becoming  prof- 
itable commercial  enterprises,  and  already 
have  a  beneficial  efiect.    It  now  remains  for 


the  people  to  demand  that  the  pollution  of 
the  air  they  breathe  be  as  thoroughly  pre- 
vented as  is  the  poisoning  of  their  water 
supply  by  scarcely  less  harmful  waste 
products. 


A  LESSON  IN  FREEHAND  LETTERING. 


Chas.  J.  Allen. 


Lettebino  Used  Exclusively  by  Mechanical  Draftsmen— Styles  of  Letters  Used  for 

Titles  and  Working  Drawings. 


THE  lettering  and  figuring  of  drawings 
is  treated  by  many  draftsmen  as  a  mat- 
ter of  slight  importance — as  altogether 
seeondary  to  the  drawing  itself.  In  fact,  the 
general  appearance  of  many  drawings  is 
greatly  marred  and  in  some  cases  entirely 
ruined  by  slighting  the  formation  of  the 
letters  used  in  the  title  or  in  the  description 
of  its  parts,  while  the  drawing  itself  may  be 
executed  in  a  perfect  maimer. 

Perhaps  the  reason  for  poor  lettering  on 
drawings  is  that  some  draftsmen  have  a 
natural  dislike  for  attempting  anything  in 
the  line  of  freehand  work,  or  they  may  never 
have  had  a  helping  hand,  either  in  the  form 


are  severely  plain  and  free  from  any  embel- 
lishment ;  therefore,  only  such  styles  are 
used  as  can  be  made  with  rapidity,  and 
show  throughout  their  construction  a  uni- 
formity and  symmetry  that  is  only  possible 
to  obtain  in  lettering  by  following  the  estab- 
lished forms  and  rules.  At  first  these  rules 
may  seem  to  be  somewhat  of  a  restraint  to  the 
draftsman,  but  by  practice  they  soon  become 
fixed  in  the  mind.  The  styles  described  here 
have  become,  by  common  consent  among  the 
leading  draftsmen  throughout  the  country, 
the  popular  styles  used. 

The  capitals  and  lower  case,  with  their 
corresponding  numerals,  are  used  more  than 
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of  practical  hints  or  by  having  had  access  to 
aome  good  volume  treating  on  the  subject.  A 
class  of  draftsmen  may  be  mentioned  ( though 
not  to  their  credit)  whose  pride  in  their  work 
ceases  with  its  completion  exclusive  of  the 
lettering,  and  who  are  satisfied  to  express 
the  description  and  measurements  in  any 
irrefi^alar  form  of  letter  or  figure.  But  for 
the  benefit  of  the  progressive  draftsman,  the 
few  illustrations  and  suggestions  contained 
in  this  article  are  contributed  with  the  desire 
that  he  may  find  them  of  profit,  and  an 
incentive  to  a  further  study  of  styles  and 
systems  of  lettering. 

The   styles  of  letters  used   for  working 
drawings  will   first   be  considered.    These 


any  other  form  of  letter,  and  to  them  we 
invite  the  reader's  carefiil  attention,  while 
we  note  the  characteristic  features  of  each 
letter. 

The  capitals  should  be  twice  the  height  of 
the  lower-case  letters,  as  shown  in  Fig.  1. 
The  slope  of  all  letters  and  numerals,  as 
determined  by  the  map  department  of  the 
United  States  Geological  Survey,  should  be 
three  parts  of  base  to  eight  of  height,  as 
shown  in  Fig.  2,  this  having  proved  to  be  the 
most  natural  incline  to  maintain  in  lettering. 
And  here  a  word  might  be  fittingly  spoken  re- 
garding a  strict  observance  of  this  slope,  as 
one  letter  in  a  word  not  parallel  with  this  line 
causes  the  entire  word  to  appear  distorted. 
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The  capitals,  although  single  pen-stroke 
letters,  are  made  proportionate  with  the 
Egyptian,  or,  as  designated  by  printers,  the 
Gothic  style.  These  should  be  somewhat 
condensed  from  the  normal  width  of  the 
letter,  or  the  width  should  be  i  the  height, 
with  the  exception  of  the  E,  Fj  aad  L, 
which  are  i  narrower,  and  the  M  and  W, 
which  are  i  wider.  The  middle 
bar  of  the  A  is  placed  i  the  height 
of  the  letter  above  the  bottom 
line,  while  the  middle  bar  of  the 
By  Ey  Fy  Oy  Hy  aud  character  <(r 
are  i  their  height  above  the  cen- 
ter of  the  letter,  and  the  P  and  R 
are  the  same  distance  below  the  center  line. 
The  0  and  Q  are  perfectly  elliptical,  and  the 
C  and  Q  should  be  made  to  conform  to  them 
as  nearly  as  possible. 

The  lower-case  letters  of  this  style  should 
be  spaced  with  great  accuracy,  allowing 
as  little  interspace  as  possible  between 
letters.  These  letters  should  be  \  the 
height  of  the  capitals.  Letters  extending 
above  the  line  should  reach  the  height  of 
the  capitals,  while  those  extending  below 
the  line  should  be  shortened  somewhat. 
The  principal  feature  of  the  lower-case 
letters  is  shown  in  Fig.  3.  The  oval,  or  egg, 
shape  is  used  in  two  positions — the  dotted 
lines  showing  all  letters  in  which  it  occurs, 
and  the  proper  relation  of  this  characteristic 
feature  to  the  rest  of  the  letter.  In  Fig.  4  is 
shown  another  component  feature  of  these 
lower-case  letters,  occurring  in  the  letters 
hy  m,  n,  and  u.  Those  who  closely  observe 
letters  and  the  motive  expressed  in  every 
line  and  curve  will  readily  trace  this  to  its 
prototype,  namely,  the 
script.  This  curved  line  is 
tangent  to  the  main  stroke, 
i  the  height  of  the  letter 
below  the  upper  and  above 
the  bottom  lines.  Where 
two  letters  /  occur  in  a 
word,  the  second  is  usually 
carried  below  the  line,  as 
shown  in  Fig.  1.  Great 
care  should  be  used  in  making  the  numerals 
occupy  the  same  position  of  incline  as  the 
capitals,  as  few  of  the  numerals  possess  a 
vertical  stroke.  The  ellipse  of  the  6  has  its 
axis  on  a  line  with  the  top  of  the  upper 
stroke,  and  a  line  drawn  from  the  center  of 
the  top  of  the  7  gives  the  point  reached  by 
the  slanting  stroke  on  the  bottom  line.  The 
same  characteristic  that  occurs  in  the  S  is 
shown  in  the  8y  which  has  its  lower  portion 
ioined  on  the  upper,  which  is  a   perfect 


/ 
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Fig.  3. 


ellipse.  Fractions  are  expressed,  as  shown 
in  Fig.  1,  by  using  the  dividing  bar,  or  thifl 
may  be  omitted,  in  which  case  the  figures 
can  be  made  larger. 

Another  pen-stroke  letter,  very   popular 
with  draftsmen,  especially  for  descriptive 
work  in  preliminary  or  un- 
finished drawings,  is  shown    "/' 
in  Fig.  5.    This  style  of  let-  .. 
ter,   if  stripped  of  all  the 
ornamental    attachments 
shown  in  the  figure,  can  be  ^'  ' 

made  with  greater  rapidity  than  any  other 
letter  used,  the  slope  to  the  left  being  the 
reverse  of  Fig.  2. 

Shaded  letters  are  scHnetimes  used  by  the 
draftsman  where  the  lettering  is  of  such  a 
nature  as  to  require  distinction  in  its  general 
character  from  other  descriptive  matter. 
The  Italic,  or  half-script  (as  it  is  sometimes 
called),  shown  in  Fig.  6,  fills  this  require- 
ment, showing  a  marked  difference  from 
that  of  Fig.  1,  and  is  also  a  letter  easily  made 
on  account  of  its  likeness  to  the  script,  which 

Fig.  6. 

is  familiar  in  its  points  of  construction  to 
every  draftsman.  The  capitals  used  for  this 
style  of  lettering  are  the  Roman  Italic,  and 
require  considerable  study  and  practice  to 
insure  giving  them  their  proper  proportion 
and  slant.  The  Roman  figures  are  need 
with  this  style  of  letter,  or  the  single-stroke 
numerals  may  be  used. 

The  selection  of  the  proper  letter  to  be 
used  for  a  title  should  by  no  means  have  a 
secondary  place  in  our  consideration.  The 
title  is  the  most  conspicuous  part  of  the 
drawing,  and  is  usually  composed  of  very 
few  letters,  so  that  the  draftsman  can  well 
afford  to  make  these  few  letters  appear  to 
the  best  advantage  within  the  possibilities  of 
his  skill  as  a  letterer.  There  are  but  few 
styles  used  for  this  purpose.  The  Half 
Block,  Egyptian,  Antique  Egyptian,  and 
Roman,  shown  in  their  respective  order  in 
a  and  6,  Fig.  7,  a,  Fig.  8,  and  c.  Fig.  7.  These 
letters  are  easily  constructed,  so  that,  by  a 
careful  study  of  Fig.  7  and  the  prindplee 
shown  in  these  three  letters,  the  draftsman 
who  has  confined  himself  to  one  style  of 
letter  may  find  in  them  practical  suggestions 
for  a  new  field  of  practice. 

The  Half  Block  is  entirely  a  mechanical 
letter  (or  is  made  by  the  use  of  the  pen  and 
ruler);  h  and  c  are  freehand  letters,    but 
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system  has  rendered  their  construction  as 
simple  as  the  former.  This  Half-Block  letter 
is  comprised  in  a  rectangle  whose  width  is 
i  its  height,  divided  as  in  a,  and  it  might 
well  be  classified  as  a  kindergarten  letter,  on 
account  of  its  being  the  simplest  form  of 
letter   in  use;   and  the  block  system  by 


Pig.  6. 

which  it  is  constructed  not  only  insures  the 
proper  width  of  the  letter,  but  gives  it  a 
uniform  stroke.  It  is,  therefore,  the  popular 
letter  for  titles  on  drawings.  There  are 
many  draftsmen,  however,  who  are  not 
confined  to  mechanical  lettering  for  titles. 
As  all  lettering  on  drawings,  exclusive  of 
the  title,  is  freehand,  it  should  be  regarded 
as  no  breach  of  harmony  in  employing  free- 
hand lettering  throughout  the  work.  In 
drafting  rooms  where  this  is  not  allowable, 
it  is  on  account  of  the  limited  knowledge  of 
this  subject  among  draftsmen  that  causes 
them  as  a  whole  to  employ  the  kindergarten 
letter  referred  to. 

If  the  reader  will  turn  his  attention  to 
some  of  the  plainest  freehand  letters,  and 
will  note  the  simplicity  with  which  they 
are  constructed,  he  will  find  that  the  two 
styles  b  and  c  of  Fig.  7  are  not  as  difiSicult 
to  make  as  he  may  have  supposed.  The 
same  lined  rectangle  is  used  for  b  as  pre- 
viously described  for  a.  Place  12  points  as 
follows:  On  the  vertical  line  marked  S  at 
all  intersections  of  horizontal  lines,  on  1 
midway  between  b  and  c,  and  opposite  this 
on ;?,  and  likewise  on  6  between  d  and  e,  and 
opposite  on  4;  also,  at  points  5  b  and  ie. 
From  point  Sa  to  Sd  draw  a  semiellipse, 
tangent  to  the  point  between  b  and  c  on  i, 
and  from  Sb  to  ^c,  parallel  with  the  first 
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Fig.  7. 

line  drawn,  and  from  Sa  to  5b,  The  end  of 
the  stroke  is  cut  ofi*  on  an  angle  parallel 
with  a  line  drawn  from  5  b  to  le  on  which 
the  curve  is  finished  from  S  6.  Having  per- 
formed one  half  of  the  letter  5,  it  is  an  easy 
matter  to  reverse  the  operation  and  complete 
the  letter.  Great  care  should  be  exercised  in 
making  the  stroke  of  all  round  letters  of  this 
Egyptian  style  uniform  in  width. 


IDOE 


a 


TO  LET 


b 

Fig.  8. 


The  Roman  letter  R,  shown  in  c,  Fig.  7, 
is  made  by  drawing  five  horizontal  lines  at 
an  equal  distance  apart,  crossed  by  five 
vertical  lines,  making  16  squares  of  equal 
size.  The  stroke  of  this  letter  occupies  a 
square  in  width,  and  is  the  same  at  the 
maximum  width  of  the  crescent,  as  it  is  at 
the  double-curve  tail  of  the  letter.  The  spur 
of  the  Roman  letter  is  one-quarter  of  a 
circle  whose  diameter  is  1^  times  the  width 
of  the  stroke.  The  tail  of  the  R  is  located 
by  equally  dividing  its  width  by  a  line 
vertical  with  the  inside  of  the  crescent 
stroke,  and  this  tail  is  drawn  by  uniting  two 
ogee  curves  at  the  ends,  the  curves  being 
reversed  at  line  ^. 

The  letter  shown  in  a  of  Fig.  8  (the 
Antique  Egyptian)  is  the  same  in  contour 
as  example  6,  Fig.  7,  with  the  exception  of 
the  spur,  which  is  the  characteristic  feature 
of  this  letter.  The  heavy  shade  shown  on 
this  letter,  giving 
it  a  beveled  efiect, 
is  but  a  letter-face 
treatment,  and 
forms  no  part  of 
the  style  of  the 
letter. 

The  cut-in  letters 
shown  in  b  simply 
require  a  filling  in  of  the  panel,  after  the 
letters  have  been  first  outlined,  and  the  lines 
drawn  forming  the  panel  and  leaving  the 
letters  white.  This  method,  for  the  small 
amount  of  extra  time  and  work  expended, 
gives  a  most  pleasing  effect  for  a  title 
on  a  drawing.  The  draftsman  should  use 
great  care  in  locating  his  descriptive  mat- 
ter on  a  drawing,  that  it  may  not  be 
mistaken  as  applying:  to  some  other  part 
than  that  intended ;  especially  is  this  true 
when  an  open  space  is  used,  somewhat 
removed  from  the  point  referred  to.  The 
arrow  should  never  be  omitted  when  this 
occurs. 

In  working  drawings,  such  as  a  bridge 
elevation  or  other  similar  work,  the  descrip- 
tive matter  should  follow  the  same  angle 
as  the  portion  to  which  it  refers.  Topo- 
graphical maps  are  very  liable  to  appear 
crowded  and  confused  unless  due  regard  is 
paid  to  the  direction  the  letters  point,  the 
proper  size  and  form  of  letter  used  to  express 
every  component  part  of  a  map,  the  water- 
ways according  to  their  importance  ;  moun- 
tains, cities,  towns,  etc.  all  have  an  exact 
size  and  form  given  them  according  to  regu- 
lations prepared  by  the  map  department  of 
our  goverment. 
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Fitting  in  Motion  Pins — Desiderata  in  a  Bearing — Something  Euse  Required  Besides  a 

Smooth  Surface — Scraping  Up  Slide  Valves  and  Seats. 


AGAIN,  link-block  pins,  eccentric-rod  pins, 
.  etc.  are  made  a  good  but  free  fit ;  these 
want  to  be  just  as  good  a  fit  as  will 
let  enough  oil  get  to  them.  The  pins  are 
turned  up  and  the  holes  drilled  true  and 
smooth.  After  all  parts  are  hardened,  the 
pins  are  buffed  and  the  holes  lapped  out  if 
required.  Now,  if  these  holes  were  made 
so  that  when  quite  dry  the  pin  would  just 
move  through  without  any  seizing — like  a 
ring-and-plug  gauge,  in  fact — it  would  be 
too  tight  a  fit  when  working,  for  there 
would  be  no  room  for  the  oil.  A  pin  of  this 
kind  may  have  an  appreciable  amount  of 
shake  when  all  is  dry  and  clean,  and  yet  be 
a  good  fit  when  oiled.  It  must  also  be 
remembered  that,  when  lapping  out,  the 
hole  will  get  quite  warm  and  so  be  larger 
than  when  cool.  As  to  the  amount  of  play 
in  the  hole — weD,  we  never  tried  it  over,  but 
should  say  it  was  about  half  a  hundredth. 

These  motion  pins  are  preferably  made  of 
wrought  iron,  and  case-hardened.  With 
care  in  the  quenching,  they  come  out  pretty 


Fig.  1. 

straight.  Clean  them  up  in  a  lathe  with 
emery  clamps,  and  if  found  to  be  at  all  oval 
put  them  on  the  buff ;  they  may  then  be  all 
right  in  the  holes,  perhaps  a  little  slack,  in 
fact.  If,  when  cleaned  up,  they  are  found 
not  to  be  oval,  simply  lap  them  into  the 
holes  again,  for  they  are  sure  to  be  large  all 
around — pins  will  seldom  go  into  the  holes 
after   hardening,   for   they    nearly    always 


shorten  and  swell,  and  the  holes  also  dose 
in  a  little  in  quenching.  In  buffing  a  pin 
like  that  in  Fig.  1,  it  is  advisable  to  work 
chiefly  on  the  side  where  the  taper  pin  sets ; 
this  will  insure  the  pin  p  bearing  well  on  the 
groove,  and  yet  not  sufficiently  so  to  impair 
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Fig.  2. 

the  general  tightness  of  its  fit.    It  may  be 
added  that  these  pins  and  that  shown  in 
Fig.  2  should  project  from  the  hub  a  dis- 
tance equal  to  the  diameter  of  the  pin.    This 
is  chiefly  a  matter  of  appearance.    Even  if 
the  designer  could  feel  assured  that  the  pin 
would  never  be  driven  down  at  all,  he  should 
make  it  stand  out  that  amount  when  new. 
There   is   another  small   matter  of   detail 
connected  with  these  taper  split  pins  that 
may  be  mentioned.    If  the  split  end  of  the 
pin  is  left  too  short,  it  is  liable  to  crack 
when  opened  out,  if  the  edge  of  the  pin 
hole  is  left  square  as  is  the  general  custom. 
The  next  time  the  side  rod  is  taken  down, 
all  the  force  of  starting  the  pin  comee  on 
the  split  end,  and  even  if  it  stands  that,  it  is 
almost  sure  to  break  when  next  it  is  opened 
out.    To  secure  a  long  bend  and  avoid  the 
unsightUness  of  the  pin  projecting  too  far 
through  the  collar,  we  could  countersink  the 
hole  as  shown  in  Fig.  3,  using  only  a  alight 
taper  and  making  the  profile  of  the  tool 
a  little  hollow.    Now,  some  draftsman  may 
remark  on  the  cost;  he  has  perhape  been 
pulled  up  by  his  chief  at  some  time  or  other 
on  account  of  cost  of  production,  and  ever 
afterwards  has  worked  this  idea  (of  cheap- 
ening things)  to  the  point  of  overdoing  it. 
The  above  idea,  however,  cannot  be  denned 
a  very  expensive  one — it*s  worth  the  outlay, 
anyway.    As  a  finishing  touch  to  these  pins, 
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jnat  mak«  a  nick  with  the  file  edge  along 
the  split  in  the  bottom  end  ;  the  erector 
who  has  to  open  them  out  will  appreciate  it. 

While  diflctuaing  cases  of  overdoing  it, 
■omething  ma;  be  said  abont  getting  up  a 
bearing  too  careflilly.  The  tyro  thioVs  that 
becanee  a  bearing  requiree,  broadly  ipeak- 
ing,  to  be  smooth,  it  should  therefore  be  as 
near  like  a  mirror  as  he  can  get  it.  Now, 
when  this  is  bo,  the  oil  has  difficulty  in 
getting  in  and  keeping  there,  especially  if  it 
it  a  poor  thin  oil  or  the  parts  are  at  a  high 
tonperature  or  under  excessive  pressure. 
We  may,  at  the  outset,  lay  it  down  as  a 
principle  that  all  bearing  enrfacea  ahonld  be 
left  as  they  come  ^m  the  machine.  It  may 
be  a  main  crankpin  brass,  a  driving  brass, 
or  a  slide  valve — in  all  these  and  similar 
cases,  if  the  bearing  is  sufficient  and  in  the 
right  place,  don't  touch  it  Sometimee  a 
valve  will  spring  a  little  when  taken  ont  of 
the  planer  or  lathe ;  it  must  then  be  brought 
to  a  bearing  with  file  and  scraper.  The  lat- 
ter tool  is  handy  in  the  final  stage,  hut  do 
not  attempt  to  give  the  iace  a  "motley" 
finish,  as  though  you  were  making  a  boiled- 
oil  joint.  Again,  a  brass  may  bear  on  the 
Slleta;  if  so,  ease  them  oS.  Or  the  journal 
Qiay  be  hollow  (or  the  reverse),  and  the 
brass  have  been  bored  out  straight ;  if  so, 
bring  it  to  the  proper  bearing. 

If  a  driving  box,  it  should  be  bortd  out 
small,  and  then  eaaed  at  the  sides  (at  m.m  in 
Fig.  4 ),  so  as  to  bring  it  to  bear  at  n,  n  and 
clear  j'l"  at  o.  If  a  main-rod  brass,  bore  it 
ont  with  a  piece  of  thick  tin  in  the  joint ; 
it  will  then,  when  put  up  (withont  the  tin, 
of  courae),  be  about  j^"  bigger  top  and 
bottom  than  fore  and  aft  ;  the  brass  ought 
not  to  want  touching  at  all. 

The  case  siands  thus  :  To  insure  a  bearing 
ranning  cool,  we  must  look  after  four  things  : 


( 1 )  see  that  everything  is  fair  and  square ; 
{2)  bavea  sufficient  bearing  surface  and  in 
the  right  place;  (3)  give  a  proper  amount 
of  side  play  ;  and  (4)  have  a  free  and  liberal 
labricfttton. 
Aa  r^arde  (1):  See  that  the  inain  rod  is 


"out  of  winding  "  and  that  the  brass  is  bored 
out  fiur.  The  rod  should  be  in  such  con- 
dition as  to  stand  the  following  test,  if 
applied :  Couple  up  the  frout  end  and 
see  if  the 
stub  end  of 
the  rod  stands 
fair  with  the 
main  pin; 
then  uncouple  / 
the  Axtnt  end 
and  couple  up  ^ 
the  back  end, 
and  see  if  the 
front  end 
stands  fair 
with  the 
wristpin.      Ii  *""■■  *■ 

O.  K.  at  both  ends,  we  know  there  will 
be  no  croBs-binding  on  the  rod  when  all 
coupled  up.  By  "standing  fair"  we  mean 
that  not  only  should  the  rod  end,  aa  a 
whole,  he  square  with  the  pin,  but  that  it 
should  also  have  no  twist  in  it.  Thus,  the 
two  bearings  should  be  parallel  with  each 
other  as  viewed  both  in  plan  and  elevation, 
and  also  each  be  normal  to  the  vertical  aiia 
of  the  rod.  If  tbis.is  so  and  the  wristpin  is 
borisontal  and  square  with  the  line  of  stroke 
and  the  main  crankpin  is  bored  iair  into  the 
wheel  hub  and  the  pedestals  are  square  with 
the  line  of  stroke,  we  have  condition  (1) 
satisfied,  ao  fiir  as  the  main  rod  ia  concerned. 

Agrf^ards  (2):  The  main-rod  brass  should 
hear  as  shown  by  the  dark  lines  in  Fig.  5. 
If  a  braes  is  bored  out  while  sweated 
together,  the  clearance  at  top  and  bottom 
must  be  filed,  finishing  ofi'  with  the  scraper. 
If  reboring  old  brasses  {as  when  a  fresh  pair 
of  wheels  with  larger  journals  have  been  put 
in),  insert  a  piece  of  aheet  iron  ^"  thick  in 
the  joint  and  bore  out  to,  say,  6^".  Then, 
when  the  iron  is  taken  ont  and  the  brass 
keyed  up,  the  diameter  back  and  front  will 
be6"andtopandbottom6t';".  Thisscheme 
can  also  be  adopted  in  new  work,  the  braseee 
being  keyed  ap  in  the  strap,  or  else  clamped 
together  if  the  rod  haa  a  forked  end.  The 
brass  should  in  no  case  bear  on  the  fillets. 

The  driving  box  should  be  bored  out  fair 
— parallel  with  the  side  faces  where  it  fit« 
into  the  pedestal,  and  also  at  right  anglee  to 
the  fianges  of  bos.  It  is  of  little  uae  having 
a  box  show  a  good  and  sufficient  bearing 
when  tried  separately  on  the  journal,  if  the 
thing  is  going  to  be  twisted  out  of  square 
when  the  engine  is  wheeled.  A  driving  box 
should  be  bored  out  ,=i"  smaller  than  the 
journal,   so   Bs  to   keel)   >t   off   the    crown. 
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Young  mechanics  (and  a  good  many  old 
onee  too,  for  that  matter)  fail  to  discriminate 
between  driving  and  "carrying**  wheels, 
when  fitting  the  boxes  up.  The  action  of 
the  main  rod  tends  to  make  the  journal 
knock  inside  of  the  brass ;  now,  if  the  crown 
of  the  brass  is  let  down  on  to  the  journal  in 
the  first  place,  it  will  bear  on  there  still 
harder  when  the  engine  is  wheeled,  and  the 
effect  will  be  that  of  a  journal  in  a  brass 
of  larger  diameter  than  itself,  as  shown 
exaggerated  in  Fig.  6.  It  will  be  readily 
seen  how  such  a  journal  will  move  to  and 
fro  under  stress  of  the  steam.  All  brasses, 
in  short,  ought  to  be  fitted  as  in  Fig.  4,  clear- 
ing the  journal  about  ^^^  at  the  crown  o 
and  bearing  only  on  the  hatched  portions 
n,  n.  A  day  or  two*s  wear,  aided  by  the 
weight  of  the  engine,  will  bring  the  brass 
to  a  bearing  non,  and  this  bearing  will  be 
so  **  solid  **  as  to  prevent  any  knock  between 
journal  and  brass. 

Some  people  make  the  bearings  extend 
all  round  to  m,  m,  their  idea,  we  will  chari- 
tably suppose,  being  not 
so  much  to  give  extra 
load-carrying  surface  as 
to  insure  against  knock. 
But  where  round  brasses 
are  used,  the  tendency  is 
to  close  in  under  the 
weight  of  the  engine  and 
the  wearing  of  the  brass, 
this  tendency  being 
aggravated  if  the  latter  gets  hot.  Hence,  the 
brass  is  liable  to  grip  the  journal  at  the  sides, 
and  it  does  not  take  much  of  this  kind  of 
thing  to  annoy  a  journal  and  make  it  seize. 

Concerning  (3):  It  is  very  important  that 
a  bearing  have  proper  side  play,  whether  it  be 
a  driving  box,  a  main  rod,  or  a  side  rod.  The 
erector  has  no  latitude  in  this  matter,  on  new 
work ;  has  only  to  see  that  the  drawing  is 
carried  out.  On  repairs,  however,  if  **  work- 
ing in'*  strange  brasses,  or  lining  up  boxes 
and  brasses  sideways,  he  must  see  that  the 
right  side  play  is  given  in  the  lathe  or  boring 
mill.  The  nature  of  the  road  has  a  lot  to  do 
with  the  amount  allowed — from  Y^  to  ^^^ 
lateral  play  for  driving  boxes,  besides  the 
play  in  the  box  flanges.  Main  rods  are  given 
^Y^  at  the  front  end  and  ^^^  at  the  back. 
(In  European  practice — inside  cylinders — 
they  have  J'^  at  back. )  Side  rods  on  ordi- 
nary roads  should  have  jY^i  o^  very  sharp 
curves,  twice  or  three  times  this  is  often 
given.  Sometimes  the  rear  crankpins  are 
made  spherical — having  then  no  side  play. 


Fig.  5. 


As  regards  (4)  :  The  most  general  practice 
has  been  to  feed  the  oil  through  a  bole  in 
the  crown  of  the  brass,  an  oil  groove  extend- 
ing the  whole  length  of  the  bearing,  except 
about  an  inch  at  each  end.  This  groove  Ib 
generally  made  V^  wide,  which  is  twice  as 
much  as  necessary,  and  is,  anyway,  to  be 
deplored,  as  it  robs  the  brass  of  bearing  sur- 
face just  where  it  is  most  valuable.  Two  Y^ 
grooves,  3}^^  apart,  one  on  either  side  of  the 
center  line,  would  be  worth  a  trial. 

The  cellar  should  be  provided  with  a 
proper  pad  or  sponge  to  soak  up  the  oil 
carried  around  by  the  journal  and  restore 
it  to  the  latter.  It  also  keeps  the  dirt  and 
grit  off  of  it.  Use  a  good  oil  in  preference 
to  grease;  never  use  valve  oil.  Keep  all 
worsted  trimmings  clean. 

To  return  to  the  main  point :  It  is  useless  to 
get  up  too  nice  a  face  if  the  above  four  items 
have  not  been  attended  to,  and  if  they  haoe, 
it's  unnecessary.  Consider  two  bearings  A 
and  B,  equally  in  trim  as  r^;ards  the  above 
conditions,  A   however   not   having   been 

touched  since  leaving  the 

machine,  preserving  all 

the  little  ridges  left  in  by 

the  tool  (a  spring  tool 

should  never  be  used), 

while  B  has  been  got  up 

with  a  scraper  till  the 

journal,  when  rubbed 

Fig.  6.  with   the  hand  and  a 

mere  speck  of  marking, 

**  spots  "  it  all  over.    Well,  we  claim  that  of 

the  two,  A  will  run  the  cooler  every  time 

Again,  some  workmen  will  scrape  away 
at  slide  valves  and  seats  till  they  are  as 
smooth  as  glass.    Their  next  door  neighbor, 
being  a  wiser  man,  will  just  try  his  valve 
over  with  the  surface  plate  to  see  if  it  has 
sprung  at  all  when  taken  out  of  the  machine, 
and  if  so,  will  dress  it  down  with  file  and    « 
rough  scraper.    All  he  wants  to  insure  is 
that  both  the  surfaces  are  plane  and  true. 
If  he  can  leave  them  with  the  tool  marks  in, 
so  much  the  better,  the  result  being  that  the 
valve  and  seat  will  not  show  a  quarter  of  the 
wear  that  the  other  will ;  this  savee  powor 
and  expense  of  renewals,  for  the  oil   will 
remain  in  the  numerous  small  hollows  or 
grooves,  the  valve  in  fact  seeming  to  float 
on  its  seat — ^and  not  to  have  that  more  per- 
fect and  metallic  contact,  which  causes  the 
wear.    Treating  the  faces  thus,  is  the  more 
necessary  as  the  great  heat  in  the  steam 
chest  vaporizes  the  oil  and  robs  it  of  its  body 
— ^thus  letting  the  valve  down  on  to  its  seat. 
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PART   III. 


LET  us  now  euppoee  that  the  firm  with 
whom  we  have  placed  oar  young  de- 
signer is  meeting  with  success  in  selling 
their  new  style  of  press,  that  orders  come  in 
for  different  sizes,  and  that  therefore  it  is 
decided  to  invest  in  new  patterns  for  a  whole 
line  of  presses.  The  original  machine  having 
stood  the  test,  it  is  taken  as  a  basis  from 
which  the  other  sizes  shall  be  evolved. 
Here,  then,  is  another  of  the  jobs  that  fall 
to  the  lot  of  the  young  designer.  He  is  given 
the  complete  set  of  drawings  of  the  original 
machine,  and  necessary  data  as  to  sizes 
reqaired,  and  learns  that  there  are  to  be 
machines  varying  in  power  as  well  as  in 
throat  depths ;  for  instance,  for  the  machine 
of  230,000  pounds  pressure  there  are  to  be 
nine  different  frames,  with  throat  depths  of 
from  12  to  60  inches,  varying  by  6  inches. 

Now,  we  have  seen  that  a  change  of  throat 
depth  affects  the  strength  of  the  frame  con- 
siderably ;  we  have  also  seen  that  the  bend- 
ing stress  produced  by  the  load  is  inversely 
proportional  to  the  moment  of  inertia  /  of 
the  section .  This  moment  of  inertia  increases 
very  rapidly  with  the  dimensions  /jq,  ^i,  etc. , 
while  it  grows  but  slowly  with  increase  of 
the  dimensions  6^,  b^  etc. ;  in  other  words, 
we  should  strengthen  the  frame  by  increasing 
the  depth  fi^  rather  than  the  width  b^.  So 
long  as  the  pressure  P  remains  the  same, 
there  is  no  need  to  increase  the  width  at  all, 
as  the  diameter  of  the  main  shaft  and  the 
other  parts,  of  the  mechanism  are  but  little, 
if  at  all,  affected  by  the  change  of  throat 
depth.  For  the  line  of  frames,  then,  for  the 
same  power  as  that  of  the  original  press 
(that  is,  230,000  pounds),  we  can  leave  the 
dimensions  6o,  6„  etc.  the  same,  and  simply 
change  the  dimensions  /to,  /ii,  etc.  in  a  cer- 
tain proportion,  which  remains  to  be  deter- 
mined, in  the  shape  of  a  factor  with  which 
to  multiply  ^oi  ^i»  6^>  Calling  this  factor  x^ 
and  noting  that  Aq  =  -fto^o*  -^i  =  ^i  ^i>  etc., 
we  shall  have  for  the  new  section  : 

Aq^  =  b^xhi  =  xb^h^  :=  X Aq\ 

Ax'  =  xbihi  =  xA^; 

etc. 


Wq      —   Ur  ^Q  /?Q  J 


Aq  "0    —  ^  Aq  h^ 


A/  h/  =  x'Ax  /i, ;      A/  V  =  ^  ^1  V  ; 

etc.  etc. 

From  these,  following  up  the  formulas 
given  in  Part  II  of  this  article,  we  easily 
establish 

a'  :=  xa; 

ho'  — a'  =  x(ho  —  a); 

I'  =  a^L 

Now,  as  the  maximum  stress  is  not  to 

be  greater  than  in  the  original  machine,  we 

have  the  equation 

P      P  P  P 

(<,  +  xa)xaf 

which  leads  to  the  quadratic  equation  for  x  : 

^_     I-\-Aa^ At,a 

I-j-A(t-{-a)a      I+A(t-^a)a~   ' 

,  .    ■  I-^Aa^  „ 

makmg       r"r"^r:.T"— tt^  =  ^'* 


I-^-Aa'-^-Ata 

A  a 
I-^-Ad'-j-Ata 
Solving  for  x  we  get 


=  K 


-  V 


fiQ         /i,  h^ 


,  etc., 


based  on  the  condition  that  the  tension  in 
the  frame  shall  not  exceed  a  certain  limit. 
It  is  evident  that  a  different  value  for  x 
would  have  been  the  result  if  the  calculation 
had  been  based  on  the  compressive  stress  C 
in  the  frame.    Both  results,  however,  show 

that  the  ratios  .^-,    *-,  etc.  are  by  no  means 

"0        "1 

t 
equal  to  ' ;  that  is  to  tay,  it  would  have  been 

a  grave  mistake  to  increase  the  dimeneions 
/to,  /?i,  etc.  in  the  same  proportions  as  ^  The 
ratios  for  tension  and  compression  being 
different,  it  will  become  necessary  each  time 
to  calculate  both  stresses  for  any  adopted 
value  of  Xy  and  to  change  the  dimensions 
until  the  stresses  are  right.  It  is  thus  seen 
that  the  process  of  laying  out  sizes  is  by  no 
means  a  simple  one,  but  involves  a  great 
amount  of  calculation  back  and  forth. 

After  the  frames  for  these  presses  are  well 
worked  out,  they  are  practically  done,  as  the 
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other  parts,  ebaft,  eccentrics,  etc.  remain  the 
same ;  the  length  of  the  shaft,  of  coiuee, 
changes  with  the  throat  depth,  but,  as  in 
snch  mftchines  the  diameter  of  the  shaft  is 
choeen  so  as  to  give  it  excessive  strength,  it 
will  in  most  cases  be  rigid  enough  to  resist 
undue  distortion,  though  increased  somewhat 
in  length. 

It  is  different  for  theotbersiEes,  varjingin 
power.  Taking  again  the  original  machine 
as  a  basis,  the  working  parts  must  be  changed, 
and  in  these  cages,  it  is  these  ports  that  will 
determine  the  general  dimensions  ;  the  shaft 
is  subjected  prindpally  to  torsional  stress, 
and,  as  its  resistance  to  torsion  increases  with 
the  cube  of  its  diameter,  it  ia  evident  tb  at  the 
shafts  do  not  increase  in  diameter  in  the  same 
ratio  as  the  loads.  Moreover,  the  stroke  will 
have  to  be  changed  also,  making  matters 
still  more  complicated  than  in  the  case  of 
frames  for  different  throat  depths  but  equal 
powen. 

To  simplify  the  lat>or  connected  with  laying 


Pio.  I. 

out  sizee,  various  methods  are  resorted  to, 
the  three  principal  ones  being  formnlas, 
tables,  and  charts.  We  have  already  advo- 
cated the  use  of  formulas  as  most  efficient 
time  savers  whenever  practicable,  but  have 
also  shown  that  the  tentative  method  must 
be  resorted  to  as  soon  as  the  given  conditions 
in  the  problem  become  too  numerous  or 
indefinite.  In  such  a  case  the  problem  must 
be  subdivided,  and  each  division  probed  as 
to  its  underlying  conditions,  which,  when 
sufficiently  definite,  may  then  allow  of  a 
treatment  by  formulae. 

It  is  this  "probing  for  conditions"  to 
which  we  wish  most  especially  to  draw  the 
young  designer's  attention,  in  order  to  guard 
him  against  the  indiscriminate  use  of  for- 
mulas given  in  pocketbooks,  manuals,  and 
college  textbooks.    Mo«l  of  mwA  Jormtdat  art 


true  and  vmrJvX  only  under  the  tpedal  condition 
on  vikieh  they  are  bated.  Thus,  to  revert  once 
mot«  to  onr  example  of  the  punching  press, 
we  have  te  calculate  the  shafts  anew  for  the 
other  powers,  and  in  doing  so  may  be  tempted 
to  refer  to  some  authority  in  the  shape  of  one 
of  the  numeroos  pocket  memorandom  books, 
giving  under  "shafts"  various  formulas  of 
the  forms 

d  =  Ci^'^It'R,  and  d  =  C,\  PR, 
of  which  the  former  gives  the  diameter  d  of 
the  shaft  under  the  condition  that  the  tor- 
sional stress  caused  by  the  load  /'acting  on 
an  arm  R  is  not  more  than  a  predetermined 
amount  per  square  inch,  and  the  latter  under 
the  condition  that  the  torsional  deflection  of 
the  shift  does  not  exceed  a  certain  predeter- 
mined angle  per  foot  of  its  length.  Cand  C| 
are  constants,  varying  with  the  material 
and  with  the  action  of  the  load— that  ia, 
whether  acting  continuooely  or  intermit- 
tently, whether  constant  or  varying  in  mag- 
nitude, whether  productive  of  stress  always 
in  the  same  direction  or 
reversing  at  times,  and  so 
forth. 

Now,  it  is  evident  that, 
when  a  book  oT  fonnulas 
gives,  as  many  actually  do, 
only  the  above  formulas, 
with  fixed  values  for  Cand 
C,    without    further    com- 
'  ment,  they  are  worse  than 
useless  ;  and  if,  as  is  done 
in  the  bett«r  books,  varioos 
values  for  the  constants  are 
f  given  for  different  condi- 
tions and  materials,  the  for- 
mulas are  applicable  only 
under  the  same  conditions. 
Now,  as  was  mentioned  in  a  previous  article 
of  this  series,  the  mme  conditions  hardly 
ever  prevail  in  two  different  designs,  not 
even  in  machines  of  the  same  class,  so  that, 
even  in  cases  where  the  same  conditions 
seem  to  exist,  and  where  the  use  of  a  for- 
mula previously  established  for  the  same 
se^ns  justified,  the  reenlts  should  always  be 
checked  in  every  way  poesible.    For  inet^nce, 
in  the  case  of  the  shafts  in  our  example,  if 
we  have  made  nse  of  any  formula  for  the 
diameter,  we  should  calculate  the  streeaea 
produced  by  the  load,  and  also  the  deflec- 
tions, and   compare  the   results  with   the 
figures  fnmiEhed  by  experience  as  hmita  for 
safe  working  ttreee  and  distortion. 

When  it  is  clear  from  the  foregoing  that 
formulas  are  te  be  used  with  caution,  and 
only  with  fall  understanding  of  coDditiODS 
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on  which  they  rest,  it  is  at  once  evident 
that  tables  and  charts  or  so-called  diagrams 
are  still  more  to  be  regarded  as  applicable 
only  under  special  conditions.  They  are 
tabulated  and  graphically  represented  results 
of  formulas,  and  as  such  are  not  only  heirs 
to  the  peculiarities  of  the  formulas,  but  have 
moreover  lost  the  structure  indicating  the 
relations  between  the  various  determining 
elements. 

We  cannot  leave  the  subject  of  formulas 
and  charts  without  making  reference  to  a 
special  kind  that  has  great  prominence  in 


Fig.  2. 

all  matters  pertaining  to  machine  design. 
These  are  the  empirical  formulas  and  the  jyro- 
partianal  charts.  The  difference  between 
these  and  the  formulas  and  diagram's  above 
referred  to  is  that  the  latter  are  true  for  the 
same  conditions  for  any  magnitude  of  the 
varying  elements,  while  the  empirical  for- 
mulas and  proportional  charts  are  true  only 
between  certain  limits.  Thus,  the  above 
formulas  for  the  diameter  of  a  shaft  are 
true  for  the  same  permissible  working 
stress,  no  matter  how  small  or  how  large 
the  shaft  may  be.  They  are  based  directly 
on  the  theory  of  the  strength  of  materials. 
In  the  shape  of  diagrams  or  charts,  the  two 
formulas  can  be  represented  by  a  cubic  and 
biquadratic  parabola,  respectively.  The  em- 
pirical formula  is  not  so  derived,  but  is  the 
expression  of  the  mean  relation  between 
certain  variables  in  a  more  or  less  numerous 
collection  of  cases  in  actual  existence.  They 
form  the  greater  part  of  the  data  and  infor- 
mation contained  in  text  and  note  books  on 
machine  design.  To  give  an  example  :  The 
foniiliar  rule  for  the  diameter  of  the  inscribed 
circle  of  the  hexagonal  bolt  head  or  nut  is 

i)=  lid-f-r^ 
Thifl  holds  good  for  all  ordinary  sizes  between 
y^  to  S^^  bolt  diameter,  and  says  that,  if 
the  nut  diameter  D  be  made  1}  times  the 
bolt  diameter  simply,  it  would  be  too  small 
for  the  smaller  sizes,  and  therefore  V^  is 
added.  It  is  evident  that  the  larger  the  bolt, 
the  less  importance  this  i^^  will  have,  and 
beyond  the  3^^  size  it  would  be  ridiculous  to 
add  it — nay,  with  still  increasing  bolt  diam- 
eters one  would  go  below  lid. 

The  empirical  formulas  for  dimensions  of 


machine  parts  most  commonly  have  the  same 
form  as  that  for  the  nut  diameter  just  men- 
tioned, or  generally  the  form : 

which  means  that  y,  the  dimension  sought, 
is  not  simply  proportional  to  the  given  one 
Xf  but  a  constant  q  must  be  added  to  it.  The 
manner  in  which  the  factor  p  and  the  con- 
stant q  are  determined  in  our  example  will 
be  el^plained  in  connection  with  the  section 
.^  ^  of  our  press  frames  of  different  throat 
depths  and  equal  power. 
We  will  assume  that  the  sections  (a)  and 
(6),  Fig.  1,  are  given  as  the 
smallest  and  largest  size  estab- 
lished by  the  tentative  method, 
and  that  the  designer  is  required 
to  establish  empirical  formulas 
for  the  dimensions  of  the  inter- 
mediate sizes,  without  regard  to 
the  underlying  conditions,  such 
as  we  have  previously  been  taking  into 
account  in  finding  the  dimensions.  To  do 
this,  he  lays  out  the  small  and  large  section 
to  the  same  6cale,  their  center  lines  distant 
from  a  fixed  point  0  W  and  W\  respect- 
ively, as  in  Fig.  1.  Now  he  draws,  through 
the  corresponding  points  A  and  A'^  a  line 
intersecting  the  base  line  OX  at  Z,  The 
corresponding  points  of  the  intermediate 
sizes,  for  instance  A'\  that  of  42^^  throat, 
are  then  supposed  to  lie  on  this  line  ZA  A', 
From  the  geometry  of  Fig.  1,  and  with 
reference  to  the  notations  there  used,  the 
following  equations  are  easily  established  : 

n\x  =  q\ra\ 
y  =  n  +  g; 


from  which 
If  we  call 


9.  ^ 
m 


y  =   -x-i-  q, 

p,  we  get  the  typical  for- 


mula referred  to  above, 

y  =  px-\-q, 
in  which  q  =  distance  that  is  cut  off  from 
the  vertical  0  y  by  the  line  ZA^y  and  p 
=  ratio  between  that  distance  and  the  hori- 
zontal distance  between  the  point  0  and  the 
pole  Z.    Suppose  that  by  scale, 

q  —  24.5, 

m  =  54.25, 

p  =  .45; 
then  the  total  height  of  the  section 
h^  =  .45  <  +  24.5'^ 
In  the  same  manner,  empirical  formulas 
can  be   set  up  for  the   other  dimensions. 
Thus,  for  the   dimension   /i,  the   pole   Z^ 
would  be  found  and  the  corresponding  for- 
mula 

h  =  .16  +  l'\ 
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When  all  or  a  namber  of  the  poles  &11 
dose  together,  the  one  located  at  an  average 
distance  from  the  zero  point  of  the  scale  is 
selected  and  used  as  the  pole  of  a  so-called 
proportional  chart.  One  of  the  principal 
dimensions  of  the  design  is  then  taken  as  a 
unit^  and  the  others  made  directly  propor- 
tional to  it.  This  method  is  a  most  con- 
venient one  for  laying  out  various  sizes  from 
a  given  design,  as  it  requires  only  the  loca- 
tion of  the  pole,  from  which  vectors  are 
drawn  to  the  various  points  of  the  design. 
The  corresponding:  points  of  the  reduced 
size  are  then  located  on  these  vectors.  Thus, 
suppose  that  for  a  number  of  existing  simple 
bearings,  as  the  one  shown  in  Fig.  2,  a  pole 
Z  was  chosen ;  then,  the  reduced  sizes  can 
be  directly  laid  out  as  shown  in  dotted  lines 
in  the  figure.  The  formula  for  the  unit  is 
evidently  of  the  form 

u  =  px-\-  q] 
while  those  for  the  other  dimensions  are  of 
the  form  y  =  fu. 

When  we  said  that  the  proportional  chart 
affords  a  convenient  means  to  the  draftsman 


for  laying  out  the  dimensions  of  a  line  of 
designs,  we  did  not  mean  to  recommend  the 
system,  except  in  cases  where  close  calcula- 
tion of  dimensions  is  unnecessary,  as  with 
the  detail  in  Fig.  2,  for  instance.  An  exam- 
ination of  Fig.  1,  in  which  the  middle  or 
original  section  AB,  belonging  to  the  42^^ 
press,  is  also  laid  out  by  the  tentative 
method,  will  show  that  its  point  A/^  Mb 
considerably  beyond  that  point  A^^  found  by 
the  pole  method.  For  such  cases,  the  dimen- 
sions being  most  important  ones,  the  proper- 
tional  chart  is  hardly  admissible.  It  may  be 
conveniently  used,  however,  in  establishing 
dimensions  that  are  to  be  changed,  checked, 
and  verified  afterwards.  For  all  such  pre- 
liminary drafting  work,  the  writer  uses 
cross-section  paper,  with  great  success  in 
respect  to  the  saving  of  time.  The  squares 
of  the  paper  should  for  such  work  be  divided 
into  tenths  of  an  inch.  For  final  detailing, 
it  is  also  often  convenient  to  use  cross-section 
paper,  but  in  that  case  the  division  of  the 
squares  into  eighths  or  sixteenths  of  an  inch 
is  preferable. 


THE  LAWS  OF  THERMODYNAMICS. 

George  A.  Goodenough. 

Transformation  op  Heat  Into  Work — ^The  Hydraulic  Analogy — Carnot*8  Principle. 

Limitations  Imposed  by  the  Second  Law. 


THE  idea  of  using  liquid  air  as  an  agent 
for  the  production  of  power  has  called 
forth  a  great  deal  of  comment  from 
engineers  and  physicists  ;  and  the  so-called 
second  law  of  thermodynamics,  which  has 
hitherto  been  kept  in  modest  retirement,  is 
now  thrust  into  prominence  and  made  to 
combat  the  extravagant  claims  of  the  liquid- 
air  advocates. 

In  his  recent  article,  '*  Magazine  Science," 
Mr.  Risteen  justly  cialls  attention  to  the 
necessity  of  popularizing  this  law  for  the 
benefit  of  would-be  inventors  of  heat  motors, 
and  threatens  to  write  a  book  on  the  subject 
if  no  one  else  volunteers.  The  task  of  wri- 
ting this  book  we  will  leave  to  Mr.  Risteen, 
believing  that  he  is  peculiarly  qualified  for 
it.  We  shall,  however,  in  this  short  article, 
attempt  to  give  some  suggestions  regarding 
the  essential  nature  of  this  law  and  show 
how  it  applies  to  the  transformation  of  heat 
into  work. 

It  will  be  necessary  first  to  state  briefly 
the  first  law  of  thermodynamics :    Heat  is  a 


form  of  energy,  a  definite  amount  of  heal  being 
equivalent  to  a  definite  amount  of  work.  This 
law  has  been  verified  again  and  again.  By 
actual  measurement  Him  showed  that  the 
heat  rejected  by  a  steam  engine  to  the  con- 
denser is  less  than  that  brought  into  the 
engine  cylinder  by  the  steam,  the  dififerenoe 
having  been  transformed  into  the  work 
required  to  drive  the  piston.  Joule,  by 
numerous  experiments,  determined  the  nu- 
merical ratio  between  the  heat  unit  and  the 
work  unit.  Taking  for  the  unit  of  heat  the 
heat  required  to  raise  the  temperature  of 
one  pound  of  water  from  62°  F.  to  63**  F., 
and  for  the  unit  of  work,  the  foot-pound,  or 
the  work  required  to  raise  a  weight  of  one 
pound  a  distance  of  one  foot,  then  it  is  found 
that  one  heat  unit  is  equivalent  to  778  foot- 
pounds. The  first  law,  then,  merely  assets 
the  possibility  of  transforming  heat  into 
work,  or  vice  versa. 

The  question  now  arises,  assuming  that 
heat  may  be  changed  to  work,  can  all  the 
heat  contained  in  a  body  be  thus  changed? 
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If  not,  what  part  of  it  can  be  transformed 
into  work  ?  It  is  in  answer  to  this  question 
that  we  meet  with  the  application  of  the 
second  law.  First,  however,  what  is  meant 
by  ''all  the  heat  contained  in  a  body''? 
To  give  a  satisfactory  answer  to  this  question, 
we  must  touch  for  a  moment  on  the  nature 
of  heat. 

It  is  supposed — and  the  supposition  is  well 
founded — that  all  bodies  are  composed  of 
millions  of  minute  particles  called  molecules, 
which  are  continually  moving  with  a  high 
velocity  ;  and  it  is  now  well  established  that 
it  is  this  agitation  of  the  molecules  that  con- 
stitutes the  phenomenon  we  call  heat.    The 
more  rapid  the  motion  of  the  molecules,  the 
hotter  the  body,  the  higher  its  temperature. 
The  energy  of  the  vibration  of  the  molecules 
is  measured  by  the  temperature  of  the  body ; 
and  for  any  given  body,  the  temperature 
measures  the  actual  quantity  of  heat  con- 
tained in  the  body.    For  example,  take,  for 
the  body,  one  pound  of  air.    At  a  tempera- 
ture of  100°  F.  this  air  contains  more  heat 
than  it  does  at  40°  F.,  the  difference  being 
the  difTerence  in  temperature  multiplied  by 
a  coefficient  called  the  specific  heat,  which  for 
air  is  .2375,  provided  the  air  remains  at  con- 
stant pressure.    If  the  pound  of  air  is  kept 
at  the  same  pressure,  an  abstraction  of  heat 
is  accompanied  by  a  lowering  of  the  temper-  . 
ature  ;  hence,  so  long  as  we  are  able  to  lower 
the  temperature,  the  air  must  still  contain 
heat.     At  0°  F.,  for  example,  the  air  is  cold 
as  fEU"  as  our  sensations  of  heat  and  cold  are 
concerned  ;  but  we  know  very  well  that  we 
can  cool  this  air  to  10°,  50°,  or  even  100° 
below  zero,  which  shows  that  air  at  0°  still 
contains  considerable  heat.    Following  the 
idea  that  heat  consists  in  molecular  motion, 
we  arrive  at  the  conception  that  a  body  or 
quantity  of  matter  entirely  deprived  of  heat 
is  one  whose  molecules  have  become  motion- 
less.    As  we  lower  the  temperature  of  the 
body,  the  pound  of  air,  for  instance,  the 
molecules  move  more  slowly,  and  it  is  not 
difficult  to  conceive  a  temperature  at  which 
motion  entirely  ceases.    This  temperature  is 
called  the  absolute  zero.    The  experiments  of 
Joule  and  Thomson  give  as  the  absolute  zero 
of   temperature  460.66  below  the  Fahren- 
heit zero.    We  may  mention  for  the  sake 
of   strict    accuracy  that   this   temperature 
is  measured   on  the  ideal  thermodynamic 
scale,  not  on  the  scale  of  the  mercury  or 
the  air  thermometer.    Temperatures  meas- 
ured   from   the   absolute   zero   are    called 
absolute  temperatures. 
It  api>ear8,  therefore,  that  to  change  all 


the  heat  contained  in  a  body  into  work,  the 
temperature  of  the  body  must  be  reduced  to 
the  absolute  zero.  Suppose  that  a  given 
quantity  of  some  substance,  say  one  pound 
of  air,  contains  a  quantity  of  heat  which  we 
will  denote  by  Qj  at  an  absolute  temperature 
7^2.  By  some  device,  as  an  engine,  this 
pound  of  air  is  made  to  go  through  a  series 
of  processes  during  which  it  gives  up  some 
of  its  heat.  Let  the  heat  remaining  in  the  air 
as  it  is  discharged  from  the  engine  be  denoted 
by  ^2,  and  suppose  the  absolute  temperature 
to  be  Tj.  If  there  are  no  heat  losses  it  is 
evident  that  Q,  —  Qz  heat  units  have  been 
changed  into  work ;  and  the  ratio  of  the 
heat  transformed  to  the  total  heat  Qi  is  given 

by  the  expression  -  .    Now,  it  can  be 

shown  from  the  properties  of  gases  that  the 
following  relation  exists  between  the  quanti- 
ties of  heat  Qi  and  Q,  and  the  absolute  tem- 
peratures Ti  and  T, :    Qi  :  Q2  =  ^i  ^  ^«>  or 

~  =  y^.  By  means  of  this  relation  the 
ratio  —-7^—  may  be  replaced  by  the  equal 

ratio  — -=r  -. 

The  preceding  statements  may  be  some- 
what extended.  Suppose  we  have  an  engine 
which  receives  heat  from  some  source,  as  a 
steam  boiler,  at  a  temperature  Ti  and  gives 
up  heat,  as  to  the  condenser,  at  a  tempera- 
ture Tj.  Then,  under  the  most  favorable 
conditions  possible,  the  ratio  of  the  heat 
transformed  into  work  to  the  total  heat 
delivered  to  the  engine,  is  given  by  the 

y X 

expression  —^ — ?.    If  Qj  is  the  heat  de- 

livered   to   the   engine   in   a  given   time, 

is  the  heat 


e,x^^~— '  =  1  (r.-r.) 

T 
transformed  into  work,  and  ft  ^  is  the  heat 

-'I 
rejected  by  the  engine. 

The  transformation  of  heat  into  work  may 

be  advantageously  illustrated  by  a  hydraulic 

analogy.    Suppose  we  consider  the  level  of 

the  sea  as  analogous  to  the  absolute  zero  of 

temperature ;  and  suppose  we  have  water  at 

a  height  hi  above  the  sea  level  falling  to  a 

height  hi  above  this  level.    If  IT  denotes  the 

weight  of  the  quantity  of  water,  then  the 

total  work  that  can  be  done  by  this  water  in 

falling  from  the  height  hi  to  the  sea  level  is 

given  by  the  product  W  h^ ;  the  work  that  can 

be  done  when  W^  falls  from  the  height  hi  to 

the  height  h^  is  W{hi  —  h^).    Evidently,  the 
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ratio  of  the  work  done  to  the  total  Work  that 
could  be  done  if  the  total  fall  to  the  sea 
level  could  be  utilized  is  W(hi  —  h,)  -i-  Whi 


_  h\  —  ht 


T, 


This  corresponds  to  the  ratio 


^1 


,  the  temperature  fall  in  the  heat 


engine  being  analogous  to  the  water  fall 
that  drives  the  waterwheel.  In  connection 
with  this  hydraulic  analogy,  it  is  interesting 
to  note  Camot's  interpretation.  Camot,  in 
common  with  nearly  all  scientists  of  his  time, 
believed  heat  to  be  a  material  substance, 
which  could  not  be  destroyed ;  hence,  he 
reasoned  that  the  quantity  of  heat  Q^  rejected 
by  the  engine  must  be  equal  to  the  quantity 
Qi  entering  the  engine,  just  as  the  weight  of 
water  emerging  from  a  waterwheel  is  equal 
to  the  weight  of  that  entering.  The  work 
done  by  the  heat,  he  reasoned,  was  due  to 
the  fall  of  temperature,  and  must  be  given 
by  the  expression  Qi(Ti  —  T,),  just  as  the 
work  of  the  falling  water  is  given  by 
W(hi  —  hf).  We  know  now,  however,  that 
the  heat  rejected  at  the  lower  temperature  is 
less  than  that  received  at  the  higher  teniper- 
ature.  Since  heat  is  a  form  of  energy,  Qi 
must  be  analogous  to  Whi^  the  potential 
energy  of  the  water  at  the  upper  level ;  and 
Q„  in  a  similar  manner,  is  analogous  to  Wh^. 
As  we  have  shown,  the  maximum  heat 
that   can   be    transformed    into    work    is 

7jT  (Ti—  T2);  hence,  since  the  temperature 

fall  Ti  —  Tj  is  analogous  to  the  fall  /ii  —  Aj , 

the  quotient  ~  must  be  analogous  to  the 

weight  W  of  the  water,  instead  of  the  heat 
Qi ,  as  stated  by  Camot.    For  this  reason  the 

Q. 

quotient  y^  is  sometimes  called  the  heat  weight. 

If,  now,  we  investigate  the  conditions  that 
must  obtain  in  order  that  a  waterwheel  may 
utilize  all  of  the  available  work  Wiji^  —  ^s), 
we  may  be  able  to  indicate  the  conditions 
required  for  a  heat  engine  to  utilize  the 

Q 

available  energy  ^  ( T,  —  T,).     In  the  first 

-'1 

place,  the  water  must  all  be  taken  in  at  the 
level  \  and  discharged  at  the  level  h^.  For, 
suppose  that  the  flow  of  water  should  reduce 
the  upper  level  from  /ij  to  /i/  ;  then  the  aver- 
age upper  level  would  be  i(Ai  +  A/),  which 
is  lower  than  h^ ;  therefore,  the  fall  is 
lowered  and  the  available  work  is  decreased. 
Secondly,  none  of  the  water  may  be  spilled 
or  lost  during  the  £ei11.  The  analogous 
conditions  for  the  heat  engine  are :    (1 )  The 


working  fluid  must  absorb  the  heat  Qi  at  the 
constant  temperature  T^  and  must  reject  the 
heat  Q3  at  the  constant  temperature  T^,  (2) 
While  the  temperature  of  the  fluid  is  falling 
from  T,  to  T,  no  heat  may  be  spilled  or  lost. 

The  next  point  to  be  considered  is  the 
reversibility  of  the  processes  just  described. 
Suppose  that  instead  of  having  the  water  do 
work  in  turning  the  waterwheel,  we  provide 
the  work  W(hi  —  h^)  from  some  external 
source  and  turn  the  wheel  backwards.  It  is 
evident  that  theoretically  the  wheel  will 
take  the  water  W  from  the  lower  level  h^  and 
restore  it  to  the  upper  level  /ii .  Similarly,  a 
perfect  heat  engine  will  work  backwards. 
In  the  reverse  process  it  takes  the  quantity 
of  heat  from  the  colder  body  at  a  tempera- 
ture T,,  adds  to  it  an  amount  of  heat  equiva- 
lent to  the  work  of  the  engine,  and  delivers 
the  sum  to  the  hotter  body  at  a  tempera- 
ture Ti.  We  have  actual  examples  of  these 
reversed  heat  engines  in  the  compression 
refrigerating  machines  so  largely  used  at  the 
present  time. 

We  are  now  in  a  position  to  state  Garnot's 
principle,  which  is  the  basis  of  the  second 
law  of  t^ermodyamics.  It  is  as  follows: 
If  a  given  reversible  heat  engine,  working 
between  the  temperatures  T^  and  T„  receives 
a  quantity  of  heat  Q^  at  the  upper  tempera- 
ture, and  produces  a  quantity  of  mechanical 
work,  then  no  other  engine,  whatever  be  its 
construction,  can  produce  a  greater  quantity 
of  work,  when  supplied  with  the  same  quan- 
tity of  heat,  and  working  between  the  same 
temperatures.  From  this  it  follows  that 
all  reversible  engines  working  between  the 
same  temperatures  transform  the  same  per- 
centage of  the  heat  supplied  into  useful 
work  ;  that  is,  all  reversible  engines  working 
between  the  same  temperatures  have  the 
same  eflOiciency.  It  also  follows  that  the 
efficiency  of  the  engine  depends  in  no  way 
upon  the  properties  of  the  substance  used 
for  a  working  fluid,  but  only  upon  the 
higher  temperature  and  the  range  of  tem- 
perature. 

The  reasoning  that  establishes  Garnet's 
principle  is  simple,  especially  when  the 
principle  is  applied  to  our  ideal  reversible 
waterwheel.  Suppose  we  imagine  a  water- 
wheel more  efficient  than  the  one  we  have 
described — one  that  will  do  itwre  work  than 
Tf  ( /ii  —  \)  when  supplied  with  the  weight  M' 
of  water  and  working  with  the  Call  /i,  —  /i, . 
Evidently,  then,  this  device  will  do  the  work 
W(hi  —  h^)  with  a  less  weight  of  water  than 
TF,  which  weight  we  may  denote  by  W. 
Suppose  these  wheels  are  coupled  together  , 
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so  that  the  second  rons  direct  while  the 
first  runs  backwards.  The  direct-acting 
wheel  takes  the  water  FP  from  the  upper 
level  and  delivers  it  to  the  lower  level,  the 
work  done  by  the  water  on  its  wheel  being, 
according  to  our  supposition,  W(hi  —  h^). 
This  work  is  delivered  to  the  reversed 
wheel,  and,  as  we  have  seen,  will  cause  that 
wheel  to  take  the  water  W  from  the  lower 
level  and  deliver  it  to  the  higher  level.  It 
appears,  therefore,  that  the  combined  wheels 
take  the  water  W^  from  the  upper  level  and 
restore  the  water  W  to  the  same  level ;  that 
is,  at  each  operation  the  water  W—W  is 
raised  from  the  lower  to  the  higher  level. 
We  have,  therefore,  a  self-acting  machine, 
which  will  raise  water  from  a  lower  to  a 
higher  level.  Applying  the  same,  reasoning 
to  .the  heat  engine,  it  is  seen  that  if  any 
engine  could  have  a  greater  efficiency  than 
the  ideal  reversible  engine,  then  we  should 
have  a  self-acting  device  that  would  transfer 
heat  from  a  colder  to  a  hotter  body. 

It  is  contrary  to  our  experience  that  water 
can  without  assistance  pass  from  a  lower  to 
a  higher  level,  that  is,  flow  up  hill,  or  that 
heat  will,  unassisted,  flow  from  a  colder  to  a 
hotter  body.  If  we  assert  that  heat  cannot 
be  conveyed  from  a  colder  to  a  hotter  body 
without  the  expenditure  of  some  energy  to 
effect  the  tranter,  it  follows  that  no  heat 
engine  can  be  more  efficient  than  the  ideal 
reversible  engine.  This  assertion,  based  on 
experience,  is  usually  given  as  the  second 
law.  The  exact  statement  as  given  by  Clausius 
is  as  follows  :  *  *  /U  w  impossible  for  a  self -acting 
machine^  unaided  by  any  external  agency,  to 


convey  heat  from  one  body  to  another  at  a  higher 
temperature,^*  For  some  purposes  the  fol- 
lowing statement  of  the  law  by  Maxwell  is 
preferable:  *^ It  is  impossible  by  the  unaided 
action  of  natural  processes  to  transform  any 
part  of  the  heat  of  a  body  into  mechanical  work 
except  by  allowing  heat  to  pass  from  that  body 
into  andher  at  a  lower  temperature.'* 

The  second  law  imposes  a  decided  limita- 
tion upon  the  transformation  of  heat  into 
work.  We  have  unlimited  supplies  of  heat 
in  the  atmosphere  that  surrounds  us ;  and  it 
may  seem  feasible  at  first  sight  to  get  any 
amount  of  energy  we  reqmre  simply  by 
transforming  the  heat  of  the  atmosphere  into 
work.  The  second  law  teaches  us,  however, 
that  before  we  can  make  thistransformatioD, 
we  must  obtain  either  naturally  or  artificially 
a  difference  of  temperature.  If  we  use  the 
atmosphere  as  a  reservoir  from  which  to 
draw  heat,  we  must  have  some  other  sub- 
stance permanently  colder  than  the  atmos- 
phere to  which  we  may  reject  the  portion  of 
the  heat  that  is  not  transformed.  Now,  there 
is  a  constant  tendency  towards  the  equaliza- 
tion of  temperature,  and  it  is  not  possible  to 
find  ready  at  hand  any  body  colder  than  the 
atmosphere ;  even  if  we  should  find  such  a 
body,  the  heat  rejected  to  it  would  very  soon 
raise  its  temperature  to  that  of  the  atmos- 
phere, thus  destroying  the  temperature  fall 
and  stopping  the  change  of  heat  into  work. 
We  may  accept  the  conclusion  that  we  are  not 
likely  to  find  a  natural  available  temperature 
fall,  and  that  we  must  create  one  artificially. 
It  is  here  that  our  hydraulic  analogy  fails ; 
for  we  can  obtain  a  natural  water  fall. 
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WHAT  may  be  called  the  sister  discovery 
to  that  of  liquefying  air  is  the  reduc- 
tion of  hydrogen  to  the  state  of  a 
liquid.  This  has  kt  last  been  successfully 
performed  by  Professor  Dewar,  of  the  Royal 
Institute,  London.  The  amount  produced 
was  about  two  fiuid  ounces.  This  rare  liquid 
was  found  to  boil  at  432®  F.  below  zero, 
which  is  the  nearest  approach  ever  made  to 
the  absolute  zero  of  the  thermometer  scale. 
The  density  was  found  to  be  .6  as  referred 
to  water.  The  liquid  in  passing  into  the 
gaseous  state  is  capable  of  over  7,000 
expansions,  thus  producing  a  ruptive  pres- 


sure, if  confined,  of  over  50  tons  per  square 
inch.  Perhaps,  one  of  the  most  important 
uses,  from  an  industrial  point  of  view,  to 
which  these  rare  liquids  may  eventually  be 
applied  will  be  found  in  their  application,  as 
high  explosives,  to  conditions  where  detona- 
tors are  dangerous,  either  on  account  of  the 
shock  incident  to  handling,  or  from  the 
environment  of  a  gaseous  atmosphere.  Such 
a  use  has  already  been  suggested  for  liquefied 
air  in  gaseous  mine  workings.  A  new  and 
wide  field  for  the  exercise  of  inventive  talent 
in  the  discovery  of  other  uses  for  these 
liquids  is  thus  opened. 
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Caorge  M 

Thb  Trub  SciBNTiwc  Metbod — First  Ei 
Nehton' 

or  old  Mt  KDowledse  on  the  hetsbu. 

The  tbuadcn  breaking  &t  her  feel : 
Above  her  tbook  the  M«rrr  llghu ; 

She  he&rd  the  torrenu  meet. 


.  Robaon,  M.  A. 


■  SoiKNCE— The  Carte9Ias  Vob 
Early  Life. 

There  In  ber  place  ibe  did  ntjolce. 

Setf-gatbered  Id  ber  propbet-mlnd, 
Butrragmenuorbermlgbt)'  voice 

<^aiae  rolllog  on  tbe  nind. 


Then  nepi  the  dovn  through  town  and  field 
To  mingle  «ltb  the  human  race. 

And  part  by  part  to  men  reveal'd 
Tbe  fulnen  of  ber  (ace. 

—AUtrtd  from  TVnnimm. 

Many  pereoDB  regard  the  secreta  of  n&ture  could  have  done.  A  lo 
asconundramstobegueased  iasomemoment  from,  and  references  t 
of  idle  BpeculatJon,  and  are  firmly  persuaded     given  In  the  pre&ce  ti 


that  many  of  the  greatest  discoverers  < 
their  discoverien  to  the  inspiration  of  eome 
trivial  accident.  This  view  ie  strongly  sap- 
ported  by  the  superficial  accounts  that  some 
popular  writers  have  given  of  Newton's  dis- 
ravery  of  the  law  of  universal  gravitation  ; 
these  writers,  endeev- 
orii^  to  make  an  inter- 
eating  and  eveotful 
narrative  with  a  usefnl 
moral,  have  expended 
much  ingenious  rheto- 
ric in  decorating  the 
tradition  that  the  fall 
of  an  apple  first  sug- 
gested to  Newton  the 
idea  that  the  force 
which  retains  the 
moon  in  her  orhit  is 
the  same  as  terrestrial 
gravity,  and  unlim- 
ited amazement  is 
expressed  that  the 
simple  full  of  an  apple 
should  have  led  to  the 
disco verj'  of  the  laws 
of  the  universe.  The 
Btory  of  the  apple  is 
pleasant  and  plausible, 


md    this 


of 


the  discovery  of  the  law  of  gravitation  is  easy 
both  to  write  and  to  read ;  it  is  defective, 
however,  in  that  it  does  not,  in  the  least, 
help  one  to  understand  how  Newton  made 
his  discovery  or  what  it  was  that  he  dis- 
covered. The  fact  is  that  various  writings, 
well  known  to  Kewton,  gave  more  suggestion 
of  gravity  extending  to  the  heavenly  bodies 
than  all  the  apples  ever  harvested  in  England 


i  li«t  of  quotations 
theee   writings'  is 
treatise  on  Astron- 
omy, published  in  1702,  by  David  Gregory, 
Savilian  professor  of  astronomy  in  the  Uni- 
versity of  Oxford  ;  this  work  was  very  higlily 
commended  by  Newton,  and  the  quotations 
from  ancient  authorities  that  are  given  in 
the  preface  are  abridged  from  notes  supplied 
to   Gr^ory  by  New- 
ton in  his  own  haod- 
writing.      It  appeare, 
then,  that  the  apple, 
even  if  it  be  not  alto- 
gether  apocry  ph  al, 
was  not  the  most 
potent  tactat  in    tbe 
genesis  of  Newton's 
great  discovery ;    and 
it  is  manifestly  impoe- 
Bible  to  tell  the  story 
of  his  discovery  with- 
out  indicating,   bow- 
ever  briefly,  tbe  steps 
that  led  up  to  it,  and 
referring  to  a  few  of 
the  great  men  who 
anticipated  to  some 
extent  the  methods 
Newton  employed. 
Roger  Bacon,  tbe 
KEHTUN.  fii^  Englishman  of 

science,  was  born  at 
Ilchester  in  1214  and  died  at  Oxford  in  1294. 
In  his  Oput  MaJM  we  find  the  first  clear 
enunciation  of  the  method  that  Newton  used 
so  snccesafully.  Bacon  laid  down  the  funda- 
mental principle  that  there  can  be  no  knowl- 
edge of  nature  without  observation  and 
experiment  ;  and  he  explained  in  detail  how 
every  natural  science  must  be  based  on 
mathematics,  and  can  make  progress  only 
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wbeD  its  fandametital  principlee  are  ex- 
pressed in  mathematical  form.  These  views 
are  in  cloee  accord  with  the  beet  modern 
ideas,  and  foreshadow  verj  ctearljr  the 
methods  need  by  Newton ;  but  the;^  were 
BO  far  in  advance  of  Bacon's  age  that  they 
were  utterly  incomprehensible  to  bis  con- 
t«mporaries. 
A  more  Mccesrful  advocate  of  the  employ- 


ment  of  mathematics  in  scientific  research 
was  the  brilliant  French  pbiloBopher  Ren^ 
Descarte?,  who  was  born  near  Toure  on 
JMarch  31, 1596.  He  pointed  out  that  geome- 
ters, starting  with  a  few  self-evident  axioms, 
were  able  to  deduce  the  most  abstruse  prop- 
ositions from  those  axioms  by  a  v^orous 
process  of  reasoning,  and  maintained  that 
in  a  similar  manner  the  mysteries  of  the 
universe  could  be  salved  by  mathematical 
reasoning  based  on  a  few  fundamental  prin- 
ciples. This  is  bi;t  a  partial  statement  of 
the  true  method,  for  Descartes  fails  to 
emphasize,  as  Bacon  did,  the  necessity  of 
frequent  appeals  to  observation  and  experi- 
ment to  verify  the  results  of  the  reasoning ; 
to  this  contempt  for  experimental  verifica- 
tion is  to  be  ascribed  the  failure  of  Deecartes's 
attempt  to  explain  physical  phenomena. 

Descartes  says  science  is  a  tree  of  which 
metaphysics  is  the  root,  physics  is  the  trunk, 
aad  the  three  branches  are  mechanics,  medi- 
cine, and  morals ;  these  branches  being  the 
applications  of  our  knowledge  to  external 
aBairs,  to  the  human  body,  and  to  the 
conduct  of  life.  In  1844  he  published  his 
iVindpia  PhUosophisE  ("  Principles  of  Philos- 
ophy"), which  deals  chiefly  with  physical 
science  and  in  which  he  treats  of  the  laws 
of  motion  and  the  theory  of  vortices.  Dee- 
cartes's philosophy  was  long  dominant  in 
Europe ;  it  was  taught  in  all  the  universities, 
Newton  himself  was  brought  up  in  this  faith, 
aad  for  a  time  the  vertex  theory  maintained 
itself  as  a  rival  of  the  Newtonian  theory  of 
universal  gravitation ;  it  is,  therefore,  ger- 
mane to  OUT  purpose  to  give  a  slight  account 


of  Descartes's  vortices.  In  hie  Prineipia, 
Descartes  attempts  to  construct  a  system 
of  philosophy  that  is  absolutely  tn»  from 
aasumptions ;  accordingly  he  begins  with  an 
attempt  to  demonstrate  bis  own  existence  ; 
this  he  conceives  to  be  proved  by  bis  famous 
aphorism,  "I  think,  therefore  I  exist."  This 
is  the  starting  point  of  his  system  ;  he  then 
asserts  that  it  is  manifestly  impossible  that 
a  vacuum  can  exist  anywhere,  and  main- 
tains that  the  universe  is  a  plenum,  "filled 
with  matter."  Originally  this  matter  con- 
sisted of  equal  part^  with  sharp  comets  ;  by 
the  motion  of  the  parts,  their  comere  are 
rubbed  off  till  the  parte  are  reduced  to 
spherical  form,  and-  the  duet  produced  by 
the  abrasion  constitutes  another  and  subtler 
form  of  matter.  There  is  also  a  third  form 
of  matter — the  material  of  which  the  earth 
and  aU  opaque  bodies  are  composed.  Lumi- 
nous bodies,  like  the  sun,  are  composed  of 
the  first  kind  of  matter,  the  transparent 
interplanetary  spaces  are  filled  with  the 
second  kind  of  matter.  All  this  matter  is 
revolving  in  circular  currents,  or  whirlpools, 
which  are  called  vortices.  The  first  kind  of 
matter  naturally  collecle  together  at  the 
center  of  each  vortex,  the  second  kind  of 
matter  forme  an  alt-pervading  medium  eur- 
rounding  the  center.  Thus  he  accounts  for 
the  fact  that  the  sun  is  the  center  of  the 
solar  system  ;  to  explain  the  motion  of  the 
planets,  each  planet  has  a  special  vortex  in 
which  it  is  whirled  round  like  a  etraw  in  tbe 
eddy  of  a  swift-flowing  stream.  Gravitation 
is  attributed  to  the  settling  down  of  bodies 
toward  the  center  of  each  vortex. 


Sv'N  Dial  Fbom  Woolsthobpk  Manok. 

It  is  eaey  to  show  that  Deecartes's  vortex 
theory  is  full  of  inconsistencies,  and  that  the 
consequences  deduced  from  it  by  logical 
reasoning  are  incompatible  with  well-known 
and  indisputable  factp.  Yet  it  found  ready 
acceptance  among  intelligent  men  and  good 
mathematicians,  because  it  tilled  the  void 
left  in  men's  minds  by  the  overthrow  of  the 
Ptolemaic  system.     Kepler  had  established 
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his  three  laws  as  facts,  but  the  human  mind 
is  never  satisfied  with  the  knowledge  of  a 
fact  but  ever  seeks  to  know  why  the  fact  is 
so  and  not  otherwise ;  Kepler  himself  sought 
for  the  explanation  of  his  laws,  and  with 
wonderful  prophetic  instinct  spoke  confi- 
dently of  a  physical  astronomy  that  would 
give  a  rational  explanation  of  his  laws. 
Descartes's  Prindpiaf  then,  appeared  at  a  time 
when  men's  minds,  shaken  from  the  old 
faith,  were  willing  to  accept  any  plausible 
theory  that  afforded  them  even  a  temporary 
resting  place,  and  most  of  the  adherents  of 
the  vortex  theory  accepted  it  without  much 
investigation  ;  indeed,  it  is  well  known  that 
the  number  of  those  who  had  the  courage  to 
read  Descartes' s  Principia  through  was  very 
limited. 

Though  the  Cartesian  vortices  have  long 
since  been  discarded,  it  would  be  unsafe  to 
r^;ard  his  theory  as  altogether  absurd.  The 
leaders  of  thought  today  are  agreed  that  all 
space  is  filled  with  a  medium  capable  of 
vortex  motion,  and  some  physicists  are 
endeavoring  to  show  that  rigidity  and  all 
the  other  properties  of  matter  are  due  to 
vortices  in  this  medium ;  but,  whereas 
Descartes' 8  vortices  were  very  large,  the 
modem  physicist  prefers  vortices  of  infini- 
tesimal dimensions.  However,  without  at- 
tributing any  inherent  absurdity  to  the 
Cartesian  philosophy,  it  is  necessary  to  point 
out  that  it  was  not  in  any  sense  an  anticipa- 
tion of,  or  a  step  toward,  Newton's  discovery. 
Newton,  it  is  said,  read  only  about  eight 
pages  of  Descartes' 8  Principia^  and  on  those 
pages  he  wrote  the  word  ** error"  several 
times.  This  sketch  of  the  vortex  theory 
shows,  what  can  also  be  shown  from  the 
writings  of  other  authors,  that  inquiring 
minds  were  then  eager  to  discover  the  deeper 
laws  of  which  those  of  Kepler  were  but  the 
outward  expression  and  consequence. 

Descartes' 8  greatest  service  to  science,  how- 
ever, was  not  his  physical  theories,  but 
his  invention  of  the  method  of  Analyt- 
ical Geometry.  This  is  a  genuine  invention 
of  the  highest  merit,  and  is  a  powerful  and 
indispensable  instrument  in  scientific  inves- 
tigations. Newton's  discoveries  could  not 
have  been  made  without  the  aid  of  the 
Cartesian  geometry,  and  if  Descartes  had  not 
invented  it  Newton  would  have  had  to  spend 
some  of  his  valuable  time  in  working  out 
some  similar  system  himself.  Moreover,  the 
Cartesian  geometry  led  directly  to  the  inven- 
tion of  the  Differential  Calculus  by  Newton 
and  by  Leibnitz. 

But  the  real  foundation  on  which  Newton 


erected  his  stately  edifice  was  discovered  by 
Galileo.  In  the  last  years'  of  Galileo's  life, 
when  he  was  blind  and  helpless,  he  reasoned 
out  the  fundamental  laws  of  motion  on 
which  the  whole  modem  science  of 
mechanics  rests.  These  laws  are  sometimes 
called  Newton's  laws  of  motion,  because 
Newton  stated  them  in  the  following  form  : 

1.  Every  body  conlinxus  in  its  state  of  rest  or 
of  uniform  motion  in  a  straight  linef  except  in  so 
far  as  it  is  compelled  by  forces  to  change  thai 
state, 

2.  The  change  of  the  quantity  of  motion  is 
proportional  to  the  force  that  causes  the  change, 
and  t<ikes  place  in  the  direction  in  which  the 
force  acts. 

In  this  law  the  quantity  of  motion  of  a 
body  means  the  product  of  its  mass  and  its 
velocity. 

3.  To  every  action  there  is  alxoays  an  equal 
and  opposite  reaction ;  or  the  mutual  adions  of 
two  bodies  are  always  equal  and  oppositely 
directed  in  the  same  straight  line. 

The  laws  of  motion  are  the  fundamental 
principles  of  •  mechanics,  and  when  these 
laws  are  properly  expressed  in  mathematical 
language  there  can  be  derived  from  them, 
by  purely  mathematical  reasoning,  a  vast 
and  orderly  store  of  knowledge.  Descartes 
unfortunately  never  understood  the  laws  of 
motion,  therefore  the  first  principles  from 
which  he  started  were  wrong,  and  no 
amount  of  correct  reasoning  from  false  prem- 
ises could  lead  him  to  correct  results.  Had 
he  condescended  to  verify  his  results  by 
experiment,  he  might  have  detected  his 
errors,  retraced  his  steps,  and  amended  his 
first  principles.  It  may  be  said  that  Galileo 
laid  the  solid  foundation  on  which  Newton 
built,  and  Descartes  invented  some  of  the 
tools  that  Newton  used  in  building. 

The  discovery  of  the  laws  of  motion  was 
perhaps  Galileo's  greatest  contribution  to 
science,  and  formed  a  fitting  close  to  his 
remarkable  life.  On  January  8,  1642,  the 
veteran  Galileo  died,  and  before  the  close  of 
that  year  there  was  bom  in  England  a  sickly 
infant  who  was  destined  to  carry  on 
gloriously  the  work  so  nobly  begun  by 
Galileo. 

Isaac  Newton  was  born,  to  a  widowed 
mother,  in  the  manor  house  of  Woolsthorpe, 
near  Grantham,  in  Lincolnshire,  on  Christ- 
mas day,  1642.  His  father,  who  was  a  yeo- 
man farmer,  died  a  few  months  after  his 
marriage  with  Harriet  Ayscough,  and  very 
Uttle  is  known  of  him.  The  care  of  the  delicate 
infant  and  of  the  farm  both  devolved  upon 
Mrs.  Newton,  who  was  eminently  sensible 
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and   practical,  and    in  every  way  a   moBt 
excellent  voman.    Mrs.  Newton  waa  after- 
wards married  to  the  S«v.  Barnabas  Smith, 
to  whom  a  parishioner  had  recommended 
"the  widow  Newton  as  a  moet  extraordi- 
narily good  woman."    On  her  second  mar- 
riage she  went  to  live  at  North  Witbam,  and 
her  mother,  Mrs.  Ayscough,  came  to  Wools- 
thorpe   to  take  chai^  of  Newton.    After 
attending  the  village  school  for  eome  time, 
Newton  was  sent  to  the  grammar  school  at 
Grantham,  which  he  attended  for  three  years, 
daring  which  time  be  boarded  at  the  house 
of  Mr.  Clark,  an  apothecary.    At  first,  New- 
ton was  neither  a  diligent  nor  a  sacceasful 
Btndent ;    Latin 
giwnmar  appar- 
ently  had    no 
charmB  for  him, 
and  he  states 
himself  that  he 
was  the  last  boy 
I  the   lowest 


cla 


I  but  o 


school 
bully,  who  held 
the  place  imme- 
diately above 
Newton  in  class, 
one  day  gave 
Newton  a  severe 
kick  in  the 
stomach ;  where- 
upon Newton 
straightway 
foughl  and  beat 
thebnlly.  This 
victory  aroused 
his  ambition, 
and  from  that 
time  he  devoted 
himself  with  in- 
cessant   energy 

to  study  and  hok  xj 

quickly  reached 

the  hcaul  of  the  school.  During  this  period, 
though  he  did  not  often  join  his  com- 
panions in  play,  he  waa  a  recognized  leader 
among  them,  and  supplied  them  with  a 
variety  of  toys  of  his  own  cotistraction. 
He  was  particalarly  skilful  in  making  kites, 
waterwheels,  and  windmills.  One  of  his 
ftvorite  amusements  was  to  frighten  the 
country  people  by  tying  a  paper  lautern  to 
the  tail  of  a  kite  on  a  dark  night,  which  the 
country  people  took  for  a  comet  foreboding 
war,  pestilence,  and  famine. 

The    one    love   affair    of    Newton's  life 
occurred  while  he  was  an  inmate  of  Mr. 


Clark's    household.     He  appears   to    have 
fallen  in  love  with  Miss  Storey,  who  also 
boarded  with  Mr.  Clark's  family.    She  was 
two  years  younger  than  Newton,  and  is  said 
to  have  been  a  young  lady  of  great  attrac- 
tions  and    considerable    talent.      Newton 
delighted  in  her  society,  and  he  presented 
her  with  several  very  ingeniously  constructed 
cabinets.    Poverty  seems  to  have  been  the 
only  bar  to  the  consummation  of  their  hap- 
piness.    Miss  Storey  was  afterwards  married 
twice,  and   at  the   age  of  82  she  was  Mrs. 
Vincent,  living  at  Grantham.    Man;  stories 
of  Newton's  early  life  were  obtained  from 
Mrs.  Vincent  by  Dr,  Stukeley.     Newton's 
affection  for  her 
never  failed;  in 
her  old  age  he 
frequently    vis- 
ited her  and  re- 
lieved her  finan- 
cial   difficulties 
by  generous  aid. 
Abont  this 
time    Newton 
constructed  a 
water    clock, 
which  was  long 
used   in    Mr. 
Clark's   fiunily. 
In  shape  it  re- 
sembled an  old- 
fashioned  house 
clock;  the  index 
on  the  dial  plate 
was  turned  by  a 
piece  of  wood 
that  was  set  in 
motion  by  drop- 
ping water.   He 
constructed. 


driven  by  a 
handle  turned  by  the  person  seated  in  the  car- 
riage. Mrs.  Vincent  is  the  authority  for  the 
statement  that  Newton  early  displayed  great 
talent  in  drawing,  and  excelled  in  poetical 
compositioD.  Some  of  these  boyish  verses 
were  remembered  and  repeated  by  Mrs.  Vin- 
cent seventy  years  afterwards. 

When  Newton  was  fifteen  years  old  his 
mother's  second  husband  died,  and  she  re- 
turned, with  three  children  of  the  second 
marriage,  to  Woolathorpe.  Newton  was 
taken  from  school  to  assist  in  the  manage- 
ment of  the  farm.  Fart  of  his  duty  was  to 
accompany  an  old  servant  to  Grantham  to 
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do  the  weekly  marketing.  On  these  occa- 
eions  he  left  the  marketing  to  the  servant, 
and  retired  to  the  attic  of  Mr.  Clark's  house, 
where  he  read  all  the  books  he  could  find. 
During  this  period  he  constructed  several 
sun  dials ;  one  of  these  dials  was  cut  on  a 
stone  in  the  wall  of  his  own  house  ;  this  stone 
is  preserved  in  the  library  of  the  Royal 
Society,  and  the  letters  TON  are  still  visible 
on  it. 

Mrs.  Smith,  observing  that  her  son  was 
likely  to  be  a  very  unsuccessful  farmer,  con- 
sulted her  brother,  who  was  rector  of  a 
neighboring  parish.  Her  brother  very 
wisely  recommended  that  Newton  be  sent 
back  to  the  school  at  Grantham,  to  prepare 
for  entrance  at  Trinity  College,  Cambridge. 
At  school  Newton  acquired  a  fair  knowledge 
of  Latin,  which  was  practically  the  only 
subject  then  taught  in  English  schools ;  be 
also  picked  up,  without  any  assistance,  some 
knowledge  of  mathematics  and  science,  and 
he  read  some  logic,  which  was  regarded  as  a 
'necessary  preparation  for  the  study  of 
mathematics. 

In  1661,  Newton  entered  Trinity  College, 
Cambridge,  as  a  subsizar.  During  his  first 
year  of  residence  at  the  university  he 
attempted  to  read  a  book  on  astrology,  but 
could  not  understand  it  on  account  of  the 
geometry  and  trigonometry.  He  therefore 
read  in  order  Euclid's  "Elements of  Geom- 
etry," Oughtred's  *'  Clavis  "  (i.  e., Oughtred's 
key  to  the  mathematics),  and  Descartes' s 
*  *  Geometric.  * '     Euclid  he  found  surprisingly 


easy.  The  Cartesian  geometry  he  mastered 
by  himself,  though  with  considerable  diffi- 
culty, and  it  fascinated  him  so' much  that  he 
resolved  to  devote  himself  to  mathematics, 
rather  than  to  chemistry,  as  his  serious 
study. 

During  his  undergraduate  career,  NewtOD 
made  two  splendid  discoveries  in  mathe- 
matics. His  first  great  discovery  was  the 
binomial  theorem,  with  which  every 
student  of  algebra  ia  familiar.  His  second 
great  discovery  was  the  method  of  fluxions, 
now  known  as  difierential  calculus.  The 
oldest  professorship  of  mathematics  in  Cam- 
bridge [Jniversity — the  Lucasion — was  then 
recently  founded,  and  Dr.  Isaac  Barrow,  an 
eminent  mathematician  and  a  very  genial 
old  man,  was  the  first  Lucasian  professor. 
Newton  rendered  great  assistance  to  Dr. 
Barrow  in  the  preparation  of  his  treatise 
on  optics.  In  the  preface  Dr.  Barrow 
acknowledges  Newton's  help,  and  says  that 
Newton  corrected  many  errors  and  made 
several  valuable  additions  of  his  own.  The 
discoveries  that  Newton  had  already  made 
in  pure  mathematics  and  in  optics,  if  he  had 
never  done  anything  more,  would  have  been 
sufficient  to  rank  him  among  the  greatest 
scientific  men  that  ever  lived.  He  took  his 
B.  A.  degree  in  1665,  and  shortly  afterwards 
he  was  driven  from  Cambridge  by  the  great 
plague.  He  retired  to  Woolsthorpe,  and  the 
period  of  his  residence  in  the  home  of  his 
boyhood  is  crowded  with  brilliant  dis- 
coveries. 
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The  Difference  Between  Whale  and  Fish — Characteristic  Features  op  the  Greatest 
Inhabitant  of  the  Sea — Whale  Hunting  and  Other  Interesting^  Matters. 


IF  ASKED  to  describe  a  whale,  a  person 
having  but  a  superficial  knowledge  of 
zoology  will  say  that  it  is  **a  very  large 
fish.'*  So  far  as  the  appearance  of  the  ani- 
mal goes,  the  correctness  of  this  statement 
cannot  be  disputed,  but  a  closer  study  of 
this  great  inhabitant  of  the  high  seas,  and 
especially  of  its  internal  organs,  etc.,  will 
soon  convince  the  most  skeptical  that  the 
above  description  is  wrong — that  in  fact 
the  whale  is  not  a  fish  at  all,  but  belongs  to 
the  class  known  as  mammalia^  and  forms  a 
part  of  the  large  subkingdom  to  which  we 
human  beings  also  belong. 


Let  us  note  some  of  the  diflferencee  between 
a  fish  and  a  whale.  To  begin  with,  a  fish 
breaithes  by  gills,  obtaining  the  oxygen 
necessary  for  its  support  from  the  water ;  a 
whale,  on  .the  other  hand,  breathes  by  liuigs, 
rising  to  the  surface  of  the  water  at  intervals 
to  breathe,  just  as  we  should  if  similarly 
circumstanced.  A  fish  is  covered  with 
scales,  but  a  whale  is  not ;  while  the  blood 
of  a  fish  is  cold,  that  of  the  whale  is  warm. 
The  most  important  diflerence,  however,  and 
one  that  elevates  the  whale  to  a  zoological 
position  far  above  that  of  any  fish,  is  the 
fact  that  the  oflfepring  of  the  whale  is  bom 
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■live  Mid  is  Douriehed  bj  its  mother's  milk. 
As  ft  general  rule,  flahee  do  not  enjojr  the 
advftntage  of  parental  care,  being  hatched 
and  developed  from  ova,  apparently  without 
attention  and  without  any  defender  against 
their  many  enemies.  Such  ia  not  the  case 
with  the  jonng  whale,  the  mother  displaying 
for  it  the  greateet  affection  and  seeming  to 
immensely  enjoy  the  task  of  protecting  it 
from  danger. 

Another  thing  that  identifies  the  whale 
vith  the  mammalia  is  the  formation  of  its 
heart ;  this  is  double,  and  therefore  capable 
of  propelling  the  blood  through  the  syatem 
and  receiving  it  again.  Anatomically,  the 
wbale  ia  fouad  in  one  particular,  namely, 
the  conptiuclion  of  the  pectoral  fln,  to 
resemble  man-  In  the  human  arm  we  find, 
as  ahown  at  (&),  Fig.  1,  a  ahoulder  blade,  an 


chiefly  in  the  arctic  n^ona.  Ita  greatest 
length  is  from  60  to  70  feet,  and  around  the 
thickest  part  it  meaenres  from  30  to  40  feet. 
The  tail,  which  ia  very  powerful  and  uaed 
not  only  as  a  defensive  and  offenaive  weapon 
but  as  the  principal  aid  to  locomotioD,  is 
from  5  to  6  feet  long  and  from  20  to  25  feet 
broad ;  it  ia  formed  of  two  divei^ng  lobea, 
broadest  almost  where  they  are  united,  but 
with  a  slight  indentation.  The  pectoral  fins 
are  S  or  9  feet  long,  and  from  4  to  5  feet  broad. 
The  eyea,  which  are  aituated  on  the  sidea  of 
the  bead  about  a  foot  above  and  rather  behind 
the  angles  of  the  month,  ore  no  larger  than 
those  of  an  ox,  but  their  sense  of  sight  seems 
ta  be  acute,  at  least  when  under  water.  The 
month  of  a  Greenland  whale  is  from  15  to 
16  feet  long,  and  instead  of  being  provided 
with  teeth,  its  enormous  upper  jaw  is  beset 
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upper  arm,  a  radius,  an  ulna,  and  five 
fingers.  In  the  pectoral  fin  of  the  whale 
we  find  a  stunted  copy  of  this  arrangement, 
■0  shown  at  (a),  Fig.  1.  But  the  arm  that 
in  nmn  moves  freely,  and,  in  obedience 
to  homan  volition  and  intellect,  executes 
such  miracles  of  industry  and  art,  is  here 
chained  to  the  body  as  &r  as  the  hand, 
which  latter  is  covered  with  a  thick  skin  and 
appears  as  a  broad,  undivided  Bn,  or  fiipper ; 
yet  it  serves  a  higher  purpose  than  that  of  a 
mere  propelling  oar,  being  used  by  the 
mother  to  guide  and  shield  her  young  aa 
well  as  to  direct  her  own  movements. 

Of  the  several  species  of  whale  in  exist- 
ence, the  most  important  is  the-  Greenland 
whale,  which  inhabits  the  seas  of  the 
northern  part  of  the  world  and  abounds 


with  about  500  laminae  of  a  homy  substance 
known  as  whalebone,  though  in  reality  it  is 
no  bone  at  all.  Tlieee  lamince  ore  ranged 
side  by  side,  about  two-thirds  of  an  inch 
apart,  and  remind  one  of  the  frame  of  saws 
in  a  sawmill.  The  lower  ed^es  of  these 
whalebones  are  fringed  with  hair,  and  from 
the  palate  are  suspended  numerous  smaller 
laminte  of  the  thickness  of  a  quill,  a  few 
inches  long  and  likewise  terminating  in  a 
fringe  of  hair.  Thus  the  whole  roof  of  the 
mouth  appears  as  a  shaggy  for,  below  which 
lies  the  aoft  and  spongy  tongue.  This 
whalebone  covering — usually  known  as  the 
baleen— is  beautifully  adapted  to  the  pecu- 
liar manner  in  which  the  whale  obtains  his 
food,  which  he  dues  in  the  following  man- 
ner ;  He  Bwima  rapidly  with  open  mouth, 
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and  gathers  in  as  many  as  possible  of  the 
minate  animals  and  fishee  contained  in  the 
water;  then,  cloBing  the  "wide  gates,"  ho 
expels  the  water  in  foaming  streams,  bnt 
retains  the  little  creatores,  which  become 
entangled  by  the  thousand  in  the  fringy 
thicket  as  though  caagbt  in  a  net  It  is 
thus  seen  that  the  principal  food  of  the 
whale  does  not  consist,  as  one  might  at  first 
suppose,  of  the  la^^  fishes,  bat  of  tboee 
very  small  iikhabitants  of  the  sea  known  as 
pUropod  moUuthg,  and  also  of  small  fishes, 
fbw  of  which,  however,  are  larger  than  a 
herring;  hence,  the  prevailing  belief  that  the 
worthy,  though  somewhat  sinful,  prophet 
Jonah  was  swallowed  by  a  whale,  is  but  the 
creation  of  some  highly  imsginative  mind, 
and  is  not  baaed  on  fact. 

The  skin  of  a  whale  is  about  an  inch  thick, 
and  covers  a  layer  of  bt  15  inches  thick  ; 
this  dense  covering 
serves  the  animal  as  a 
great  coat,  and  keeps 
its  body  warm  in  the 
cold  seas  that  it  in- 
habits. The  color  of 
this  skin  is  nsually  of 
a  fine  glossy  black  on 
the  upper  part  of  the 
animal,  while  the 
nnder  part  and  lower 
jaware  of  adead  white. 

One  young  whale  is 
produced  at  a  birth, 
and  is  then  from  10  to 
14  feet  in   length. 

Suckling  is  performed  __„, 

at  the  surface,  the  („> 

mother    rolling    from  - 

side  lo  side  in  order 

that  she  and  the  young  one  may  be  able  to 
breathe  in  turn.  Wnalea  generally  come  to 
the  surface  to  breathe  at  intervals  of  from  fi 
to  10  minutes,  but  they  are  capable  of  remain- 
ing under  water  for  half  an  hour  or  more  ; 
when  they  do  come  up  they  usually  remain 
on  the  surface  for  2  or  3  minutes,  during 
which  time  they  blow  out  a  certain  amount 
of  water  through  the  air  hole  situated  on  the 
top  of  the  head,  and  then  descend.  The  noiee 
they  make  in  blowing  is  very  loud,  and  the 
spout  of  spray  ejected  ascends  several  yards 
into  the  air,  appearing  at  a  distance  like  a 
puff  of  smoke.  In  ite  sportive  humors  the 
whale  is  sometimes  seen  to  spring  out  of  the 
water,  and  to  remain  suspended  in  the  air 
for  a  moment.  On  falling  back,  high  foam- 
crested  fountains  spout  forth  on  all  sides. 
At  other  times  it  raises  its  head  vertically 


out  of  the  water,  so  that  the  lookout  on 
some  ship  in  the  vicinity  fknciea  he  sees  a 
black    rock    looming   up   in  the   distance. 
Quite  suddenly,  however,  the  fimcied  rock 
turns  over  and  round,  and  brandishes  play- 
fully iU  enormous  flukes  in  the  air,  or  lashes  , 
the  water  with  such  prodigious  power  that 
the  noise  is  distinctly  beard  2  or  3  mUe( 
away,  and  resembles  tbnnder  rolling  over  the 
deserts   of  the    ocean.      As  to  the  speed 
developed  by  wholee,  nothing  definitely  can 
be  said  ;  their  average  march  through  oral 
the  surface  of  the  water  is  eetimated  to 
be  at  a  speed  of  about  4  miles  an  hour,  bat 
this  is  greatly  increaaed  if  the  animal  is 
frightened— something  that  easily  happens 
—and  when  wounded,  terror  and  pain  drive 
It    through    the   water   with    astonishing 
rapidity.    The  weight  of  a  well-nourished 
whale  having  a  length  of  60  feet  is,  according  . 
to  Scoreaby,  70  tons. 
Of  this  vast  weight  the 
blubber,  or  coat,  ac- 
counts t(x  30  tons,  the 
bones  10  tons,  and  the 
rest  of  the  carcass  the 
remaining  30  tons. 

That  whalee  enjoy 
the  benefit  of  good 
sound  sleep  is  evi- 
denced by  the  fact  that 
ships  sometimes  col- 
lide with  them  as  they 
rest  unconsciously 
slumbering  at  the  sur- 
face of  the  water.  Not 
_  very  long  ago  the  cop- 

per sheathing  on  the 
,  bow  of  the  Danish  sail- 

ing ship  "Harold" 
was  damaged  to  some  extent  by  colliding,  in 
the  dark  of  night,  with  a  sleeping  whale. 
The  crew  believing  the  ship  to  be  sinking, 
from  iiaving  run  against  some  unknown  bid- 
den rock,  b^an  sounding  the  pamps  and 
clearing  the  life  boats.  No  water,  however, 
was  foond  in  the  hold  ;  and  when  daylight 
broke  a  close  investigation  of  the  bow 
showed  lumps  of  a  greasy  euhstance  jammed 
between  pieces  of  the  torn  sheathing,  which 
proved  beyond  doubt  the  nature  of  the 
"rock"  encountered.  Presumably,  a  cod- 
siderable  time  will  elapse  ere  that  parUcnlar 
whale  is  again  cai^ht  napping. 

Whale  banting,  that  is,  the  capturing  and 
hilling  of  the  whale  for  the  purpose  of  ntdli- 
I'mg  the  valuable  oil  and  other  useful  sab- 
stances  contained  in  its  body,  has  been 
practiced  for  centuries.    It  is  not  only  a  very 
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dangerous  and  laborious  pursuit,  but  it  is 
alBo  extremely  precarious  and  uncertain  in 
its  result.  Sometimes  a  complete  cargo  of 
oil  and  whalebone  is  captured  in  a  compara- 
tively short  time,  but  it  frequently  happens 
that  a  ''whaler/*  as  a  vessel  engaged  in 
\yhale  hunting  is  called,  may  cruise  for 
months  without  getting  a  single  whale. 

The  method  of  whale  catching  has  been  so 
often  and  so  minutely  described  that  it  is 
possibly  familiar  to  the  reader.  However, 
for  those  not  acquainted  with  the  methods 
employed  a  brief  description  may  be  of 
interest. 

Each  whaler  has  generally  six  or  seven 
boats,  from  25  to  30  feet  long,  each  capable  of 
carrying  six  or  seven  men,  together  with  a 
sufficient  amount  of  whale  line.  The  crew 
of  a  whaler  consists  of  from  40  to  50  men, 
each  of  whom,  from  the  captain  down  to  the 
boys,  receives,  in  addition  to  his  regular 
palary,  a  gratuity  for  every  whale  caught, 
and  a  certain  sum  for  every  ton  of  oil  pro- 
duced from  the  cargo.  When  the  ship 
urrives  in  the  vicinity  of  a  whaling  ground, 
or  a  r^on  of  the  sea  frequented  by  whales, 
a  lookout  is  stationed  at  the  foremast  head, 
and  as  soon  as  a  whale  is  sighted  the  boats 
are  lowered  and  manned.  A  regular  race 
between  the  boats  is  now  usually  indulged 
in,  each  boat  crew  exerting  their  utmost 
strength  to  reach  the  whale  first.  The  har- 
pooner — one  of  the  crew,  a  man  of  unflinch- 
ing eye  and  nerve— is  ready,  as  soon  as  the 
boat  is  sufficiently  near  the  whale,  to  hurl 
his  harpoon  into  the  animal's  side  with  all  his 
strength  ;  the  men  at  the  oars  instantly  back 
the  boat,  and  the  whale  when  struck  usually 
dives  down  perpendicularly  with  fearful 
velocity,  sometimes  carrying  out  more  than 
200  fathoms  of  the  line  attached  to  the  har- 
poon. It  remains  below  for  about  20  minutes 
or  more,  and  when  it  rises  the  boat  hastens 
towards  it  again,  and  a  second  harpoon  is 
planted  in  its  body.  Now,  instead  of  at 
once  descending,  it  usually  strikes  violently 
with  its  tail,  to  destroy  its  enemies  ;  at  such 
times  great  caution  is  necessary  on  the  part 
of  the  boat's  crew,  since  a  single  blow  from 
its  powerful  weapon,  the  tail,  will  smash  the 
boat  to  pieces  and  send  its  occupants  into 
eternity  in  short  order.  When  again  descend- 
ing it  cannot  remain  long  below,  and 
returning  to  the  surface  it  usually  spouts 
blood  through  the  blowhole  and  lashes  the 
crimsoned  waters  into  foam.  Lances  are 
then  used  by  the  boats  to  make  the  struggle 
short ;  when  lanced  it  sometimes  dies  almost 
at     once,  but   sometimes  a  terrific   battle 


takes  place.  Not  unfrequently  it  happens 
that,  instead  of  dying  at  the  surface  of  the 
water,  the  whale  descends  and  does  not 
appear  again,  and  is  consequently  lost. 

When  floating  inert  and  lifeless,  it  is  towed 
by  the  boats  alongside  the  ship,  and  made 
flELst  to  its  side  by  hawsers  and  chains.    The 


The  Greenland  Whale. 

process  of  flensing  then  begins.  Several  of 
the  crew,  having  their  boots  armed  with  iron 
spikes  to  prevent  slipping,  descend  upon  the 
carcass  and  cut  into  the  blubber,  removing 
long  strips  of  skin,  which  are  hoisted  to  the 
deck.  The  skin  removed,  great  cubical 
pieces  of  blubber,  of  from  a  tiiousand  pounds 
to  a  ton  in  weight,  are  cut  out  and  brought 
on  deck.  In  this  way  the  flensing  is  carried 
on,  the  whale  being  turned  over  and  over,  in 
order  that  every  part  may  be  reached. 

Meanwhile,  others  of  the  crew,  having 
opened  the  mouth  of  the  dead  whale,  enter 
it  and  remove  the  baleen.  What  is  left  of 
the  carcass  is  then  flung  adrift,  and  sometimes 
it  sinks,  but  oftener  floats.  In  the  latter 
case,  a  magnificent  feast  for  birds  and  fishes 
b^ns,  they  having  assembled  in  the  vicinity 
when  the  flensing  commenced,  attracted  by 
the  odor  and  unusual  scene,  and  with  diffi- 
culty being  kept  at  bay  by  the  men  while 
the  work  was  going  on.  Crowds  of  fulmars 
and  snowbirds  now  flock  together  and  enjoy, 
side  by  side,  the  delicious  repast.  But,  on 
earth  perfect  felicity  is  rare,  and  so  with 
their  delight,  which  is  often  disturbed  by 
the  appearance  of  their  dreaded  enemy,  the 
blue  gull,  which  surpasses  them  in  strength, 
and  frequently  forces  them  to  disgorge  the 
daintiest  morsels.  At  the  same  time,  sharks 
and  other  inhabitants  of  the  deep  that  are 
by  nature  provided  with  powerful  teeth,  are 
busy  biting  and  cutting  that  part  of  the  car- 
cass which  is  below  the  water-line.  As  a 
consequence  of  this  elaborate  feast,  which 
sometimes  lasts  for  days,  the  carcass,  being 
deprived  of  its  floating  material,  finally  dis- 
appears. 

Meanwhile  the  crew  of  the  whaler  is 
busy,  paying  no  attention  to  the  rather  noisy 
diners.  The  blubber,  after  being  received 
on  deck,  is  cut  into  smaller  cubical  pieces 
and    subjected  at  leisure  to  a  process  by 
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which  the  cellular  tissue  is  separated  from 
it ;  the  product  is  finally  stored  in  casks,  to 
be  conveyed  home  and  boiled  for  oiL  From 
a  ton  of  blubber  is  produced  nearly  200  gal- 
lons of  oil,  and  a  single  whale  yields  blubber 
and  whalebone  of  a  value  ranging  from 
$3,500  to  $4,000. 

The  harpoon  used  in  whaling  consists  in 
its  simplest  form  of  an  iron  spear,  about 
5  feet  in  length,  with  a  well-flattened  point, 
having  sharp  cutting  edges  and  two  large 
barbs.  The  gun  harpoon  is  similarly  shaped 
and  is  fired  from  a  small  swivel  cannon 
attached  to  the  whaler's  boat. 

Of  late,  several  other  methods  have  been 
introduced  in  the  whale-killing  business, 
some  of  which  have  met  with  favor  while 
others  have  not.  Among  the  latter  is  the 
introduction  of  deadly  poison  into  the  body 
of  the  whale  by  means  of  a  harpoon  con- 
structed for  that  special  purpose  ;  the  crews 
of  the  whalers,  however,  objected  strongly 
to  work  on  the  carcass  and  handle  the 
blubber  from  a  whale  killed  by  poison. 
Electricity  may,  however,  in  the  future, 
take  a  prominent  place  in  the  whale-killing 
business. 

Another  method  of  despatching  the  whale, 
which  is  peculiar  and  interesting,  is  prac- 
ticed in  the  fiords  of  Norway.  When  a  whale 
finds  its  way  through  a  narrow  inlet  of  one 
of  these  fiords  it  often  fails  to  recognize  the 
passage  when  trying  to  get  out  again.  The 
inhabitants  then  are  all  on  the  alert  to  com- 
pass his  destruction,  and  this  they  generally 
do  without  the  smallest  risk  to  themselves. 
They  shoot  an  arrow  high  in  the  air  so  that 
when  it  descends  it  will,  if  properly  aimed, 
bury  itself  in  the  back  of  the  whaJe.  The 
arrow  is  a  short  piece  of  iron,  and  the  older 
and  rustier  it  is,  the  better  it  fulfils  its  pur- 
pose. The  arrow  works  itself  down  through 
the  flesh  to  some  vital  part,  or  makes  a 
poisoned  wound  that  soon  brings  the  whale 
to  the  surface,  dead.  A  loose  wooden  shaft 
is  fastened  to  the  iron  dart,  and  marks  on 
this  shaft  indicate  to  whom  it  belongs,  and, 
consequently,  no  dispute  can  arise  as  to  the 
dealer  of  the  fatal  blow. 

Important  as  the  whale  is  to  the  cultured 
man  for  the  oil  and  whalebone  that  it  yields 


— the  latta*  being  used  principally  as  stififen- 
ing  in  dress  bodices,  and  for  fans,  etc — it  is 
of  no  less  importance  to  the  rude  native  of 
those  shores  washed  by  the  Arctic  Ocean. 
The  Eskimo  and  Greenlander  uses  it  for  food 
as  well  as  for  fuel ;  its  flesh  is  their  chief 
article  of  food,  while  its  bones  and  baleen 
are  used  for  making  tents,  boats,  harpoons, 
spears,  and  sledges;  the  sinews  supply  a 
substitute  for  thread,  and  the  membranes 
serve  as  window  glass. 

As  to  the  age  of  whales  much  speculation 
has  arisen,  but  nothing  definite  can  be 
stated.  Some  naturalists  claim  eight  or  nine 
centuries  to  be  the  average  period  of  the 
whale's  wanderings  in  this  world— this 
supposition  being  based  on  certain  peculi- 
arities displayed  by  the  animal — while 
others  consider  this  age  entirely  too  great 
Whatever  the  exact  age,  the  whale's  exist- 
ence is,  like  our  own,  a  mixture  of  joy 
and  sorrow. 

Besides  man,  it  has  a  vast  number  ot 
enemies,  the  most  dangerous  of  which  are 
the  swordfish  and  the  Greenland  shark,  that 
often  attack  him  conjointly  and  in  packs. 
Fishermen  relate  that  whenever  the  whale 
and  swordfish  meet,  they  engage  in  deadly 
combat,  the  latter  invariably  making  the 
attack  with  inconceivable  fury,  the  engage- 
ment ending  only  with  the  death  of  one  of 
the  unwieldy  combatants.  Besides  these 
attacks  of  what  may  be  termed  more  or  less 
noble  foes,  the  whale  is  constantly  harassed 
by  several  insects  that  bite  and  inflict  upon 
its  body  painful  wounds.  The  whale  lice 
are  the  principal  offenders  belonging  to  the 
latter  category.  They  adhere  to  the  back  of 
the  whale  by  the  thousand,  making  it  their 
feeding  ground,  sometimes  turning  it  into 
one  vast  sore.  In  addition,  barnacles  often 
cover  the  whale  in  such  masses  as  to  make 
its  skin  appear  to  be  clothed  with  a  large 
whitish  robe,  and  in  the  summer,  when  the 
plague  is  greatest,  numerous  sea  birds 
accompany  the  whale  and  settle  on  its  back 
as  soon  as  it  appears  at  the  surface,  in  order 
to  feed  upon  these  disgusting  parasites. 

So,  after  all,  we  may  conclude  that  the 
life  of  this  noble  monarch  of  the  ocean  is 
not  altogether  an  enviable  one. 
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Thb  Fate  op  Finland. 


JUST  one  year  has  elapsed  since  the 
Emperor  of  Russia  invited  the  world 
powers  to  a^emble  in  what  is  now 
commonly  called  the  Peace  Conference. 
The  proposition  was  received  with  enthu- 
siasm by  Great  Britain,  who  generally  has  a 
"little  war''  on  her  hands  ;  with  moderate 
interest  by  the  United  States,  then  at  war 
after  thirty  years  of  peace ;  with  manifest 
irritation  by  France,  who  does  not  intend  to 
sheathe  her  sword  until  her  old  frontier  is 
restored  to  her ;  with  cautious  curiosity  by 
Grermany,  doubtful  of  the  intentions  of  her 
neighbor  and  jealous  of  imperial  prerogative ; 
and  with  more  or  less  indifference  by  the 
other  powers,  who,  however,  agreed  to 
accept  the  Czar's  invitation  and  send  repre- 
sentatives to  the  conference. 

It  is  quite  natural  that  the  English-speak- 
ing nations,  who  show  a  keener  interest  in 
the  objects  which  the  Russian  government 
professed  to  have  at  heart,  should  also  have 
observed  more  keenly  than  usual  the  affairs 
of  Russia  during  the  past  twelve  months. 
And  this  for  two  reasons.  Russia,  as  repre- 
sented by  her  Czar  and  his  ministers,  rarely 
tells  anything  about  herself  unnecessarily  ; 
she  is  an  adept  in  the  art  of  holding  her 
tongue.  The  nations  to  whom  a  general  war 
would  be  a  great  calamity  feel  a  friendly 
curiosity  about  the  neighbor  who  comes  for- 
ward as  the  advocate  of  peace.  They  remem- 
ber also  that  ''deeds,  not  words,"  are  the 
beet  evidence  of  character.  They  desire  to 
infer  from  her  present  actions  the  degree  of 
confidence  which  may  be  placed  in  Russia's 
promises  for  the  future.  Her  past  history  is 
that  of  an  aggressive  rather  than  a  peaceful 
power,  enlarging  her  borders  every  year, 
and  so  protecting  a  frontier  ( which  no  one 
has  ever  threatened)  that  counter-defenses 
have  become  necessary  ;  while  she  employs 
in  her  diplomacy  the  oriental  rather  than 
the  western  standard  of  truthfulness.  Peace 
between  men  or  between  nations  can  only 
be  secured  by  fairness,  by  uprightness,  by 
just  dealing,  by  mutual  respect  for  one 
another's  rights.  Has  Russia  turned  over  a 
new  leaf?  Has  the  Ethiopian  changed  his 
skin,  or  the  leopard  his  spots?  Ask  the 
students  of  St.  Petersburg  ^  let  China — let 
Finland  answer ! 


A  year  ago  a  paragraph  headed  ''  Russia 
and  Finland"  would  have  attracted  very 
little  attention  among  English-speaking  peo- 
ple; now  newspapers  and  magazines  alike 
devote  space  to  a  statement  of  the  case.  A 
country  smaller  than  California,  situated  in 
a  remote  part  of  Europe,  and  with  a  popula- 
tion less  than  half  that  of  Pennsylvania, 
Finland  has  been  of  little  interest  to  any  one 
but  her  near  neighbors  on  the  east  and  west, 
and  to  her  own  people,  who  have  plenty  of 
patriotic  pride  and  affection.  But  the  fate 
which  has  overtaken  her  since  the  Peace 
Circular  was  issued  affords  a  very  striking 
object  lesson.  The  facts  are  simple  and  can 
be  easily  stated.  There  are  no  complica- 
tions with  foreign  powers,  as  is  the  case  with 
China ;  nor  is  there  the  fear  of  internal  dis- 
order which,  rightly  or  wrongly,  has  long 
been  connected  with  the  student  class  in 
Russia.  It  therefore  affords  a  foir  illustra- 
tion of  the  methods  of  Russian  gover^ment. 

Finland  became  a  province  of  Sweden  in 
the  fourteenth  century.  The  two  races 
intermarried  to  some  extent,  but  the  recog- 
nition of  distinct  nationality  remained. 
Sweden  had  no  more  loyal  subjects  than 
the  Finns  in  the  wars  which  took  place  with 
Russia,  although  there  were  occasions  when 
the  Russians  tried  to  arouse  in  the  province 
a  national  sentiment,  hoping  thus  to  weaken 
their  Swedish  opponents  and  to  create  a  bar- 
rier, or  what  is  now  called  a  "  buffer  state," 
between  the  two  countries.  They  were 
unsuccessful ;  but  early  in  this  century,  in 
1808,  Sweden  was  overpowered  by  her 
stronger  neighbor  and  lost  her  control  over 
her  old  province  of  Finland.  The  Czar  of 
Russia  at  that  time  was  Alexander  I,  a  man 
of  humane  and  noble  character.  He  assem- 
bled the  representatives  of  the  Finnish  peo- 
ple, recognized  and  promised  to  maintain 
the  constitution  under  which  they  had  long 
been  governed,  guaranteeing  the  rights  and 
liberties  hitherto  enjoyed  by  the  inhabitants 
of  what  now  became  known  as  the  Grand 
Duchy  of  Finland.  The  same  pledge  was 
given  by  his  successor  Nicholas,  while  Alex- 
ander II,  in  1869,  and  Alexander  III,  in 
1886,  granted  additional  powers  of  self- 
government.  The  present  Czar,  Nicholas 
II,  when  he  came  to  the  throne  in  1894, 
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confirmed  the  Finnish  constitution,  swear- 
ing to  uphold  the  fundamental  laws  and 
Uberties  of  the  country. 

The  form  of  home  rule  which  Finland 
enjoys  is  simple.  The  Czar  controls  rela- 
tions with  foreign  countries,  commands  the 
army,  appoints  the  governor-general  and  the 
members  of  the  Senate,  an  administrative 
council  of  twenty  persons  who  must  be 
Finns,  and  who  are  continuously  in  office 
during  their  term  of  three  years.  The  Diet, 
or  parliament,  consists  of  four  houses,  or 
orders :  the  nobles,  the  clergy  (Lutheran), 
the  burgesses  (representing  the  towns),  and 
the  peasantry.  Each  house  votes  sepa- 
rately, and  all  have  equal  authority.  Their 
consent  is  necessary  for  the  making  and 
repealing  of  laws,  the  laying  of  taxes,  and 
the  levying  of  troops.  Any  action  of  the 
Diet  must  have  the  Czar's  consent  It  sits 
at  Helsingfors,  the  capital  of  the  country, 
and  must  be  summoned  at  least  once  in  five 
years. 

Finland  is  prosperous  and  contented,  and 
her  people  believe  that  her  well-being  is  due 
to  their  constitutional  government,  which  is 
suited  to  their  national  character  and  to 
which  they  are  firmly  attached.  Russian 
government  officials  have  looked  with 
resentment  on  the  comparative  freedom  of 
the  Finns,  their  light  taxation,  and  the 
small  contribution  they  make  to  the  military 
power  of  the  empire.  The  Russian  press 
has  very  little  influence  in  comparison  with 
that  of  countries  in  which  education  is  more 
general  and  freer  from  government  censor- 
ship ;  but  such  as  it  is  it  has  agitated  the 
Finnish  question  during  the  past  ten  or 
twelve  years  on  reUgious  as  well  as  on  polit- 
ical grounds ;  for  the  Russian  state  church 
has  little  toleration  for  those  who  profess  a 
diflerent  form  of  religion.  The  Finns  have 
not  been  seriously  disturbed.  Russian  Czars 
had  kept  faith  with  them  for  ninety  years, 
and  they  in  their  turn  had  been  true  to  their 
obligations,  and  had  confidence  in  their 
sovereign. 

The  Czar's  Peace  Circular  proposing  a 
diminution  of  standing  armies  was  issued 
in  August.  In  October  the  Czar  laid  before 
the  Diet  of  Finland  a  Military  Reform  bill, 
which  involved  a  change  in  one  of  the  fun- 
damental laws  of  the  constitution.  Accord- 
ing to  Finnish  law,  every  man  is  liable  to 
military  service  at  twenty -one  years  of  age. 
The  standing  army  consists  of  5,600  men, 
one-third  of  this  number  being  annually 
drawn  by  ballot  from  a  population  of  two 
and  a  half  millions.    They  serve  for  three 


years,  and  are  then  placed  in  the  reserve  for 
two  years.  Those  young  men  who  are  not 
drawn  for  the  regular  army  are  placed  in  the 
reserve  at  once,  and  receive  thirty  days' 
military  training  every  year  for  three  years. 
They  are  commanded  by  native  officers,  and 
are  intended  for  the  defense  of  their  own 
country ;  only  for  special  reasons  may  they 
be  sent  beyond  the  frontier.  The  new  mill- ' 
tary  bill  provided  that  in  addition  to  the 
army  in  Finland  over  5,000  young  men 
should  be  sent  every  year  to  serve  in  any 
part  of  Russia  under  Russian  officers,  instead 
of  going  into  the  reserve ;  and  that  the  term 
of  service  spent  with  the  colors,  whether  for 
home  defense  or  for  imperial  service,  should 
be  raised  to  five  years,  with  thirteen  years 
in  the  reserve.  This  great  increase  in  the 
military  force  would  naturally  involve  a 
corresponding  increase  in  taxation,  and  the 
country  would  also  be  deprived  of  the  labor 
of  almost  all  the  young  men  of  21  to  26  years 
of  age. 

The  Diet  was  not  asked  to  give  its  consent 
to  this  bill,  according  to  constitutional 
requirement ;  it  was  asked  only  to  express 
an  opinion  on  its  provisions.  The  bill  was 
then  to  be  submitted  to  the  state  council  at 
St.  Petersburg,  a  body  composed  of  Russians, 
and  to  become  law  after  receiving  the  Czar's 
sanction.  The  people  of  Finland  were 
roused  by  this  infringement  of  their  rights, 
and  a  respectful  remonstrance  was  addressed 
to  the  Czar.  His  reply,  received  in  Febru- 
ary, was  in  the  form  of  a  manifesto,  to  the 
effect  that  the  Diet  had  authority  with 
regard  to  the  local  laws  of  Finland,  bat  he 
claimed  for  himself  the  right  to  decide 
whether  legislation  did  or  did  not  affect  the 
general  interests  of  the  empire.  It  is  evident 
that  laws  of  any  kind  may  be  treated  as  of 
imperial  interest.  Education,  transport,  cus- 
toms, taxation,  the  coinage,  th^  eriminal 
code,  and  many  other  matters  may,  under 
this  pretext,  be  taken  from  the  control  of 
the  Diet,  and  placed  in  charge  of  the  state 
council  at  St.  Petersburg. 

The  people  have  appealed  to  their  sov- 
ereign. Their  highest  officials  made  two 
unsuccessful  attempts  to  see  the  Czar.  A 
monster  petition,  signed  by  half  a  million 
persons,  about  half  the  adult  population  of 
the  country,  was  sent  to  him  by  elected 
delegates.  The  Czar  refused  to  accept  it 
until  the  signers  had  received  the  approval 
of  the  (Russian)  governors  of  the  provincee 
of  Finland.  The  lovers  of  liberty  in  Europe 
have  attempted  to  aid  the  Finns  in  this 
strait.    A  deputation  of  distinguished  i^en 
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representing  eight  different  countries  visited 
St  Petersburg,  bearing  petitions  signed  by 
nearly  1,00()  names,  including  many  that  are 
eminent  in  the  world  of  science  and  letters  in 
Europe.  As  individuals  these  gentlemen  were 
treated  with  courtesy  and  hospitality ;  but 
the  Czar  declined  to  receive  the  addresses 
pleading  for  justice  and  for  a  reconsideration 
of  his  decision.  The  Diet  has  acted  in  a  man- 
ner worthy  of  the  representatives  of  a  free 
people.  It  has  refused  consent  to  the  Military 
Bill,  but  proposed  a  counter  measure  which 
is  to  some  extent  a  compromise.  It  affirms 
that  the  Czar's  February  manifesto  has  not  the 
sanctity  of  law  in  Finland,  and  that  laws 
relating  to  military  service  must  conform  to 
the  decision  of  the  Diet.  Thus  they  make 
their  last  stand  for  the  independence  of  their 
country,  and  in  the  face  of  almost  hopeless 
odds  resolve  to  die  fighting,  if  die  they  must. 


They  believe  that  they  have  just  one  chance 
in  the  unequal  conflict  with  their  powerful 
opponent,  and  that  depends  on  the  character 
of  the  Czar  himself.  It  is  their  conviction 
that  he  is  in  ignorance  of  the  true  state  of 
the  case,  and  unduly  influenced  by  his  min- 
isters ;  were  he  unfettered  they  believe  he 
would  sustain  the  constitutional  rights  of  the 
country. 

Nicholas  stands  as  the  representative  of 
his  government.  He  appeals  to  Europe  as 
the  advocate  of  mercy  and  peace  at  the 
moment  when  a  loyal  people  are  being 
robbed  of  the  ancient  liberties  he  has  sworn 
to  protect.  Is  he  the  Autocrat  of  all  the 
Russias  ?  or  is  he  only  a  tool  in  the  hands  of 
his  ministers  ?  and  in  which  of  these  char- 
acters will  he  pledge  his  faith  to  Europe  and 
to  the  world  when  he  accepts  the  decisions 
of  the  Peace  Conference  now  in  session  ? 


A  HORSE-CHESTNUT. 


George  McC.  Robson,  M.  A. 


An  Arithmetical  Trick. 


IT  IS  an  indisputable  fact  that,  of  all  mem- 
bers of  the  chestnut  family,  the  horse- 
chestnut  tree  attains  the  greatest  age, 
and  its  fruit  acquires  the  most  objectionable 
flavor.  In  making  this  statement,  we  have 
no  desire  to  enter  into  controversy  with  the 
botanists,  or  to  trespass  on  their  territory. 
In  order  to  avoid  bloodshed  and  interna- 
tional complications  of  a  grave  character,  we 
hasten  to  explain  that  the  horse-chestnut  to 
which  we  refer  is  not  the  buckeye,  but  a 
certain  species  of  arithmetical  trick.  Occa- 
sionally, one  of  these  tricks,  of  most  vener- 
able antiquity,  arrays  itself  in  a  spring  suit 
of  bright-green  leaves  and  tries  to  pass  cur- 
rent as  a  novelty.  Many  people  sympathize 
with  the  diner-out  who  said  he  liked  mutton 
pretty  well,  but  despised  **  mutton  dressed 
lamb  fashion''  ;  in  this  spirit  some  of  our 
readers  may  enjoy  a  simple  old  trick  which 
makes  no  pretension  of  novelty.  The  trick 
consists  in  a  peculiar  method  of  performing 
multiplication  in  certain  cases.  It  is  easy 
to  see  that  correct  products  are  obtained 
by  this  peculiar  method  in  the  following 
examples. 

The  product  of  84  and  67  is  found  in  this 
way  :    7  X  4  =  28,  write  down  28  as   part 


of  the  product  and  carry  1  to  the  84 
next  figure  of  the  multiplier;  then  67 
6  +  1  =  7,  and  8  X  7=56;  write 56  5^ 
to  the  left  of  28,  the  part  of  the  prod- 
uct previously  found.  The  whole  product 
is  5,628. 

As  another  example,  we  may  find   the 
product    of  34    and   62.     We  have 
4  X  2  =  8  =  08,  which  gives  the  first         34 

two  figures  of  the  required  product.    62 

Carrying  1  to  6,  we  get  7  for  the  next    2,108 
multiplier,    and   3X7  =  21,    which 
must  be  placed  to  the  left  of  08,  the  part  of 
the  product  already  found.    Thus,  the  prod- 
uct is  2,108. 

It  is  evident  that  this  peculiar  method  of 
multiplication  is  not  applicable  in  all  cases. 
It  is  necessary,  therefore,  to  have  some  way 
of  determining  when  this  method  can  be 
used.  Any  person  possessing  a  knowledge 
of  elementary  algebra  can  easily  devise  a 
method  of  detecting  the  cases  to  which  it 
applies.  We  shall  not  give  a  general  rule 
for  determining  its  applicability,  but  shall 
merely  point  out  the  following  case  in  which 
this  method  eflects  a  considerable  saving  of 
labor. 

This  method  can  be  applied  to  find  the 
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product  of  two  numbers,  when  the  part  pre- 
ceding the  figure  in  the  units'  place  is  the 
same  in  both  numbers,  and  the  sum  of  the 
unite'  digits  is  ten.  For  example, 
this  method  gives  the  product  of  197  1^7 
and  193;  7X3  =  21;  1  carried  to  19  J93 
makes  20,  and  19  X  20  =  380.  The  38,021 
product,  therefore,  is  38,021. 

There  are  two  points  to  be  noted  particu- 
larly. First  J  the  product  of  the  figures  in  the 
units'  place  must  be  written  with  two  figures, 
so  as  to  fill  both  the  units'  and  the  tens' 
place;  second j  the  amount  to  be 
carried  is  always  unity.    Thus,  in  999 

multiplying  999  by  991,  we  have  991 

9X1=9  =  09,    which    gives   the    990009 
first  two  figures  of  the    product. 


Carrying  1,  we  have  99  -h  1  =  100,  and 
99X100  =  9,900.  Thus,  the.  product  is 
990,009. 

Endless   variety   can   be  given   to   this 
method  by  a  little  ingenuity.    Thus  9,988 
may  be  multiplied  by  9,912  in 
the  following  manner  :  88  X  12  9,988 

=  1,056,  which  gives  tlie  first  9,912 

four  figures  of  the  product;  1  99  001056 
carried  to  99  makes  100,  and 
99X100  =  9,900.  Hence,  the  product  of 
9,988  and  9,912  is  99,001,056.  Here  we 
see  that  the  part  preceding  the  tens'  digit 
is  the  same  in  both  numbers,  and  the  sum  of 
the  parts  succeeding  the  hundreds'  digit  is 
one  hundred  ;  any  two  numbers  possessing 
this  relation  can  be  multiplied  in  this  way. 


ELECTRICITY  FROM  CARBON. 


BEFORE  the  invention  and  introduction 
of  the  dynamo,  primary  batteries  were 
the  only  available  source  of  current 
when  any  considerable  quantity  of  electricity 
was  needed.  By  using  large  batteries,  a 
considerable  amount  of  energy  could  be 
developed ;  but  the  cost  of  the  materials 
consumed  was  high,  and  consequently  bat- 
teries of  this  kind  were  never  able  to 
compete  with  the  steam  engine  in  the  pro- 
duction of  power  for  industrial  purposes. 
With  the  invention  of  the  dynamo  the  cost 
was  greatly  reduced,  electrical  energy  pro- 
duced by  the  steam  engine  and  dynamo 
costing  only  about  one-seventeenth  as  much 
as  energy  produced  by  primary  batteries. 
The  modern  dynamo  is  a  very  efficient 
machine,  but  when  we  come  to  look  at  the 
amount  of  power  we  are  getting  in  the  form 
of  electricity,  as  compared  with  the  actual 
energy  produced  by  the  heat  of  combustion 
of  the  coal  under  the  boilers,  we  are  brought 
face  to  face  with  the  fact  that  we  are  only 
getting  from  10  to  12  per  cent,  of  the  energy 
thus  represented.  This  is  due  largely  to  the 
unavoidably  low  thermodynamic  efficiency 
of  the  steam  engine  and  to  the  numerous 
other  heat  wastes. 

For  the  reasons  mentioned  above,  it  is  little 
to  be  wondered  at  that  so  many  attempts 
have  been  made  to  find  some  means  of  con- 
suming carbon,  with  the  production  of  elec- 
tricity and  without  the  intervention  of  either 
boiler,  steam  engine,  or  dynamo.  Every 
now  and  then  a  cell  is  brought  out  which, 
it  is  claimed,  consumes  carbon,  but  none 
of  these  have  so  far  been  successful.    Mr. 


Willard  E.  Case  has  recently  brought  out 
a  cell  in  which  carbon  is  oxidized  by  the 
oxygen  of  the  air,  at  ordinary  temperatures, 
with  the  production  of  electricity.  The  form 
of  cell  used  by  him  consisted  of  a  vessel  con- 
taining a  solution  of  ferric  chloride.  In  this 
two  electrodes  were  immersed,  one  consist- 
ing of  carbon  and  the  other  of  platinum. 
Air  was  then  passed  through  the  cell,  and  it 
was  found  that  an  electromotive  force  was 
set  up  between  the  electrodes.  In  this  cell 
the  ferric  chloride  is  reduced  to  ferrous 
chloride  by  the  action  of  the  carbon,  and 
oxygen  is  set  free  at  the  carbon.  This 
oxygen  combines  with  the  carbon,  and  the 
energy  represented  by  this  combination 
reappears  in  the  form  of  an  electric  current. 
The  air  acting  on  the  ferrous  solution  changes 
it  back  to  ferric,  so  that,  theoretically,  the 
action  of  the  cell  is  continuous  so  long  as  any 
carbon  is  left.  The  ferric-chloride  solution 
in  this  case  acts  as  a  carrier  of  oxygen  from 
the  air  to  the  carbon  ;  and,  although  the  cell 
is  yet  in  its  experimental  stage,  the  princi- 
ple on  which  it  works  looks  promising,  and 
may  lead  to  a  cell  of  practical  utility. 

The  problem  of  generating  electricity  by 
the  direct  oxidation  of  carbon  is  a  difiScult 
one,  but  its  solution  would  mean  such  an 
immense  saving  that  anything  which  may 
tend  towards  its  accomplishment  is  worthy 
of  consideration.  On  the  other  hand,  it  may 
be  found  that  any  such  process  may  not  be 
any  more  efficient  than  the  ordinary  process 
of  converting  the  energy  stored  in  coal  into 
mechanical  energy  by  means  of  the  steam 
engine  and  boiler. 
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Note.— ^ddreM  atf  letten  containing  quettwiu  to  be 
tttmoered  in  this  department  to  The  Mbchanic  Abts 
Hagazinb,  Scranton,  Pa. 

I.  Put  Um  address  both  on  the  envdope  and  at  the 
head  i^  the  letter. 

t.  Only  questions  of  general  interest  to  our  readers 
wSU  he  answered. 

5.    No  questions  wiUbe  answered  by  mail. 

4.  Dratoings  or  sketches  accom/panying  questions  shoiUd 
be  made  on  a  separate  sheet  of  paper,  and  should  be 
drawn  as  clearly  as  possible. 

5.  The  names  and  full  addresses  of  the  writers  must 
accompany  the  letters,  or  no  attention  will  be  paid  to  them. 
Unless  otherunse  requested,  ufevrHlpul^ish  only  the  initials 
and  address  qf  the  writer. 

6.  Rtference  to  inquiries  previously  answered  should 
give  date  qf  issue  and  number  qf  question. 

7.  Any  book  not  out  qf  print  and  for  sale  by  regular 
dealers  may  be  ordered  through  the  Magazine. 


(190)  Why  does  an  ordinary  saction  pomp  take 
more  air  in  with  the  water  at  night  than  during  the 
day,  thus  causing  more  or  less  violent  pounding  in 
the  water  cylinders?  The  conditions  in  r^ard  to  the 
above  are  as  follows :  We  have  a  16^  X  22"  X 12^  X 12^ 
Snow  pump,  compound  and  center-packed.  We  are 
lifting  water  at  present  22  feet,  and  the  elevation  to 
which  it  has  to  be  raised  is  300  feet.  We  get  the  water 
ftom  a  series  of  44  driven  wells  (size,  2-inch  points), 
and  they  are  all  connected  on  the  surface  into  a 
12-inch  main  suction  pipe :  the  length  of  the  suction 
pipe  from  the  extreme  end  to  the  pump  is  about 
1.400  feet,  and  the  wells  are  spaced  30  feet  apart.  In 
the  daytime  we  are  running  at  about  88  revolutions 
per  mioute,  but  at  night  we  cannot  make  more  than 
35  with  smooth  running,  and  the  colder  the  nieht  the 
worse  the  pump  thumps.  The  pump  is  out  or  doors, 
with  no  shelter  whatever.  The  suction  line  seems 
to  be  perfectly  tight,  and  the  vacuum  gauge  shows 
about  the  same  day  and  night.  We  hope  that  you 
can  throw  some  light  upon  this  subject. 

J.  M.  A..  San  Diego  Co.,  Cal. 

Ans.— We  cannot  think  of  any  reason  why  the  pump 
should  take  more  air  at  night  than  during  the  day, 
and  we  are  inclined  to  lay  the  trouble  to  some  other 
cause.  It  is  often  very  difficult  to  account  for  troubles 
of  this  kind,  even  when  a  careful  personal  examina- 
tion of  all  the  conditions  can  be  made,  and  we  can 
only  offer  some  general  hints  that  may  put  you  on 
the  right  track  and  enable  you  to  discover  and  cor- 
rect the  Dault.  Our  attention  was  once  called  to 
a  case  in  which  a  pump  fitted  with  hard-rubber 
valves  gave  trouble  through  a  failure  to  hold  water 
in  the  suction  pipe  when  stopped,  thus  necessitating 
priming  before  it  could  be  made  to  take  water  when 
started  again.  A  careftil  examination  showed  that 
the  valves  were  slightly  warped  and  did  not  seat 
properly.  They  were  replaced  by  soft  valves,  and 
there  was  no  further  trouble.  In  your  case,  it  may 
be  that,  if  hard  valves  are  used,  the  water  is  enough 
warmer  during  the  day  to  soften  them  slightly  and 
make  them  seat  better.  It  is  probable  that  an  air 
chamber  on  the  suction  pipe— a  vacuum  chamber,  as  it 
is  sometimes  called— would  improve  the  action  of 
the  pomp,  and  make  it  possible  to  run  at  a  consid- 
erably higher  speed  without  water  hammer.  The 
capacity  of  the  chamber  may  be  twice  the  displace- 
ment of  the  pump  plunger  for  a  single  stroke.  It  is 
possible  that  the  difference  in  temperature  between 
day  and   night  affects  the  air  supply  in   the  air 


chamber  on  your  discharge  pipe  to  such  an  extent  as 
to  cause  the  trouble  you  describe.  Cold  water 
absorbs  more  air  than  warm ;  the  air  would  therefore 
be  more  quickly  exhausted  from  the  chamber  during 
the  night ;  also,  the  colder  air  would  contract  con- 
siderably in  volume,  and  so  fUrther  reduce  the 
efficiency  of  the  air  chamber.  A  gauge  glass  on  the 
air  chamber  is  very  useful  in  enabling  the  engineer 
to  watch  the  air  supply. 

* 

*  * 

(191)  What  are  the  ingredients  used  in  themanu- 
fietcture  of  powdered,  paper,  and  liquid  bluing? 

J.  S.  U.,  Boston,  Mass. 
Ams.— We  do  not  understand  the  term  "paper 
bluing."  Powdered  and  liquid  bluing  are  made 
from  various  colors,  such  as  aniline  blue,  indigo 
sulphate,  Prussian  blue,  Berlin  blue,  etc.  A  good 
recipe  for  a  disinfecting  laundry  blue  (solid)  is 
here  given :  Mix  together  16  parts  of  Prussian  blue, 
2  parts  of  carbolic  acid,  1  part  of  borax,  and  1  part  of 
gum  arable  into  a  stiff  dough.  Roll  it  into  small 
balls  and  coat  them  with  gelatine  or  gum  to  prevent 
the  carbolic  acid  from  escaping.  For  a  liquid  blue 
the  following  is  reconmiended :  Dissolve  in  15 
parts  of  water  l|  parts  of  indigo-carmine ;  add  j  part 
of  gum  arable.  In  the  manufacture  of  blue  paper 
ultramarine  blue  is  generally  used. 

* 

*  * 

(192)  (a)  I  wish  to  know  how  to  find  the  size  of 
wire  and  the  number  of  turns  in  the  primary  and  the 
secondary  coils  of  a  transformer  for  a  given  number 
of  lights,  (b)  Suppose  the  primary  coil  of  a  trans- 
former had  1,000  turns  of  No.  16  magnet  wire,  and  I 
had  taken  off  100  turns,  how  could  I  find  the  number 
of  turns  of  a  larger  or  smaller  wire  than  No.  16  to 
replace  the  100  turns  I  had  taken  off,  the  transformer 
to  act  the  same,  that  is,  the  voltage  of  the  secondary 
and  the  capacity  in  amperes  to  remain  as  it  was  witn 
the  1.000  turns  of  No.  16  wire?  (c)  How  can  I  find 
the  total  voltage  drop  due  to  copper,  leakage,  hyster- 
esis, and  eddy  currents?  G.  V.,  New  York. 

AN8.— (a)  The  formula  determining  the  number  or 
primary  turns  is  as  follows : 

^p  X  108 

'  ""  4.44  X  Nx'eo' 
where  Tp  =  primary  turns ; 

line  voltage; 
=  maximum  magnetic 
flux  through  core. 
The  number  of  turns  in  the  secondary  will  bear  the 
same  ratio  to  the  number  of  primary  turns  as  the 
secondary  voltage   does  to  the  primary  voltage. 
(&)  You  cannot  change  the  number  of  primary  turns 
without  changing  the  number  of  secondary  turns  in 
the  same  proportion,  and  still  keep  the  same  ratio  of 
transformation,    (c)  You  can  determine  the  copper 
losses  by  measuring  the  resistances  of  the  primary  and 
the  secondary,  and  multiplying  these  values  by  the 
respective  current  squared.     That  is,  the  primary 
copper  loss  is 

Cf*  X  iJp, 
where        Cp  =  primary  ftill-load  current : 
Ep  =  primary  resistance  (hot). 
The  hysteresis  loss  varies  with  the  frequency  of  the 
current  and  the  density  of  magnetic  flux.    The  loss 
due  to  eddy  currents  being  small,  it  is  generally 
assumed  to  be  included  in  hysteresis  loss.    The  drop 
at  (till  load,  due  to  leakage,  can  be  determined  by 
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subtracting  the  drop  due  to  all  other  losses  from  the 
total  drop.  An  article  will  be  published  shortly  in 
The  Steam-Electric  Magazine  on  the  subject  of 
transformer  testing,  which  will  give  you  the  requisite 
information  for  carrying  on  such  tests  as  yon  desire. 

» 

( 193)  With  3  pounds  of  No.  86  single  cotton-covered 
magnet  wire  used  as  a  secondary  of  an  induction 
coil,  (a)  what  size  and  how  much  should  be  used 
for  primary?  (6)  how  large  a  condenser  will  be 
needed  ?  (c)  Bt  doubling  each  of  the  above  specifi- 
cations, should  the  spark  oe  twice  as  long? 

R.  F.  P.,  Somerville.  Mass. 
Ans. — (a)  The  primat^  should  be  made  of  two 
layers  of  No.  14  B.  &  S.  gauge  copper  wire.  Its 
length  will  depend  on  the  arrangement  of  the 
secondary,  but  the  number  of  primary  turns  should 
not  be  less  than  200.  (b)  The  inductance  of  the 
primary  will  depend  on  the  rate  at  which  the 
vibrator  works,  and  on  the  current  strength  in  the 
primary.  Consequently,  yon  will  have  to  make 
several  tests  in  order  to  determine  what  size  of 
condenser  is  required.  We  would  recommend  you 
to  try  one  with  tin-foil  sheets  about  4  in.  x  3  in.  in 
size.  Use  100  sheets.  By  using  an  interrupter,  such 
as  described  in  The  Steam-Ei.ectric  Magazine,  May, 
1899,  article  entitled  "A  New  Current  Interrupter," 
no  condenser  will  be  required,  (e)  To  double  the 
length  of  the  spark  would  not  necessarily  require 
doubling  all  of  your  spedfloations.  It  would 
still  be  necessary  to  determine  the  flux  density  in 
the  core,  and  then  decide  whether  this  could  be 
increased  without  sufTering  too  much  loss  from 
hysteresis.  You  can  double  the  capacity  of  your 
coil  by  employing  the  apparatus  described  in  the 
article  referred  to  above.  In  case  you  use  the  inter- 
rupter referred  to,  make  the  primary  of  four  layers 
of  No.  16  B.  &  S.  wire,  or.  if  you  have  room,  wind 
six  layers.  The  increased  self-induction  due  to  the 
greater  number  of  turns  on  the  primary  coil  will 
aid  the  operation  of  the  interrupter. 

(194)  What  is  a  choke  coil,  and  for  what  purpose  is 
it  used  ?    Where  can  I  purchase  one? 

J.  F.  0.,  Navarre,  Ohio. 
Ans.— A  choke  coil  is  a  coil  having  a  large  amount 
of  self-induction,  and  is  used,  in  general,  in  alterna- 
ting-current work,  to  cut  down  the  current  flowing 
in  the  circuit,  by  causing  the  electromotive  force  due 
to  self-induction  to  oppose  the  electromotive  force 
which  is  tending  to  drive  current  through  the 
circuit.  Such  coils  are  usually  constructed  by  wind- 
ing a  considerable  number  of  turns  of  insulated 
copper  wire  upon  an  iron  core.  The  core  is  frequently 
made  in  the  form  of  a  complete  ring,  so  that  the  mag- 
netic lines  of  force  are  given  a  complete  circuit 
through  the  iron.  You  could  probably  obtain  a  coll 
adapted  for  any  particular  purpose  from  the  Western 
Electric  Co.,  of  Chicago. 

* 
♦  ♦ 

(195)  Given,  standing  vertical  in  a  pond  of  water,  - 
a  pole  100  feet  high  from  the  surface  of  the  water  to 
the  top,  circular  in  section,  6  inches  in  diameter  at 
the  top,  tapered  straight  to  24  inches  in  diameter  at 
the  surface  of  the  water.  A  rope  1  inch  in  diameter 
is  attached  to  the  top  and  wound  close  and  tight 
from  top  to  bottom ;  at  the  bottom  it  is  tied  to  a 
duck's  leg ;  the  duck  swims  away,  keeping  the  rope 
taut  until  it  is  all  unwound,  (a)  When  all  the  rope 
is  unwound,  how  far  is  the  duck  from  the  bottom  of 
the  pole?    (6)  How  far  does  the  duck  travel ? 

U.  K..  Evansville,  Ind. 
Ans.— (a)  The  central  line  of  the  rope  will  lie  on 
the  surface  of  a  right  circular  cone.  Let  2  a  denote 
the  vertical  angle  of  this  cone ;  h,  its  altitude  meas- 
ured ftom  the  vertex  to  the  surface  of  the  water ;  p, 
the  thickness  of  the  rope ;  x,  the  vertical  distance 


fh>m  the  vertex  of  the  cone  to  the  point  where  the 
rope  at  any  instant  leaves  the  cone:  and  /.  the 
length  of  the  rope  that  has  been  unwound  at  this 
instant.    Then  /  is  given  by  the  formula  : 


/ 


2  ir  sin  a 


[ir/<fano        ,    ,   4ir2/i2taM2a   , 


p» 


1  »/^»     f  2  IT  ft  tan  a  ,      4  ira  A2  tan«  o  )  "I 

Hog.   |.„^^   -+^1^  ^_      .J 

p        r  ""  ^  ^^  •     , ,      4  IT*  jr5 
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(6)  The  formula  for  the  distance  traveled  by  the 
duck  would  necessarily  be  a  great  deal  more  compli- 
cated than  that  given  above  for  the  length  of  rope 
unwound,  and  could  not  possibly  be  of  any  use  to 
you  if  we  took  the  trouble  to  derive  It. 

(196)  How  should  I  go  about  it  to  make  a  layout 
for  a  galvanized-iron  conveyer.  6  inches  outside 
diameter,  2  inches  pitch,  tobe  solaered  upon  a  f-inch 
pipe  of  same  material  ?       W.  C.  W.,  Redlands,  Cal. 

Ans.— See  Home  Sti'dy  Magazine,  January,  1899, 
Answers  to  Inquiries,  No.  542. 

* 
«  * 

(197)  (a)  (Uve  the  elementarv  principles  of  trigo- 
nometry, (b)  (ilve  details  of  tne  worlong  parts  of 
the  blook-signal  s>'stem  in  use  on  railroads,  (c)  Give 
the  method  of  laying  out  a  tappet  cam,  such  as  used 
in  quartz  mills.  C.  B.  R.,  Angel's  Camp. 

Ans.— (a  and  6)  These  two  questions  are  too  general 
for  us  to  answer  in  these  columns,  (c)  The  cams 
are  laid  out  as  the  involute  of  a  circle  whose  radius 
is  the  distance  from  the  center  of  the  cam-shaft  to 
the  center  of  the  stamp  stem.  To  lay  off  this  curve, 
a  circular  disk  of  the  proper  diameter  is  cut ;  a  string 
is  then  fastened  by  one  end  at  any  point  of  the  cir- 
cumference and  the  other  end  is  carried  around  to  a 
point  diametrically  opposite,  the  string  being  drawn 
tight  along  the  edge  of  the  disk.  Then  place  the 
disk  on  the  paper  or  board  to  be  marked,  and 
unwind  the  string,  keeping  it  always  taut.  A  pencil 
at  the  Tree  end  of  the  string  vrill  trace  the  curve, 
which  is  the  curve  of  the  cam-fkce.  In  practice, 
this  curve  is  flattened  slightly  at  the  extreme  end. 

♦  ♦ 

(198)  I  wish  to  make  a  spark  coil  that  will  pro- 
duce a  spark  Just  large  enough  to  ignite  gasoline 
vapor.  I  want  to  know  what  kind  and  size  of  cell 
to  use,  the  size  of  core  for  the  coil,  and  the  size  and 
amount  of  wire  for  both  primary  and  secondary.  I 
want  to  use  the  circuit-breaker  in  the  primary. 

S.  G.  M.,  Penver,  C4>1. 

Ans.— Construct  a  core  of  a  bundle  of  iron  wires, 
making  it  5  inches  long  and  ^  inch  in  diameter. 
Insulate  it  with  two  or  three  layers  of  vulcanized 
paper.  The  primary  should  consist  of  two  layers  of 
No.  14  B.  &  S.  wire ;  it  should  have  an  inside  diam- 
eter sufll^ciently  large  to  slip  on  the  Insulated  core, 
and  should  cover  the  entire  length  of  the  core. 
Before  placing  it  on  the  core,  it  should  be  dipped  In 
melted  paraffin,  and  the  latter  allowed  to  harden. 
The  secondary  should  be  wound  in  two  sections  of 
the  same  length,  but  the  inside  diameter  of  one  of 
these  sections  should  be  i  inch  larger  than  that 
of  the  other.  The  two  should  superpose  each  other, 
and  should  be  placed  centrally  on  the  core.  The 
annular  space  between  them  should  be  filled  with 
melted  paraffin.  The  secondary,  like  the  primary, 
is  to  be  immersed  in  melted  paraffin  before  placing 
it  in  position  on  the  core.    Four  ounces  of  No.  36 
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B.  &  S.  wire  should  be  uaed  for  each  section  of  the 
secondary.  The  two  sections  should  be  connected 
in  series,  care  being  taken  to  connect  the  proper 
ends  together,  otherwise  the  induced  currents  in  the 
two  sections  will  oppose  each  other.  Use  a  Wehnelt 
interrupter  in  the  inimary  circuit.  The  spark  gap 
between  the  secondary  terminals  should  be  |  inch. 
For  the  construction  and  proper  operation  of  the 
Wehnelt  interrupter,  see  The  Stbam-Electbic  Maoa- 
ziNK,  May,  1899,  article  entitled,  "A  New  Current 
Interrupter." 

(199)  Give  the  name  and  price  of  a  good  book  on 
civil  engineering— one  treating  water  workp,  drain- 
age, sewerage,  the  construction  of  reservoirs,  dams 
and  foundauons,  etc.  X. 

An8.— The  latest  and  most  complete  book  on  civil 
engineering  is  Patton's  *'  Treatise  on  Civil  Engineer- 
ing" ($7.60).  Ranklne's  "Civil  Engineering"  is  a 
good  book,  but  in  many  respects  behind  the  times. 
Much  useful  information  is  found  in  Trautwine's 
"Civil  Engineer's  Pocket-Book"  ($5.00).  Any  of 
these  books  can  be  obtained  through  The  Technical 
Supply  Co.,  Scranton,  Pa. 

(200)  (a)  Can  you  tell  me  how  to  become  a 
member  of  the  National  Master  Plumbers'  Associa- 
tion, its  dues,  requirements,  who  is  eligible,  and  the 
advantages  of  being  a  member?  (6)  Where  can  I  get 
a  small  working  model,  in  wood,  of  an  eccentric  and 
slide  valve  for  a  steam  engine? 

H.  E.  M.,  Pasadena,  Cal. 
An8.— (a)  Write  to  Mr.  Andrew  H.  Brown,  Secre- 
tary, 627  Columbus  Avenue,  New  York  City,  N.  Y.; 
or  to  Mr.  John  L.  E.  Flrmln,  1244  Valencia  Street, 
San  Francisco,  Cal.,  who  is  one  of  the  executive 
committee.  Either  of  these  gentlemen  will  give  you 
all  necessary  particulars,  (b)  We  do  not  know  of 
any  one  that  makes  a  specialty  of  working  models  in 
wood.  Our  advice  is  that  you  order  what  you  want 
fh>m  a  model  or  pattern  maker. 

* 

(201)  Kindly  give  formula  for  oxidizing  brass 
plates  either  brown  or  black. 

G.  H.  R.,  Brooklyn,  N.  Y. 
Ans.— The  dead  black  on  optical  instruments  is 
produced  by  dipping  the  brass  parts  into  a  solution 
of  platinum  cMoride.  A  lustrous  black  is  obtained 
in  the  following  way :  Mix  equal  parts  of  copper- 
sulphate  and  sodium-carbonate  solutions  hot.  Filter 
and  wash  the  precipitate  on  the  filter.  Transfer  the 
precipitate  to  a  glass  beaker  and  dissolve  in  ammo- 
nia. Dilute  the  solution  with  water  and  add  a  little 
plumbago ;  then  heat  to  100°  F.  The  brass  article 
must  be  thoroughly  cleaned  and  left  in  this  bath 
until  black ;  wash  the  article  in  water  and  dry  in 
sawdust.  Prepare  only  as  much  solution  at  a  time 
as  you  expect  to  use. 

«  * 

(202)  Can  you  give  me  a  recipe  for  a  good  soap 
that  will  float  in  water,  and  be  in  every  way  .suit- 
able for  toilet  purposes?  A.  D.  S.,  Flint,  Mich. 

Ans.— We  submit  the  two  following  recipes  from  a 

reliable  source:     (1)   Good  oil  soap,   14    pounds; 

water,  3  pints.    Melt  together  by  the  aid  of  steam  or 

water   bath,    and    heat    the   mixture    thoroughly 

together  until  it  is  at  least  twice  its  initial  volume. 

For  14  pounds  of  soap  a  paja.  of  18  gallons  capacity 

should  be  used.    Frame  and  cool  it.    Do  not  dry  it 

in  a  warm  room  or  a  drying  oven,  or  it  will  shrink 

considerably  and  become  Assured.    Have  a  thickness 

of  tram  6  to  7  inches  in  the  frames.    Perfume  and 

color  as  desired ;  from  |  to  1  dram  of  vermilion  per 

pound  of  soap  will  do.    This  will  be  ready  for 

catting  up  in  a  week.    (2)  Olive  oil  or  almond  oil 

floap,  5  pounds ;  soft  water,  U  pints.    Expose  the 


ingredients  in  a  bright  copper  pan  to  a  steam  or 
water  heat,  and  thoroughly  heat  and  agitate  until 
it  has  doubled  its  volume.  Then  pour  into  fhimes, 
cool  quickly,  and  cut  up  when  hard.  Color  and 
perflime  it  as  desired.  This  soap  will  float  on  water 
and  will  also  lather  freely,  but  will  not  stand  much 
soaking,  as  it  quickly  softens. 

« 

(203)  What  is  a  fouling  chamber?  This  question 
was  asked  an  applicant  for  a  Master  Plumber's 
License,  by  the  Board  of  Examiners. 

F.  E.  R.,  Jamestown,  N.  Y. 

Ans.— A  fouling  chamber,  as  understood  by  plumb- 
ers, is  simply  a  chamber  which  becomes  foul.  For 
example,  in  the  pan  closet  illustrated  here,  the 
chamber  B,  or  trunk  as  it  is  called  in  the  trade,  is  a 


fouling  chamber  of  the  worst  kind.  In  any  plumbing 
Job,  a  fouling  chamber  is  any  chamber  that  gets  foul 
because  it  cannot  be  cleaned. 

*  * 

(204)  (a)  What  is  a  horsepower?  (6)  In  steam 
engines,  about  how  much  coal  is  consumed  per 
horsepower  per  hour?  (c)  How  can  I  figure  the 
horsepower  of  a  leather  belt  that  drives  a  machine 
by  means  of  a  pullev?  (d)  Do  you  know  of  a  book 
on  mill  superintending  and  where  I  can  get  it? 

J.  W.  G.,  Philadelphia,  Pa. 

Ans.- (a)  A  horsepower  is  a  unit  by  which  the 
rate  of  doing  work  is  measured.  It  is  equivalent  to 
the  lifting  of  a  1-pound  weight  to  a  height  of  33,000 
feet  in  1  minute,  or  a  33,000-pound  weight  1  foot  high 
in  1  minute.  (&)  The  amount  of  coal  consumed  per 
horsepower  per  hour  by  a  steam  engine  depends 
(1)  on  the  quality  of  the  coal;  (2)  on  the  economy 
with  which  the  coal  is  burned  and  how  the  heat  which 
it  develops  is  utilized  by  the  boiler ;  (3)  on  the  size 
and  type  of  the  engine.  Some  of  the  best  compound 
and  triple-expansion  condensing  engines,  with  the 
best  of  boilers  and  good  coal,  have  developed  a 
horsepower  per  hour  with  1^  pounds  of  coal.  Few 
engines,  however,  use  less  than  3  pounds  of  coal  per 
horsepower  per  hour,  and  many  use  much  more, 
(c)  A  safe  rule  for  finding  the  horsepower  that  may 
be  transmitted  by  a  single-leather  belt  is  the  follow- 
ing :  Multiply  the  width  of  the  belt  in  inches  by  its 
speed  in  feet  per  minute,  and  divide  the  product  by 
800 ;  the  result  will  be  the  horsepower  that  the  belt 
will  safely  transmit.  For  a  double-leather  belt,  mul- 
tiply the  result  given  by  the  rule  by  IJ.  (d)  Without 
knowing  the  particular  kind  of  mill  in  which  you 
are  interested,  it  is  difllcult  to  recommend  a  book 
for  your  purpose.  Some  of  the  best  collections  of 
data,  rules,  and  tables  pertaining  to  the  general 
principles  of  engineering  and  mechanics  for  the  use 
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of  milhnen  of  all  kinds  are  the  following:  "The 
Mechanical  Engineer's  Pocket-Book,"  by  William 
Kent,  price,  S5.00 ;  "  A  Manual  of  Rules,  Tables,  and 
Data  for  Mechanical  Engineers,"  by  D.  K.  Clark, 
price  $5.00.  These  books  may  be  obtained  from  The 
Technical  Supply  Co..  Scranton,  Pa. 

* 

(205)  We  have  a  groaning  engine.  The  groan 
comes  as  the  piston  nears  the  h^d-end,  lust  as  the 
dashpot  at  the  crank-end  drops.  The  engine  is  run- 
ning ahead ;  oil  does  no  good  ;  keeping  steam  well 
down,  or  so  as  to  Just  keep  the  engine  at  speed,  stops 
the  groan.  The  cylinder  is  in  good  condition ;  engine 
has  been  running  for  about  2^  years :  has  always 
groaned,  but  has  been  worse  during  the  last  few 
months;  the  cylinder  is  18  in.  X  48  in.  What,  in 
your  opinion,  is  the  cause  of  the  groan?  Can  you 
suggest  a  remedy  ?  A.  J.  M.,  Selma,  Ala. 

AN8.~The  location  of  knocks,  creaks,  and  groans 
in  an  engine  is  often  one  of  the  most  exasperating!  y 
difficult  features  of  an  engineer's  work.  The  groan 
of  which  you  speak  may  be  located  in  almost  any 
Joint  in  the  engine.  We  can  only  suggest  that  you 
careftilly  examine  every  Joint,  beginning  at  the  one 
nearest  to  the  apparent  source  of  the  noise,  and  see 
that  all  the  working  surfaces  are  smooth  and  well 
oiled  and  that  all  parts  are  so  fitted  and  adjusted  as 
to  work  freely  and  smoothly. 

(206)  Explain  why  high-tension  electric  current 
transformed  down  to  110  volts  is  more  economical 
than  direct  current  at  the  same  voltage. 

W.  E.,  Wilmington,  Del. 
Ans.— The  greater  economy  attending  the  use  of 
alternating  currents  lies  in  their  transmission  at 
high  voltages,  thereby  lessening  the  strength  of  cur- 
rent required  to  transmit  a  given  amount  of  power. 
For  a  constant  amount  of  power  the  loss  varies 
inversely  as  the  square  of  the  voltage  employed, 
neglecting  losses  due  to  leakage. 

* 
*  « 

(207)  (a)  I  would  like  to  know  how  to  construct  a 
dry  battery  that  can  be  charged  in  series  with  a 
16-candlepower  110-volt  lamp.  (6)  I  have  a  U.  S., 
6-light,  series,  arc  dvnamo,  giving  a  constant  current 
of  6.8  amperes,  ana  having  a  voltage  of  800  across 
the  brushes.  Can  it  be  run  as  an  incandescent 
machine?    If  so,  how?  J.  B.  S.,  Chester,  Pa. 

Aks.— (a)  The  only  satisfactory  form  of  cell  for 
recharging  is  the  storage  cell.  These  are  not  con- 
structed in  a  dry  form,  (b)  Connect  the  field  in 
shunt  with  the  armature  through  an  adjustable 
resistance  capable  of  carrying  6.8  amperes.  Allow 
a  current  of  this  strength  to  flow.  Rotate  the  arma- 
ture at  one-third  the  speed  it  ran  as  an  arc  generator. 

(208)  How  can  I  make  an  electrical  soldering 
iron,  and  what  length  and  size  of  resistance  wire 
will  be  required  to  neat  the  iron  on  a  52- volt  and  a 
110-volt  circuit?  H.  W.,  Haverhill,  Mass. 

Ans.— Procure  a  copper  tube,  and,  having  insulated 
it  with  asbestos,  wind  80  feet  of  No.  24  German  silver 
wire  on  it.  Insulate  each  layer  of  wire  with  a  layer 
of  asbestos.  Wind  the  wire  tightly,  and  in  doing  so 
keep  adjacent  convolutions  separated.  Do  not  let 
the  winding  approach  closer  than  1  Inch  to  one  end, 
and  after  having  wound  the  coil  slip  over  it  a  cast- 
copper  "iron."  The  copper  tube  can  be  threaded 
into  the  nose  of  the  "iron."  The  handle  end  of  the 
iron  can  be  closed  by  means  of  a  copper  washer 
threaded  on  the  tube.  The  terminals  can  be  brought 
out  through  the  tube  and  wooden  handle.  This  will 
make  a  soldering  iron  of  approximately  the  same 
shape  and  size  as  one  of  ordinary  construction.  The 
mechanical  proportions  and  design  we  will  leave  to 
your  ingenuity.    For  a  52- volt  circuit,  use  one-half 
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the  quantity  of  wire.  If  used  on  an  alternating- 
current  circuit,  the  coil  should  be  wound  non- 
inductively. 

♦  * 

(209)  I  have  a  series  magneto-generator  whof« 
bell  colls  are  250  ohms  each.  I  wish  to  work  it  on  a 
series  circuit  with  five  80-ohm  magnetos,  but  its 
resistance  is  so  great  as  to  interfere  with  the  work- 
ing of  the  system ;  what  is  the  best  way  to  remedy 
the  trouble?  J.  H.  E.,  Portsmouth,  Va. 

Ams.— Connect  the  two  bell  coils  in  parallel,  taking 
care  that  they  are  properly  connected,  i.  e.,  so  that 
the  currents  in  the  two  circulate  around  the  core  in 
opposite  directions.  If  this  change  does  not  produce 
the  required  result,  rewind  the  bell  coils  with  wire 
of  the  same  size  as  is  on  the  other  magnets,  so  that 
each  shall  have  a  resistance  of  40  ohms.  If  the  sys- 
tem still  fails  to  work,  it  will  indicate  that  the 
generator  supplying  the  current  to  the  system  is  not 
sufficiently  powerful  for  the  new  condition,  and  a 
more  powerftil  generator  will  have  to  be  sabetituted. 

»  * 

(210)  (a)  Show  how  to  cut  a  key  way  in  a  cast-iron 
nlley,  the  bore  of  which  is  1  inch  in  diameter  and  3 

.nches  through:  it  must  be  done  by  hand.  (5) 
Publish  table  of  standard  square  threads  per  inch 
from  I  inch  to  4  inches  in  diameter,  (c)  Where  can 
I  get  a  complete  set  of  castings  with  working  draw- 
ings for  a  1-  or  2-hor8epower  steam  or  gasoline 
engine?  A.  W.,  Austin,  Texas. 

Ans.— (a)  We  would  not  do  it  by  hand— not  if  there 
was  a  slotter  convenient.  It  is  an  easy  matter  to 
put  these  key  ways  in  the  male  piece  (first-year 
apprentice's  work),  but  the  female  piece,  however 
short,  is  always  slotted.  However,  to  do  the  preeoii 
Job  by  hand,  use  a  crosscut  chisel,  as  ordinarily, 
and  cut  through  half  way  fh>m  each  end.  The 
length  being  so  great  compared  with  the  bore,  yon 
will  have  to  grind  your  chisel  rather  differently- 
more  like  a  side  chisel :  it  depends  on  the  width  of 
chisel,  1]  inches  ttom  the  end.  You  will  find  it  neces- 
sary to  finish  off  with  a  square  file— something  you 
would  not  think  of  doing  in  a  male  piece,  assuming 
you  could  handle  your  chisel  well.  You  have  more 
command  over  your  chisel  in  latter  case ;  can  get 
down  to  your  work  better.  In  marking  oflT  the  bole, 
if  you  have  not  a  box  square  small  enough,  nuu-k  the 
width  of  key  way  off  on  the  two  faces  of  hub,  and  join 
up  inside  with  a  small  straightedge— your  4-inch  rule 
will  do.  If  you  have  many  of  these  keyways  to  cut. 
it  will  pay  you  to  put  the  Job  out,  if  you  have  not  a 
slotter  of  your  own.  (b)  There  are  no  fixed  standards 
for  square  threads  as  for  the  V  thread,  because  square 
threads  are  mostly  u»ed  for  screws  for  transmision 
of  motion  and  power,  and  their  proportions  depend 
on  a  multitude  of  considerations.  Usually,  however, 
the  pitch  of  square  threads  is  taken  as  being  double 
that  of  the  standard  V  thread,  (c)  Write  to  Palmer 
Bros.,  Box  H,  Mianus,  Conn. 

*  ♦ 

(211)  I  want  to  make  a  10-inch.  4-bladed  screw 

Sropeller.  Kindly  tell  me  what  pitch  to  make  the 
laaes  at  the  outside  and  also  wnat  shape  to  make 
them  so  as  to  get  the  most  power.  Give  the  name 
of  any  good  book  that  will  give  me  up-to-date  ideas 
about  screw  propellers.         A.  J.  H.,  Peterboro,  P*u 

Ans.— The  pitch  depending  on  the  speed  of  the 
vessel,  the  slip  of  the  propeller,  and  the  number  of 
revolutions  per  minute,  we  cannot  tell  you  what 
pitch  to  use,  as  you  omitted  the  data  necessary  for 
its  calculation.  If  you  wish  to  study  the  propulsion 
and  powering  of  vessels,  with  special  reference  to 
Ecrew  propulsion,  we  can  recommend  "The  Resist- 
ance and  Propulsion  of  Ships,"  by  William  F. 
Durand;  price' 85.00.  This  book  may  be  obtained 
from  The  Technical  Supply  Co.,  Scranton,  Pa. 
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(212)  (a)  We  have  a  double  18"  X  24"  geared 
hoistinf  engine  which  hoists  5  can  a  trip  ont  of 
an  18P  slope,  1,200  feet  long,  in  1  minute  50  seconds. 
Each  car  weighs  1,500  pounds,  and  holds  3  tons.  We 
use  a  wire  rope  1|  inches  in  diameter.  The  driving 
gear  on  the  engine  has  132  teeth ;  diameter  of  drum 
is  O'  4"  ;  steam  pressure,  90  pounds  gauge.  We  desire 
to  Increase  the  number  of  cars  ttom  5  to  7  per  trip : 
but  the  above  engine  will  not  haul  them  with  90 
pounds  of  steam.  Kindly  say  what  size  cylinders 
will  be  necessary  to  do  the  work :  also,  show  how 
the  resistance  of  the  7  cars  on  the  ISP  slope  is  figured, 

?:iving  car  friction  and  engine  Motion  you  allow, 
b)  Give  rule  for  figuring  frictional  loss  in  a  water 
column.  N.  H.,  Frontier,  Wyoming. 

Ans.— (a) 

2.5  X  1,200 
=  7  X  1,600 
=  7  X  3  X  2,000 


Weight  of  rope 
Weight  of  cars 
Weight  of  coal 


Total  load 
Tension  in  rope  =  55,500  sin   18°  -f 


8.000  lb. 
10,500  lb. 
42.000  lb. 

56^600  lb. 
66.500  cos  ISO 
40 

«  18,470.2  lb.  (^  being  the  coefficient  of  friction). 
Assuming  a  single  track  in  slope,   the    power 

18  470  2 

required  to  hoist  entire  load  =  ~^^nnn  =  866.36 

horsepower. 
Number  of  revolutions  of  drum  per  minute  is 

1.200    

9JX  14X3.1416* 
Not  having  number  of  teeth  on  the  gear-wheel  on 
the  drum  shaft,  assume  ratio  of  reduction  to  be  4 : 1. 
Therefore,  number  of  strokes  of  engine  is 

2  X  4  X  1.200     ^  2X4X1,200X3X6 

9§  X  1|  X  3.1416  28  X 11  X  3.1416     * 

Allowing  a  loss  of  10  per  cent  in  the  engine,  and 

6  per  cent,  in  the  gears,  the  mean  effective  pressure, 

which  should  be  determined  from  an  indicator  card, 

isiX90  =  601b. 

3^-35  ^  .90  X  .94  X  60X  24  X  3.1416 X  iP X  1,200  X  8  X  6 

12  X  33,000  X  28  X  3.1416  X  11 

in  which  R  =  radius  of  cylinder  in  inches. 


R 


(6) 
in  which 


JJ- 


,366.36  X  847        ,^  „ 

\-2,9^777-  =  ^^•«- 
Therefore,  diameter  of  cylinder  is 

10.3  X  2  =  20.6,  or,  say,  21  inches. 

1,0001)^' 
=  total  pressure  head  in  feet  required 
to  overcome  the  frictional  resistance 
to  flow  of  water  through  a  cast-iron 
pipe; 
L  =  length  of  pipe  in  feet ; 
D  =  diameter  of  pipe  In  feet ; 
Q  »  discharge  per  second  in  cubic  feet. 

* 

*  « 

(213)  (a)  How  much  electric  power  is  reauired  to 
decompose  1  cubic  foot  of  water?  (&)  Give  the  name 
and  price  of  a  good  book  treating  of  the  electro- 
decomposition  of  water.        W.  R.  K..  Bliss,  Idaho. 

AN8.— (a)  354  kilowatt-hours.  (6)  "Electrodeposi- 
tion  of  Metals,"  by  Langbein,  can  be  purchased  from 
The  Technical  Supply  Co.,  Scranton,  Pa.;  price,  $4.00. 

♦ 

*  * 

(214)  (a)  Does  water  begin  to  drop  scale  as  soon 
as  it  enters  a  boiler?  (b)  How  would  you  go  about 
it  to  line  up  an  engine  In  a  side-wheel  boat ;  also,  in 
a  stem-wheel  boat  7        C.  H.  G.,  Morgan  City,  Fla. 

ANS.— (a)  The  carbonate  of  lime  becomes  insoluble 
as  soon  as  the  water  is  heated  to  212^,  while  the 
salphate  of  lime  becomes  insoluble  at  210°.  When 
these  substances  have  become  insoluble,  they  pre- 
cipitate. (b).A  complete  answer  to  this  inquiry 
would  take  more  space  than  can  be  spared  here. 
We  would  recommend  you  to  get  a  copy  of  Home 
Study  Magazink,  February,  1897.    This  publication 


is  now  The  Mechanic  Arts  Magazine.  In  it  you 
will  find  an  article  entitled  "Lining  an  Engine." 
While  the  illustrations  show  a  stationary  engine, 
you  will  find  the  principles  Involved  in  the  lining  up 
of  any  engine  to  be  so  fully  explained  that  you  will 
be  able  to  reason  out  for  yourself  how  to  go  to  work 
to  line  up  an  engine  of  any  t3rpe  or  make. 

* 

(216)  (a)  I  have  a  corner  of  tract  of  land  and  plat 
of  same,  dated  January  1st.  1860,  all  other  line  marks 
being  destroyed ;  the  reading  on  plat  is  N-46°E. 
What  will  compass  read  on  this  line  on  July  7th. 
1899?  (b)  What  is  the  simplest  formula  to  get  the 
declination  of  the  needle?    J.  T.  B.,  Camden,  8.  C. 

Ans.— (a)  The  best  thing  to  do  is  to  obtain,  if  pos- 
sible. fW>m  old  records,  the  obaerved  declination  of 
the  needle  either  at  Camden  or  at  some  other  place 
near  by,  at  the  time  the  survey  was  made.  The 
difiTerence  between  that  declination  and  the  present 
declination  will  give  the  difference  between  the  old 
and  the  present  magnetic  bearing.  If  this  is  not 
possible,  get  the  recorded  observed  declination  in 
two  different  years,  say  1890  and  1896 ;  divide  the  dif- 
ference between  the  years  by  the  difference  between 
the  declinations,  and  multiply  the  result  by  the  num- 
ber of  years  elapised  since  the  survey  was  made.  The 
product  will  give  the  correction  to  be  applied  to  the 
old  bearing  in  order  to  obtain  the  presen  t  one.  Thus, 
the  declinations  at  Knott  Island  (which  is  only  a  few 
miles  east  of  Camden)  in  1887  and  1890  were  8.55°  and 
3.70°,  respectively,  both  west.  The  needle  was  there- 

15 
fore  moving  westward  at  the  rate  of  *  -  =  .06°  =  3' 

per  year.  Assuming  the  same  rate  between  the  years 
1860  and  1899,  the  needle,  in  the  latter  year,  will 
point  1°  67'  towards  the  west  of  its  position  in  the 
former  year.  The  bearing  of  your  line  will,  there- 
«  .v.«  «.««,,»•  fore,beN  (4fl°-H°67')E  = 
X2X4X 2  ^ 2^.T7_^   n  47° 67'  E, or,  say.N  48°  E. 

^'^  This  is  only  a  roughly 
approximate  way  of  determining  the  present  bear- 
ing. It  is,  however,  of  great  value  as  a  guide  in 
retracing  the  line,  as  it  tells  the  surveyor  about 
where  to  look  for  old  corners,  (b)  There  is  no  sim- 
ple formula  for  magnetic  declination.  Some  com- 
plicated formulas  have  been  published  by  Mr.  C.  A. 
Schott  in  the  Report  of  the  U.  8.  Coast  and  Geodetic 
Survey  for  1888.  Both  in  this  report  and  in  the  one 
for  1889,  he  gives  much  valuable  data.  The  declina- 
tion of  the  needle  and  the  probable  law  of  its  varia- 
tion are  given  for  several  localities  of  each  state. 

♦ 
♦  ♦ 

(216)  (a)  Please  give  ftiU  directions  how  to  pre- 
pare one  pint  of  nickelplating  solution,  and  also 
explain  how  to  connect  the  wire«.  (b)  Explain  how 
I  can  make  a  small  galvanometer. 

E.  I.,  Georgeville,  Steams  Co.,  Minn. 

Ans.— (a)  Dissolve  1^  ounces  of  the  double  sulphate 
of  nickel  and  ammonia,  commonly  known  as  "nickel 
salts,"  In  1  pint  of  hot  water.  Strain  when  cool. 
The  positive  pole  of  the  source  of  current  supply 
should  be  connected  to  a  plate  of  pure  nickel  sus- 
pended in  the  solution,  known  technically  as  the 
anode.  The  object  to  be  plated  is  to  be  connected  to 
the  negative  pole,  and  is  known  as  the  cathode.  In 
series  with  the  circuit  a  resistance  box  should  be 
connected,  that  the  current  strength,  and,  therefore, 
the  rate  of  deposition,  may  be  governed,  (b)  A  simple 
instrument  for  measuring  the  strength  of  a  current 
may  be  made  of  an  ordinary  pocket  compass  and  a 
piece  of  copper  wire.  Any  bar  magnet  may  be  used 
if  suspended  similarly  to  a  compass  needle.  Wind 
two  or  three  turns  of  wire  around  the  compass,  in  a 
plane  perpendicular  to  the  plane  of  suspension  of 
the  needle ;  that  is,  wind  the  coil  over  the  top  of  and 
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underoeath  the  oompafB.  Place  the  instmment  in 
sach  a  position  that  the  ooil  will  lie  in  the  mag- 
netic meridian,  that  is,  so  that  it  lies  in  line  with 
the  needle  when  pointing  north  and  south.  A 
current  passing  through  the  coil  will  deflect  the 
needle  ftrom  its  original  position,  and  the  amount 
of  deflection  is  a  measure  of  the  current  strength. 
Calibrate  it,  and  construct  a  scale  by  comparing  it 
with  a  standard  mlUiammeter.  A  greater  number 
of  turns  of  wire  increases  the  deflection  for  a  given 
current  A  good  galvanometer  can  be  purchased 
for  a  moderate  price  from  The  Technical  Supply 
Co.,  Scranton,  Pa. 

(217)  I  notice  that  Professor  Dewar,  who  has 
liquefied  hydrogen,  says  that  absolute  zero  is  —  iM^  F. 
This  does  not  agree  with  the  temperature,— 461°  F., 
given  as  the  absolute  zero  in  the  June  numt>er  oi 
THE  Mechanic  Arts  Magazine.  Which  of  these  is 
correct,  and  how  is  it  determined? 

W.  H.  G.,  Gaffhey,  S.  C. 
Ans.— The  apparent  large  discrepancy  is  due  to  the 
fact  that  Professor  Dewar  estimates  the  absolute 
zero  at  494°  below  freezing  (that  is,  below  320F.), 
while  the  461°  is  taken  below  QP  F.  Subtracting  32, 
Professor  Dewar's  value  is  462°  below  OP  F.,  which 
differs  from  the  other  value  by  only  1°.  The  values 
given  by  different  authorities  vary  from  —459°  to 
—  462°.  The  absolute  temperature  is  determined 
from  the  coefficient  of  expansion  of  gases.  A  given 
volume  of  air  at  the  freezing  temperature  of  water 
is  found  to  contract  about  ^is  of  its  volume  when 
cooled  1°  F. ;  hence,  we  reason  that  if  we  cool  it 
493°  F.  below  freezing,  the  gas  will  contract  until 
its  volume  is  nil ;  that  is,  according  to  the  kinetic 
theory  of  gases,  the  molecules  of  the  gas  will  at  this 
temperature  cease  to  have  motion.  This  point  is 
called  the  absolute  zero  of  temperature.  Since  it  is 
493°  below  32°  F.,  It  is  461°  below  0°  F. 

(218)  (a)  How  is  the  Thalen  magnetometer  used 
for  detecting  iron  ores?  What  is  meant  by  the  sine- 
and-tangent  method  in  using  it  ?  (b)  Did  not  Edison 
make  an  instrument  for  a  similar  purpose?  Where 
could  I  obtain  particulars  of  his  machine? 

H.  G..  New  Zealand. 

Ans. -(a)  The  question  is  too  comprehensive  for 
these  columns.  A  description  of  the  instrument  and 
the  manner  of  using  it  is  given  in  "  Splines  and 
Minerals,"  November,  1898.  You  can  procure  a 
copy  of  the  magazine  by  addressing  "Mines  and 
Minerals,"  Scranton,  Pa.  (6)  We  are  inclined  to 
think  that  Edison  did  make  such  an  instrument, 
but  we  know  of  no  published  description  of  it. 
You  might  obtain  information  by  ieiddressing  T.  A. 
Edison,  E.  Orange,  N.  J. 

* 

(219)  Of  what  commercial  use  is  barytes (barium 
sulphate)  except  as  a  paint  and  as  a  glazing  for 
paper?    is  it  much  usea  in  the  above  ways? 

X.  Y.  Z. 

Ans.— Barium  sulphate  is  used  for  the  above- 
named  purposes  only,  so  far  as  we  know.  No  statis- 
tics exist  to  show  the  extent  to  which  it  is  used. 

* 

(220)  (a)  I  have  a  1-man-power  electric  motor. 
Can  I  utilize  it  for  incandescent  lighting?  Is  it  pos- 
sible, running  this  machine  during  the  day,  to  store 
up  the  electricity  in  a  storage  battery  for  use  at  night  ? 
(6)  If  so,  how  many  candlepower  can  I  get  out  of 
it?  (c)  What  is  the  best  storage  battery  for  the  pur- 
pose, and  where  can  I  get  it? 

H.  M.  B.,  El  Rio,  Cal. 

Ans.— (a)  You  probably  mean  a  dynamo.  We  see 
no  reason  why  you  should  not  be  able  to  use  the 
dynamo  for  incandescent  lighting  or  for  charging 


a  storage  battery,  provided  it  is  properly  constructed 
for  such  work,  (b)  You  probably  wish  to  know  for 
how  long  a  time  a  certain  number  of  lamps  can  be 
lighted  trom  such  a  circuit.    According  to  Weisbach, 

1  man-power  is  equal  to  about  \  horsepower.  Sup- 
posing your  dynamo  is  a  110-volt  machine.  Its 
amperage  will  then  be  '|*  -£- 110,  or  2.26  amperes. 
Connecting  directly  to  the  dynamo,  you  could  light 
four  110-volt  incandescent  lamps.  If  the  ampere- 
hour  efficiency  of  the  storage  battery  is  assumed  to 
be  80  per  cent.,  it  would  have  a  capacity  of  .80  X  2.26 
XIO  =  18  ampere  hours.  The  storage  battery  would 
therefore  light  36  lamps  for  1  hour,  18  lamps  for 

2  hours,  or  9  lamps  for  4  hours,  (c)  There  are 
several  good  storage  batteries  in  the  market.  For 
more  particular  information  on  storage  batteries 
you  might  inquire  of  The  Electric  Storage  Battery 
Co.,  Philadelphia,  Pa.,  The  American  Battery  Co., 
Chicago,  111.,  or  The  Storage  Battery  Supply  C^., 
New  York  City. 

* 

(221)  Is  there  a  formula  that  gives  the  standard 
diameters  of  steam-pipe  screw-thread  tape?  Where 
is  the  diameter  measured— at  the  small  end,  large 
end,  or  middle?  Give  table  of  the  standard  diam- 
eters for  txQim  1-inch  to  12-inchpipe8. 

W.  H.,  ducinnati,  Ohio. 

Ans.— The  diameter  is  measured  at  the  small  end, 
and  may  be  calculated  ttom  the  formulas : 

d^=  D  —  (.05I>  +  1.9  X  M; 

iSt  =  1.6^ +d». 

in  which  d^  =  diameter  of  bottom  of  thread  ; 

dt  =  diameter  of  top  of  thread ; 

D  =  actual  outside  diameter  of  pipe ; 

n  ~  number  of  threads  per  inch. 
The  following  are  the  values  obtained  by  the  above 
formulas  for  pipes  from  1  inch  to  12  inches  nominal 
diameter : 


di. . 
\  dt . , 


n 


1.144  1.488 


1.283 


1.627 


n 


2    !  2i  ;     3    I   3^ 


H 


1.727,2.200  2.62  3.241  3.738' 4.235  4.7321 

I        '  I 

1.866  2.339  2.82  3.441 13.938  4.435,4.932 

I     I    '     '     :     ' I 


6 


8 


9 


10 


11 


12 


dfc .  .  I  5.291    6.346 
df .  .  I  5.491  I  6.546 


7.84  8  3:M  8.39110.445  11.687|12.612i 
7.54  8.534  9.59110.615  11.88712.812 


«  » 

(222)  Explain,  with  the  help  of  illustrations,  the 
proper  method  of  laying  in  the  ends  of  strands  in 
splicing  steel-wire  cables.  Reader,  Mexico. 

ANS.— To  lay  in  the  ends  of  strauds  in  splicing  a 
wire  cable,  clamp  the  cable  in  a  vise  to  the  left  of  the 
ends  of  the  strands,  and  fasten  a  clamp  to  the  right 
of  the  ends  of  the  strands.  Turn  the  clamp  in  the 
opposite  direction  to  that  in  which  the  cable  is 
twisted,  until  the  cable  is  untwisted  enough  to  allow 
the  hemp  core  to  be  pulled  out  with  a  pair  of  nippers. 
Cut  out  about  a  foot  of  the  core,  6  inches  on  each 
side  of  the  intersection  of  the  strands  whose  ends  sre 
to  be  laid  in,  and  push  the  ends  of  the  strands  in 
its  place.  Then  allow  the  cable  to  twist  up  to  its 
natural  position,  and  remove  the  vise  and  clamp. 
The  strands  tucked  in  generally  bulge  out.  This 
bulging  can  be  reduced  by  lightly  tapping  the  bulged 
part  of  the  strands  with  a  wooden  mallet 
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(223)  (a)  What  is  the  advantage  of  placing  the 
draft  pipe  in  combustion  chamber  to  fUmith  hot  air 
below  the  grate?  (6)  Can  you  explain  why  in  the 
HoUey  pumping  engine  the  yalyes  in  the  water  end 
in  the  delivery  chamber  that  are  next  to  the  fly- 
wheel—that is,  on  the  inside— wear  out  two  or  three 
to  one  as  compared  with  the  outer  valves?  The 
engine  is  a  No.  6,  Pattern  A,  small  valve. 

J.  G.  S..  Seattle.  Wash. 

Ans.— (a)  The  advantages  claimed  for  the  placing 
of  draft  pipes  in  the  combustion  chamber  of  a  boiler 
furnace  are  that  the  air  in  its  passage  through  the 
pipe  becomes  heated,  and  thus  makes  the  fire  hotter 
and  increases  the  economy  with  which  the  fuel  is 
burned.  Such  an  arrangement  is  also  supposed  to 
reduce  the  production  of  black  smoke  by  making 
the  combustion  of  the  fUel  more  complete.  It  is  very 
doubtful  whether  the  real  gain  f>om  any  device  of 
this  kind  is  sufficient  to  pay  for  its  cost.  '  (6)  We  are 
unable  to  explain  the  difference  in  wear  of  the 
valves  of  which  you  complain. 

(224)  Kindly  publish  the  Greek  alphabet,  giving 
the  correct  pronunciation  of  each  letter. 

D.  C.  W.,  Johnstown,  Pa. 

Ans.— We  give  the  English  pronunciation  of  the 
letters: 


A 

a 

{at'pha) 

N 

V 

inu) 

B 

fi 

(bffta) 

B 

i 

(«) 

r 

y 

igam'ma) 

O 

o 

(omfifron) 

A 

6 

idd'ta) 

n 

V 

{pi) 

E 

€ 

iepH'Um) 

p 

p 

(ro) 

z 

i 

(ze'ta) 

2 

<r« 

isig'ma) 

H 

n 

{e'ta) 

T 

T 

(tow,  like  oir  In  cow) 

9 

0 

iUufta) 

Y 

V 

{yoopai'loH) 

I 

I 

(i(/ta) 

« 

* 

iphi) 

K 

JC 

{kaj/pa) 

X 

X 

m 

A 

A 

{laml/da) 

♦ 

^ 

ip9i) 

M 

M 

{mu) 

o 

w 

{(/mega) 

(225)  (a)  Give  list  of  the  leading  manuikcturers  of 
China  ware,  (b)  Give  the  names  of  those  Arms  who 
make  a  specialty  of  Jugs  and  pitchers,  (c)  Of  what 
wood  are  parallel  rulers  and  set  squares  made,  and 
how  are  they  prevented  Arom  warping? 

V.  D.  T.,  Ontario,  Canada. 

Ans.— (a  and  b)  A  list  of  the  leading  manufacturers 

of  china  ware  would  be  too  extensive  to  insert  in  this 

department,    (insult  the  advertising  pages  of  some 

magazine  devoted  to  the  decorative  arts,    (c)  Set 

squares  and  triangles  are  usually  made  of  pear  wood, 

cherry,  or  mahogany,  selected  ttom.  well-seasoned 

stock  that  is  not  likely  to  shrink  or  warp  after  it  is 

worked  to  the  required  form. 

* 
♦  » 

(226)  (o)  What  are  anchor  guygf  (b)  What  are 
guy  Uubif  (e)  What  are  anchor  logsf  The  above 
expressions  are  used  in  treatises  on  eleotric-pole 
line-construction.  C.  M.  M.,  Relsterstown,  Md. 

Ans.— (a)  Anchor  guys  are  stays,  suitably  secured 
to  a  post  or  anchor,  for  the  purpose  of  stesulying  an 
overhead  wire  system,  (b)  Chiy  stubs  are  stubs  or 
anchors  to  which  the  guys  are  secured,  (c)  Anchor 
logs  arc  logs  partly  buried  in  the  ground  and  serving 
as  anchors  for  telegraph  poles. 

* 

(227)  (a)  Kindly  tell  me  how  to  make  the  black 
oxide  of  copper  used  in  the  Edison-Lalande  battery 
for  igniting  the  charge  of  gasoline  in  engine. 
(b)  What  to  the  meaning  of  the  term  "roasting" 
when  used  in  connection  with  the  oxidizing  of 
metals?  J.  W.  S.,  Galena.  111. 

Anb.— (a)  The  cathode  of  the  Edison-Lalande  bat- 
tery oonstots  of  molten  plates  of  cupric  oxide  and 
magnesic  chloride  held  in  copper  frames.  Both 
cnpric  oxide  and  magnesic  chloride  can  be  procured 
at  little  cost  from  any  dealer  in  chemicals.    We  do 


not  know  the  proportion  in  which  these  two  com- 
pounds are  mixed,  nor  the  exact  manufacturing 
process  of  the  plates,  (b)  The  term  "roasting"  is 
not  employed  directly  in  connection  with  oxidizing 
metals,  but  to  used  in  connection  with  "  ores  " ;  it  then 
simply  means  the  burning  off  of  some  undesirable 
constituent  of  the  ore,  as,  for  instance,  lead  ore  to 
roasted  to  get  rid  of  the  sulphur  present  in  the  ore, 
whereby  the  oxygen  takes  the  former's  place. 

* 

(228)  (a)  Is  it  a  fact  that  cast  iron  containing  one- 
tenth  of  one  per  cent,  of  aluminum  will  not  shrink 
while  solidifying,  and  will  be  f^^e  ttom  blowholes? 
(b)  Is  the  presence  of  aluminum  in  cast  iron  any 
advantage  in  ordinary  machine  castings? 

A.  A.  W.,  Sandwich,  111. 

Ans.- (a)  It  to  claimed  that  the  shrinkage  of  iron 
to  dimintohed  by  the  addition  of  aluminum.  It  is 
also  claimed  that  it  prevents  the  presence  of  blow- 
holes, the  same  way  as  does  silicon  in  steel,  (b)  If 
aluminum  really  prevents  the  presence  of  blow- 
holes, then  its  presence  would  be  of  advantage,  as  it 
would  make  the  castings  more  solid ;  the  addition 
of  aluminum  would  not  incr^kse  the  durability  of 
the  castings. 

(229)  (a)  What  gauge  to  used  in  measuring  the 
t^ckness  of  sheet  metsls?  lb)  What  books  or  articles 
would  you  recommend  on  the  subjects  of  die  making 
and  the  working  of  sheet  metals? 

E.  J.  W..  Jackson,  Mich. 

Ans.— (a)  Since  July  1,  1893.  the  United  States 
standard  gauge  has  been  the  only  gauge  recog- 
nized by  the  U.  S.  (Government.  Thto  gauge  to  given 
in  Kent's  "Mechanical  Engineer's  Pocket  Book," 
page  31.  (b)  "The  Press-Working  of  Sheet  Metato," 
by  Oberlin  Smith,  to  a  good  book.  There  are  numer- 
ous articles  on  these  subjects  in  the  back  numbers  of 
"The  American  Machintot." 

* 

*  * 

(230)  What  is  the  cause  of  the  peculiar  humming 
sound  that  telephone  poles  emit?  I  have  been  given 
several  explanations,  out  thev  differ,  and  conditions 
are  never  similar.  C.  E.  w. ,  Jackson  ville,  Fla. 

Ans.- It  is  due  to  the  vibration  of  the  wires,  caused 

by  the  wind. 

»  * 

(231)  Is  street  lighting  a  practical  success  on  a 
2.060,104-volt,  125-cycle,  single-phase  system,  using 
the  lamps  connected  to  transformers  already  sup- 
plying current  to  incandescent  lamps  in  houses? 

L.  B.  P.,  Revelstoke,  B.  C. 
Ans.— Street  lighting  on  an  alternating-current 
line,  to  be  a  pronounced  success,  would  have  to  be 
done  on  a  series  system.  Either  of  these  can  be 
used :  alternating-current  lamps  connected  in  series 
to  a  "tub";  or  direct-current  lamps  operated  by  a 
direct-current  arc  generator  driven  by  an  alterna- 
ting-current motor.  Direct-current  lamps,  supplied 
with  rectified  alternating  current,  may  be  used.  The 
loss  in  transmission  would  be  comparatively  large  on 
the  plan  you  mention.  Still,  there  to  no  doubt  that 
you  can  make  the  proposed  system  a  paying  one. 

* 

*  * 

(232)  What  is  the  difference  between  "mean  low- 
water  level  in  the  Hudson  river  at  Albany"  and 
"mean  sea  level  at  Sandy  Hook?" 

F.  W.,  Scran  ton.  Pa. 

An8.— The  height  of  the  water  In  the  ocean  and 
in  tidal  rivers  above  any  point  near  the  shore  is 
measured  by  automatic  gauges,  usually  gradi'iated 
to  read  feet  and  tenths  of  a  foot.  Readings  are 
taken  every  hour  (except  when  the  weather  Is 
exceptionally  stormy)  for  several  months,  and  the 
mean  taken.  Then  a  shore  line  having  an  ele- 
vation, with  respect  to  the  point  of  reference,  equal 
to  this  mean,  to  a  "mean  tide  line"  for  the  place. 
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If  the  place  is  oo  the  seashore,  the  line  is  a  "  mean 
sea-level  line."  When  we  speak  of  elevations  above 
mean  sea  level,  we  mean  elevations  above  a  hori- 
zontal plane  intersecting  the  seashore  in  a  mean 
sea-level  line.  If  the  lowest  reading  of  the  gauge 
is  taken  every  day  for  some  months,  and  the  mean 
taken,  a  line  having  an  elevation  equal  to  this 
mean  is  a  "mean  low-tide  line."  If  this  line  is 
used  as  a  datum,  elevations  referred  to  it  are 
spoken  of  as  elevations  **  above  mean  low- water 
level,"  or  simply  elevations  "above  mean  low 
water."  Similarmeasurementsaretakeo. andsimilar 
expressions  used,  when  elevations  are  referred  to  the 
water  level  of  lakes  or  non-tidal  rivers. 

(233)  (a)  What  does  it  mean  "to  make  a  ditch 
bank  at  an  angle  of  36°"?  (6)  Can  you  refer  me  to 
some  good  boolcs  on  ditch  work?  (c)  How  can  I  find 
a  numoer  which.  If  divided  by  2, 3, 4, 5,  or  6,  will  have 
1  as  a  remainder,  but  which  will  contain  7  an  exact 
number  of  times  ?  F.  H.  T.,  Oak  Harbor.  Ohio. 

An8.— (a)  Expressions  like  this  are  not  technical 
expressions  having  a  definite  meaning.  We  speak  of 
a  slope  of  2  to  1,  of  14  to  1,  etc.,  meaning  2  horizontal 
to  1  vertical,  or  1)  horizontal  to  1  vertical,  etc.  But 
such  expressions  as  "  a  36°  bank "  must  be  ftirther 
qualified,  by  stating  the  direction  with  which  the 
bank  makes  an  angle  of  36°.  Usually,  however, 
slopes  are  referred  to  a  horizontal  plane,  and  in  this 
case  a  bank  at  36°  means  a  bank  making  an  angle  of 
36°  with  the  horizontal,  or  having  nearly  a  slope  of 
IJ  to  1.  (6)  We  do  not  know  of  any  special  book  on 
the  subject,  but  you  may  find  information  In  general 
works  on  civil  engineering,  drainage,  irrigation, 
railroading,  etc.  (c)  Let  N  be  the  number.  Since 
this  number  does  not  contain  any  of  the  factors  2,  3, 

4,  5,  or  6,  it  is  not  divisible  by  any  combination  of 
them,  nor  by  their  least  common  multiple,  which  is 
22  X  3  X  5.  We  may,  therefore,  write  N  =  2^  x  3  x  5 
X  j;  -r  -R,  where  x  is  an  integer  and  R  a  remainder 
less  than  2*  x  3  x  5.  In  order  that  the  remainders 
obtained  by  dividing  (2-'X3x5X j;M-/2)  by  2,3,4, 

5,  or  6  (=  2  X  3)  may  all  l)e  equal  to  1,  we  must  have 

R  —  I.    Further,  as  iST  is  divisible  by  7,  we  must  have 

N=7y,  where  7  is  an  integer.  Equating  the  two  values 

of  iV,  and  putting  R  =>  1/  we  get  60  x  + 1  =  7  y,  whence 

60  J  + 1 
y  =^  — ,- —  .    As  both  x  and  y  must  be  integers,  we 

substitute  successively  the  values  x  =  1,  2,  3.  etc., 

until  we  find  an  integral  value  for  y.    The  value  x  = 

e-i  60X5-1-1       301        ^oTii        ,       ^ 

5   gives  y  =       -^         =—-  =  48.    Having  found 

these  two  values  for  x  and  y,  the  following  pairs  will 
also  satisfy  the  conditions :  x  —  5-|-7^j/  —  43-f-60i, 
where  Ms  an y  positive  integer.  Thus,  making  1  =  0,1, 
2.  3,  etc.,  we  get  j/  =  43,  103,  163,  223,  etc.,  and  N  =  301, 
721, 1.141, 1,561,  etc.  Any  of  the  numbers  thus  obtained 
will  answer  the  question,  which  has,  therefore,  an 
infinite  number  of  solutions.  The  least  possible  value 
of  N  is  301. 

*  * 

(234)  What  is  your  opinion  as  to  the  thermody- 
namic efficiency  of  an  engine  using  alternately  a 
charge  of  gasoline  and  a  charge  of  compressed  air 
in  the  same  cylinder?  Would  the  cooline  action  of 
the  expanding  air  help  to  counteract  tne  heating 
efftect  of  the  alternate  charge  of  gasoline,  and  would 
the  heating  of  the  cylinder  by  the  charge  of  gasoline 
increase  the  efficiency  of  tne  alternate  charge  of 
compressed  air?  C.  J.  T..  Neponsit,  111. 

Axs.— We  assume  that  you  mean  by  the  expression 
"  charge  of  gasoline,"  a  charge  of  mixed  gasoline  and 
air.  To  some  extent  the  expanding  air  would  cool 
the  cylinder,  and  the  entering  charge  of  compressed 
air  would,  of  course,  be  heated  by  contact  with  the 
hot  cylinder  walls.    Air  being  a   poor  conductor. 


however,  the  amount  of  heat  absorbed  would  be 
small.  So  far  as  the  efficiency  is  concerned,  you 
must  remember  that  the  cooling  of  the  cylinder  is 
detrimental  to  efficiency,  and  if  we  could  run  the 
engine  without  cooling,  we  would  be  glad  to  do  so. 
The  use  of  the  air,  therefore,  decreases  the  theoret- 
ical efficiency  of  the  gasoline  engine.  On  the  other 
hand,  the  burning  of  the  gasoline  would,  as  yon 
suggest.  Increase  the  efficiency  of  the  compressed 
air.  The  action  would  be  similar  to  that  of  the 
reheater  used  with  a  oompressed-air  engine.  An 
engine  using  compressed  air  is  in  any  case  ineffi- 
cient, and  while  your  arrangement  might  possibly  be 
used  in  place  of  the  ordinary  compressed-air  engine, 
where  the  air  is  obtained  from  some  central  com- 
pressing station,  it  would  surely  be  unwise  to  use 
power  ttojn  the  engine  to  compress  the  air  for  the 
engine.  Such  a  scheme,  it  seems  to  us.  would  result 
in  a  con^derable  loss  of  efficiency  compared  with 
the  ordinary  gasoline  engine.  There  is  one  difficulty 
you  have  probably  not  considered.  In  a  gas  or  gaso- 
line engine  the  clearance  is  necessarily  30  or  40  per 
cent.,  while  in  a  compressed-air  engine  it  should  be 
very  small,  say,  3  to  8  per  cent.  Even  if  the  use  of 
gasoline  and  air  alternately  were  theoretically  eco- 
nomical, it  would  be  difficult  to  reconcile  these 
widely  different  clearances. 

♦ 

(235)  What  is  the  best  ratio  between  the  areas  of 
the  high-pressure  and  the  low-pressure  cylinders  of  a 
vertical  inverted  compound  engine? 

O.  O.,  Mt.  Pleasant,  Vancouver,  B.  C. 
Ans.— As  to  the  bciit  ratio,  authorities  difl'er  very 
much.    A  common  rule  for  two-cylinder  compound 
engines  is  to  make  the  ratio  equal  to  the  square  root 
of  the  number  of  expansions. 

* 

(236)  I  purpose  going  into  the  electroplating  busi- 
ness on  rather  a  large  scale.  Can  you  tell  me  where 
I  can  get  all  the  necessary  apparatus  and  appli- 
ances, lor  silver,  gold,  and  nickel  plating? 

J.  R.  B.,  Fredericksburg,  Va. 
Ans.— Write  to  The  General  Electric  Co.,  Schenec- 
tady, N.  Y.,  or  to  C.  H.  Basly  &  Co.,  No.  10  N.  Canal 
Street,  Chicago,  111. 

(237)  In  The  MechanicAbtsMaoazink,  February, 
1899,  Answers  to  Inquiries,  No.  11,  the  following  ques- 
tion is  asked :  In  a  boiler  80  inches  in  diameter  by 
10  feet  long,  in  which  there  are  twenty-two  3-inch 
tubes,  what  area  of  heating  surface  should  there  be? 
The  answer  given  is  108  square  feet ;  now,  according 
to  my  calculation,  twenty-two  3-inch  tubes  10  feet 
long  nave  far  more  than  108  square  feet  of  heating 
surface.  Does  it  change  the  meaning  of  the  question 
to  make  it  read  thus :  In  a  boiler,  etc..  bow  many 
square  feet  of  heating  surface  are  there.  This  is  what 
I  understand  the  question  to  mean. 

R.  A.  T.,  Seattle,  Wash. 

Ans.— The  value  given  is  incorrect,  as  you  state, 

and  is  a  misprint.    We  make  the  heating  surface  of 

the  tubes  about  160  square  feet,  and  that  of  the  shell, 

48  square  feet,  a  total  of  208  instead  of  108  square  feet 

The  question  probably  means,  "how  many  square 

feet  of  heating  surface  are  there?  " 

♦ 
*  « 

(238)  Where  can  I  obtain  a  copy  of  the  engineefs* 
license  law  recently  passed  in  Pennsylvania? 

L.  L.  R.,  Wetmore,  Kas. 
Ans.— Write  to  the  Secretary  of  State  of  Pennsyl- 
vania, Harrlsburg,  Pa. 

* 
»  * 

Note.  —  The   Kingsford   Foundry   and   Machine 

Works,  Oswego,  N.  Y.,  would  like  to  communicate 

with  A.  B.  C,  of  New  York,  who  asked  question 

No.  172  in  the  August  number  of  this  magazine. — ^Ed. 
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LINCOLN  WAS  THOROUGR 


EDUCATION  baa  been  truly  defined  as  a 
second  birth.  Much  is  said  of  the 
force  of  accident  in  directing  the  pur- 
suits of  men.  Francis  Wa viand  writes  that 
he  does  not  believe  much  in  this  *'force-of- 
aocident  theory." 

Men  v^hose  propensities  are  strong  toward 
any  particular  course,  can  rarely  live  long 
without  having  those  propensities  quickened 
into  action.  The  accident  shows  the  bias  of 
the  mind,  but  does  not  create  it.  The  pro- 
portion of  men  who  have  such  propensities 
is  comparatively  small.  But  every  man  may 
make  acquisitions  which  will  render  him 
respectable  and  useful,  if  he  will  only  reso- 
lutely set  himself  about  it. 

It  was  at  his  mother's  knee  that  Abraham 
Lincoln  first  learned  to  read.  The  three 
books  he  first  absorbed  were  the  Bible, 
iEsop's  Fables,  and  Pilgrim's  Progress ; 
and  from  these  three  books  was  formed  the 
literary  taste  of  the  future  President.  So 
diHgent  and  masterful  was  his  study  of  these 
books  that  he  could  repeat  from  memory 
whole  chapters  of  the  Bible,  all  the  striking 
passages  of  Bunyan's  immortal  book,  and 
every  one  of  the  fkbles  of  ^sop.  The  "  Life 
of  Henry  Clay,"  procured  for  him  by  his 
mother,  was  his  fourth  book  and  one  of 
his  choicest  treasures.  Ramsey's  '*  Life  of 
Washington"  and  another  on  the  same 
subject  by  Weems,  were,  at  long  intervals, 
added  to  his  scanty  stock  of  books.  When- 
ever he  heard  of  a  book  that  could  be 
borrowed,  or  read  on  the  premises  of  the 
owner,  there  he  went  and  never  rested  until 
the  contents  of  the  book  had  been  absorbed. 

Reading  with  young  Lincoln  begot  a  strong 
desire  to  write,  and  paper  being  a  luxury 
almost  out  of  reach  of  the  pioneer  children 
of  these  days,  he  smoothed  shingles  or  took 
the  smooth  side  of  a  wooden  shovel,  and 
composed  thereon  essays  on  topics  of  the 
time,  and  occasionally  even  tried  verse- 
making.  The  scarcity  of  writing  material 
taught  him  conciseness.  Many  words  could 
not  be  used  when  writing  was  done  with  a 
clumsy  piece  of  charcoal  on  a  shingle. 
Severe,  indeed,  was  the  school  in  which  the 
future    President    of    the    United    States 


Mcquired  that  habit  of  condensing  thought 
for  which  he  was  afterwards  famous. 

His  stepmother  said  of  him  :  *'He  read 
everything  he  could  lay  his  hands  on,  and 
when  he  came  across  a  passage  that  struck 
him,  he  would  write  it  on  boards,  if  he 
had  no  paper,  and  keep  it  by  him  till  he 
could  get  paper.  Then  he  would  copy  it, 
look  at  it,  commit  it  to  memory,  and  repeat 
it."  He  collected  in  this  way  a  great  many 
things  from  books  he  did  not  own  and 
could  not  keep,  and  at  the  age  of  ten  he  had 
compiled  a  **  commonplace  book  "  in  which 
were  written  the  noble  thoughts  and  melo- 
dious lives  of  famous  men.  Later,  when  he 
was  yet  but  a  callow  youth,  some  of  his  Uter- 
ary  productions  were  considered  worthy  of 
reproduction  in  the  county  newspaper.  Of 
schooling,  properly  speaking,  he  had  but 
very  little,  but  when  a  schoolmaster  came 
occasionally  into  the  neighborhood,  perhaps 
miles  away,  the  little  brood  of  children — 
Abraham,  his  sister,  and  his  cousin  Dennis — 
trudged  through  wildwood  or  through  the 
snow  to  the  log  schoolhouse. 

When  seventeen  years  of  age,  he  walked  a 
long  distance  to  attend  court,  where  he 
heard  one  of  the  famous  Breckinridges  of 
Kentucky  deliver  a  notable  speech  in  a 
murder  trial.  This  speech  stirred  the  domi- 
nant genius  in  the  lad's  soul,  and  from  that 
day  he  practiced  speechmaking.  Taking 
up  any  topic  uppermost  in  the  rural  neigh- 
borhood, road  building,  laying  out  trails, 
school  tax,  bounties  on  wolves  or  bears,  he 
*^  speechified,"  as  he  called  it,  to  the  gaping 
rustics  that  flocked  to  hear  him.  Sometimes 
he  got  up  a  mock  trial  and  arraigned  an 
imaginary  culprit,  acting  himself  as  prose- 
cuting attorney,  counsel  for  the  defendant, 
judge  and  jury,  and  going  through  all  the 
forms  and  addresses  of  a  regular  court. 

One  notable  thing  about  Lincoln  was  that 
when  he  began  to  study  anything  he  waa 
never  satisfied  until  he  had  got  to  the  root 
of  it.  He  wrote  and  rewrote  all  that  he 
wanted  to  commit  to  memory.  No  difficult 
problem  would  he  abandon  ;  and  whenever 
he  encountered  a  fact  that  to  him  seemed 
inexplicable,  he  never  rested  until  it  was 
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THE  POTENCY  OF  STEAM, 


made  clear  and  he  had  mastered  its  secret 
He  was  in  all  things  thorough.  Years  after- 
ward,  when  he  was  President,  a  person 
came  to  him  with  a  story  of  a  plot  or  con- 
spiracy, advancing  little  or  no  proof  in 
support  of  his  statements.  Lincoln  said : 
'*  There  is  one  thing  I  have  learned  and  you 
have  not.  It  is  only  one  word — thorough." 
Bringing  his  hand  down  forcibly  on  the 
table  to  emphasize  his  meaning,  he  repeated, 
"Bethorovgh.'' 

CULTURE  AND  TRAINING. 


CULTURE  and  scientific  training  for  a 
practical  man,  should  be  the  purpose 
of  all  schemes  of  education  of  the  indi- 
vidual citizen.  Their  order  and  extent,  axld 
their  relative  importance  and  magnitude, 
must,  however,  depend  on  the  position  in 
life  of  the  individual ;  rather,  on  his  choice 
than  on  their  own  logical  sequence.  The 
proper  and  logical  order  would  be,  first, 
culture,  then  professional  training :  first,  the 
awakening  and  strengthening  of  the  mind  ; 
next,  its  application  to  the  purposes  of  cul- 
ture; then  its  practical  employment  in 
acquiring  and  practicing  the  chosen  voca- 
tion, whether  that  of  the  engineer  who 
builds,  the  artist  who  adorns,  the  man  of 
letters  who  entertains  and  enlightens,  the 
jurist  who  interprets  the  law,  or  the  physi- 
cian or  clergyman  who  ministers  to  bodies 
or  to  minds  diseased,  or  even  that  of  the 
man  of  leisure  whose  profession  is  that  of 
the  accomplished  man  of  a  society  of  culture. 
Every  intelligent  citizen  desires  for  his  chil- 
dren so  much  of  culture  as  his  time  and 
means  permit  him  to  give  them  ;  his  means 
determine  to  what  extent  he  must  abridge 
the  culture  studies,  and  compulsorily  ante- 
date the  best  time  for  entrance  on  the 
studies  having  practical  application  in  the 
life  of  the  bread  winner.  For  people  of 
wealth,  twenty  years  of  culture,  five  of  pro- 
fessional study,  may  be  none  too  extensive 
a  course ;  but  the  citizen  of  moderate  means 
must  at  least  terminate  his  son's  studies  at 
twenty-one,  and  if  he  is  to  haVe  a  profes- 
sional training,  it  must  commence  at  sixteen 
or  seventeen  ;  while  those  who  have  to  work 
for  a  living  must  send  their  oflfepring  out 
into  the  world  to  earn  their  own  living  while 
still  children.  It  thus  happens  that  ^he 
education  of  the  people  must,  in  the  main, 
be  such  as  will  give  them  technical  training, 
with,  incidentally,  so  much  of  culture  as  can 
be  offered  without  detriment  to  their  prepa- 
ration for  the  work  that  must  engage  their 


life's  attention.    There  is  qo  culture  unless 
it  teaches  us  how  to  live. 

To  live  is  to  have  justice,  truth,  reason, 
devotion,  probity,  sincerity,  common  sense, 
right,  and  duty  welded  into  the  heart  To 
live  is  to  know  what  one  is  worth — what  one 
can  do,  and  should  do.    Life  is  conscience. 

Life  Is  a  sea— as  fathomlev, 
As  wide,  as  terrible,  and  yet  sometixnes 
As  calm  and  beautiful.     The  light  of  heaven 
Smiles  on  it,  and  'tis  decked  with  every  hae 
Of  glory  and  of  Joy.    Anon  dark  clouds 
Arise,  contending  winds  of  fate  go  forth. 
And  Hope  sits  weeping  o'er  a  general  wreck. 
And  thou  must  sail  upon  this  sea,  a  long 
Eventful  voyage.  The  wise  may  sufifer  wreck, 
The  foolish  mtuL 


THE  POTENCY  OF  STEAM. 


TN  COMPARISON  with  the  past,  what 
1  centuries  of  improvement  has  this  single 
agent  comprised  in  the  short  compass  of 
fifty  years !  Everywhere  practicable,  every- 
where efficient,  it  is  an  arm  a  thousand  times 
stronger  than  that  of  Hercules,  and  to  which 
human  ingenuity  is  capable  of  fitting  a 
thousand  times  as  many  heads  as  belonged 
to  Briareus.  Steam  is  found  in  triumphant 
operation  on  the  seas ;  and  under  the  influ- 
ence of  its  strong  propulsion,  the  gallant  ship 

"Agaipst  the  wind,  against  the  tide, 
Still  steadies  with  an  upright  keel." 

It  is  on  the  rivers,  and  the  boatman  may 
repose  on  his  oars;  it  is  on  the  highways, 
exerting  itself  along  the  courses  of  land 
conveyance ;  it  is  at  the  hottom  of  mines,  a 
thousand  feet  below  the  earth's  Surface ;  it 
is  in  the  mill  and  in  the  workshops  of  the 
trades.     It  rows,  it  pumps,  it  excavates,  it 
carries,  it  draws,  it  lifts,  it  hammers,  it  spins, 
it  weaves,  it  prints.    It  seems  to  say  to  men, 
'*  Leave  off  your  manual  labor,  give  over 
your  bodily  toil ;  bestow  but  your  skill  and 
reason  to  the  directing  of  my  power ;  and  I 
will  bear  the  toil — with  no  muscle  to  grow 
weary,  no  nerve  to  relax,  no  breast  to  feel 
faintness.''     What   further    improvements 
may  still  be  made  in  the  use  of  this  astonish- 
ing poWer  it  is  impossible  to  know,  and  it 
were  vain  to  conjecture.    What  we  do  know 
is,  that  it  has  most  essentially  altered  the 
face  of  affairs,  and  that  no  visible  limit  yet 
appears  beyond  which  its  progress  is  seen  to 
be  impossible.    If  its  power  were  now  to  be 
annihilated,  if  we  were  to  miss  it  on  the 
water  and  in  the  mills,  it  would  seem  as  if 
we  were  going  back  to  rude  ages. 


COLONELALBl^T  A.  POPE. 

Oncb  a  Marrft  Boy— Now  a  Millionaire  Bicycle  SIani 


npHE  career  of  Col.  Albert  A.  Pope,  of     brought  in  contact.    He  kept,  even  in  these 


1      Boston,  illnstratea   the   Baying: 

not  serve  money,  bnt  nee  money  ai  a  ' 
lever  to  help  you  serve  something  greater 
than  yourself." 

Alt>ert  Augustas  Pope  comes  from  good 
New  Ei^Und  stock,  and  was  bom  i 


boyhood  days,  a  careful  account  of  bis 
expenses,  and  knew  bow  every  cent  of  his 
money  was  applied.  How  helpful  is  this 
pracljce?  How  many  young  men  who  let 
their  money  slip  through  their  fingers  ask 
themselves  where  has  that  money  gone? 


Hay  20,  1643.    His  father,  Charles  Pope,  of  They  have  no  value  for  it.    Would  not  the 

Boston,  was  an  active  and  energetic  bnsi-  keeping  of  an  itemized  account  of  expendi- 

nen  man.    Unexpected  reverses,  however,  tores  help  them  as  it  did  Mr.  Pope  in  giving 

reduced    the  fiunily  to  such   etrughtened  him  a  due  regard  for  money's  value?    It  is 

drcnmstances  that  young  Pope  was,  at  the  interesting  in  his  career  to  know  that  his 

age  of  nine,  obliged  to  begin  the  straggle  <iS  expenses    for   one  month,    at   this   time. 


lifeand  leam  those  valu- 
able le«8one  of  peteever- 
ance  and  courage  which 
have  proved  the  founda- 
tion of  hia  extraordi- 
narily snccessAil  career. 
The  first  work  in 
which  be  engaged  was 
done  for  a  &rmer  in 
Brookline,  near  where 
his  own  &mily  was  then 
living.  He  went  to 
school  mornings,  but 
gave  bis  time  in  the 
aftemooDs  and  daring 
all'  his  vacations  to  the 
fiirmer.  He  was,  says 
Hanley  H.  GilUm,  a 
boy  who  never  shirked 
doty,  and  he  made 
oppcnlunity  his  servant 
Wbile  yet  not  mora  than 
ten,  young  Pope  bc^an 
to  buy  fruit  and  vege- 
tables from  the  farmers 
on  his  own  account  colonu.  alb 

He  made  bis  purchases 
in  the  aft«moon  and  delivered  the  goods  to 
his  customers  before  school    hour   in   the 
morning.    Ho  was  from  the  Btart  a  Buccees 
1  business.    He  soon  hired    bis   father's 


tached  the  s 
twenty-one  cents,  for 
another  eighteen,  and 
for  still  another  four- 
teen, and  yet  he  always 
had  money  at  command 
and  in  hiB  posaesaion. 
Here  we  have  the  secret 
revealed  of  Colonel 
Pope's  BOCcesB  —  he 
never  spent  what  be 
did  not  have,  and  jnst 
as  little  as  poBsible  of 
what  he  happened  to 
have  in  his  possession^ 

Even  now,  after  giv- 
ing hundreds  of  thou- 
■anda  to  charities  and 
benefactions  of  various 
kinds,  and  surrounding 
himself  with  all  the 
requirements  of  cul- 
tured life,  Mr.  Pope  isa 
stem  diaapprovor  of 
waste  an  d  extravagance. 
KT  A.  Pope.  *'  *'^^  ^^  "^  fifteen 

he  left  the  high  school 
to  secure  employment  in  the  Quincy  market 
He  was  advancing,  bat  in  the  face  of  great 
trial  and  difficulty.  He  rode  back  and  forth 
with  hia  employer  every  morning  before  8i 


horse  and   market   wagon,  and  with   hia      rise  and  every  evening  after  sandown  i 


fresh  fruit  and  vegetables  for  sale  became  t 
noticeable  figure  in  the  lower  part  of  Boston. 
His  basineBs  grew  so  fast  that  he  hod  to 
employ  other  boys  to  help  him,  and  so  well 
did  be  manage  bis  afi'ure  that  in  one  sea- 
son he  had  saved  one  hundred  dollars. 
He  pud  every  debt  on  time,  and  thus  won 
the  r^ard  of  every  one  with  whom  he  was 


an  open  wagon,  encountering  the  severest 
weather  and  never  shirking  from  the  most 
fatiguing  tasks.  I«ter  on  we  find  him  work- 
ing for  four  dollars  a  week  for  a  firm  of 
dealers  in  ahoe-finditiga.  There  he  did  all 
the  work  of  a  porter,  carrying  one-hundred- 
pound  bales,  and  stirring  vamiBh  for  honra  in 
uncomfortable  quarters  under  the  sidewalk. 
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His  fidelity  was  6o  marked  in  the  dis- 
charge of  these  laborious  and  trying  duties 
that  his  salary  was  soon  increased  to  five 
dollars  a  week,  a  considerable  fxxm  in  those 
days. 

The  outbreak  of  the  Civil  War  called 
young  Pope  into  the  service  of  his  country. 
He  was,  at  the  beginning  of  hostilities, 
chosen  captain  of  the  Home  Guard  of  Brook- 
line.  He  applied  himself  with  zeal  to  the 
study  of  military  afiOurs,  and  soon  became 
thoroughly  familiar  with  the  military  tactics 
of  the  day.  At  nineteen  he  enrolled  in  the 
volunteer  forces  of  the  Union  Army,  and 
was  sent  to  the  front  as  second  lieutenant 
in  the  35th  Massachusetts  Volunteers.  This 
was  in  1862.  His  regiment  was  not  long  in 
the  service  before  he  became  first  lieutenant, 
and  was  soon  after  promoted  to  a  captaincy. 
His  chief  battles  were  South  Mountain, 
Antietam,  Sulphur  Springs,  Fredericksburg, 
Vicksburg,  Jackson,  Missouri,  Knoxville, 
Petersburg,  and  Poplar  Springs  Church. 
At  Knoxville  he  received  a  wound.  He 
was  frequently  employed  by  his  command- 
ing officer  on  important  services,  and  acted 
as  commander  of  his  regiment  on  many 
occasions  when  the  colonel  was  absent  or 
disabled.  For  gallant  conduct  at  the  battle 
of  Fredericksburg  he  was  breveted  major, 
and  for  still  further  distinguished  conduct  at 
Knoxville,  Poplar  Springs  Church,  and  in 
front  of  Petersburg,  made  a  lieutenant- 
colonel.  His  habits  of  forethought  and 
economy  stood  him  in  such  good  stead 
while  in  the  army  that  he  left  the  service 
with  over  $3,000  in  cash  to  his  credit. 

In  1876  he  first  saw  a  bicycle  at  the  Cen- 
tennial Exposition,  and  became  fascinated 
with  its  mechanism.  Convinced  that  there 
was  a  great  future  for  this  novel  vehicle, 
he  identified  himself  with  its  production. 
Starting  from  very  humble  beginnings  in 
1878,  he  has  built  up  an  extraordinary- busi- 
ness with  a  capital  of  more  than  $5,000,000. 
Under  his  control  are  four  factories  at  Hart- 
ford, Conn.  These  factories  cover  18  acres 
of  floor  space,  give  employment  to  more 
than  3,000  expert  mechanics,  and  have  an 
enrollment  of  3,800  expert  agents.  The 
productive  capacity  of  the  factories  is  more 
than  600  bicycles  a  day. 

Besides  being  president  of  the  Pope  Man- 
ufacturing Company,  Colonel  Pope  is  a 
director  in  some  of  the  largest  financial 
concerns  in  the  country.  He  is  a  prominent 
member  of  various  military,  educational, 
athletic,  and  commercial  associations,  and  an 
officer  or  director  in  a  score  of  other  corpora- 


tions. He  has,  for  many  years,  steadily 
declined  political  honors.  Colonel  Pope  mar- 
ried, September  20,  1871,  Abby,  daughter  of 
George  and  Matilda  (Small wood)  Linder, 
of  Newton,  Mass.  They  have  four  sons  and 
a  daughter.  Besides  his  industrial  enter- 
prises. Colonel  Pope  directs  the  publication 
of  that  valuable  periodical,  '* Outing,"  issued 
in  the  interests  of  wheelmen,  and  has, 
through  its  columns  and  otherwise,  ren- 
dered the  cause  of  good  roads  throughout 
the  country  inestimable  service.  Through 
his  untiring  efibrts  the  Congress  of  the 
United  States  and  the  Legislatures  of  many 
States,  aroused  from  their  lethargy,  have 
adopted  measures  tending  in  the  right 
direction. 

The  press  of  the  country,  following  the  lead 
of  Colonel  Pope,  has  generously  advanced  the 
interests  of  this  great  practical  reform  with 
the  result  of  inaugurating  a  movement 
which  will,  it  is  confidently  expected,  result 
in  our  having  good  roads  throughout  the 
country. 

The  success  achieved  by  Colonel  Pope  is 
no  mystery.  He  has  ever  loved  work  and 
deprecated  waste.  He  has  shrunk  from  no 
labor,  and  has  placed  true  value  upon  time. 


LEARN  TO  WAIT. 


THERE  is  an  element  of  success,  which, 
in  our  age  of  rapid  movement  and 
change,  is  liable  to  be  undervalued. 
We  refer  to  patience  and  that  capacity  to 
wait  for  remote  results,  so  essential  to  the 
achievement  of  anything  worthy  and  endur- 
ing. Perhaps  nothing  is  more  characteristic 
of  our  American  life  than  the  intense  desire 
to  obtain  wealth,  reputation,  honor,  and 
office  by  rapid  and  short-hand  procesBes. 
In  business  it  leads  men  to  take  risks  on 
the  capital  of  others,  to  disregard  the  laws 
of  morality,  that  fortunes  may  be  made 
without  work  or  waiting.  In  public  and 
professional  life  it  induces  men  to  put 
office  before  honor,  reputation  before  char- 
acter, and  is  a  prolific  source  of  all  sorts  of 
counterfeits.  It  caters  to  unsound  notions 
of  public  instruction.  It  demoralizes  litera- 
ture. We  warn  against  the  tendencies  of 
this  impatient  age,  if  desire  to  secure  solid 
and  lasting  success  is  sought.  Do  not 
attempt  to  secure  success  without  the  expen- 
diture of  labor,  thought,  and  time.  *'  Patient 
continuance  in  well-doing'*  is  one  of  the 
chiefest  virtues,  and  an  essential  to  success. 
If  you  think  to  evade  this  law  you  will  find 
your  mistake. 


YOUNO  MEN  AND  YOUNG  BRAINS. 
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SLOW  AND  SURE  THE  WINNER. 


DOCTOR  ARNOLD  said  of  boys,  that  the 
difference  between  one  boy  and  another 
consists  not  so  much  in  talent  as  in 
energy.  This  is  equally  t rue  of  men.  Given, 
perseverance,  energy  soon  becomes  habitual. 
Provided  the  dunce  has  persistency  and 
application,  he  will  inevitably  head  the 
cleverer  boy  devoid  of  these  qualities. 
Slow  but  sure  wins  the  race.  It  is  perse- 
verance that  explains  how  the  position 
of  boys  at  school  are  eo  often  reversed  in 
real  life ;  and  it  is  curious  to  note  how  some 
clever  at  school  have,  after  leaving  it, 
become  so  commonplace,  while  others,  dull 
boys,  of  whom  nothing  was  expected,  slow 
in  faculty,  but  sure  in  pace,  have  assumed 
the  position  of  leaders  of  men. 

The  writer,  when  a  boy,  stood  in  the  same 
class  with  one  of  the  greatest  of  dunces. 
One  teacher  after  another  tried  his  skill  on 
him  and  failed.  Corporal  punishment,  the 
fooPs  cap,  coaxing,  and  earnest  entreaty,  all 
alike  proved  fruitless.  The  experiment  was 
sometimes  tried  of  placing  him  at  the  top  of 
his  class,  and  it  was  curious  to  note  the  rapi- 
dity with  which  he  gravitated  to  the  inevit- 
able bottom.  The  youth  was  given  up  by 
his  teachers  as  an  incorrigible  dunce — one 
of  them  pronouncing  him  ''a  stupendous 
booby."  Yet,  slow  though  he  was,  this 
much-condemned  youth  had  in  him  a  sort 
of  dull  energy  of  purpose,  which  grew  with 
his  muscles  and  his  manhood  ;  and,  strange 
to  say,  when  he  at  length  came  to  take  part 
in  the  practical  experiences  of  life,  was 
found  heading  most  of  his  school  contem- 
poraries, eventually  leaving  the  greater 
number  far  behind.  In  time  he  became 
the  chief  magistrate  of  his  native  city. 

U.  S.  Grant,  the  illustrious  American 
soldier,  who  suppressed  the  rebellion  of  the 
slave-holding  States,  was,  when  a  boy, 
considered  dull  and  unhandy.  Stonewall 
Jackson,  Lee's  greatest  lieutenant,  was  in 
his  youth  chiefly  noted  for  his  slowness. 
While  a  pupil  at  West  Point  Military 
Academy,  Jackson  was,  however,  equally 
remarkable  for  indefatigable  application 
and  perseverance.  When  a  task  was  set 
him,  he  never  left  it  until  he  had  mastered 
it.  "Again  and  again,"  wrote  one  who 
knew  him,  "when  called  upon  to  answer 
questions  in  the  recitation  of  the  day,  he 
would  reply,  *  I  have  not  yet  looked  at  it ; 
I  have  been  engaged  in  mastering  the 
recitation  of  yesterday  or  the  day  before.* 
The  result  was  that  he  was  graduated  the 


seventeenth  in  a  class  of  seventy.  There 
was  not,  it  is  probable,  in  the  whole  class 
a  boy  to  whom  Jackson  was  not  inferior  in 
knowledge  and  attainments.  But  at  the 
end  of  the  race,  he  had  only  sixteen  before 
him  and  had  outstripped  not  fewer  than 
fifty -three.  It  used  to  be  said  of  him  by 
his  contemporaries  that  if  the  course  had 
been  for  ten  instead  of  four  years,  Jackson 
would  have  been  graduated  at  the  head  of 
his  class." 

YOUNG  MEN  AND  YOUNG  BRAINS 

MR.  PHIL.  ARMOUR,  who  does  a  busi- 
ness of  a  hundred  millions  a  year, 
was  asked  recently  if  he  thought  the 
chances  for  young  men  as  good  today  as 
they  were  when  he  was  young.  "  Yes,"  he 
said,  "I  think  so.  The  world  is  changing 
every  day,  and  new  fields  are  constantly 
opening.  We  have  new  ideas,  new  inven- 
tions, new  methods  of  manufacture,  and  new 
ways  today  everywhere.  There  is  plenty  of 
room  for  any  man  who  can  do  anything 
well.  The  electrical  field  is  a  wonderful 
one.  There  are  other  things  equally  good, 
and  the  right  man  is  never  at  a  loss  for  an 
opportunity.  Provided  he  hsa  some  ability 
and  good  sense  to  start  with,  is  thrifty, 
honest,  and  economical,  there  is  no  reason 
why  any  young  man  should  not  accumulate 
money  and  attain  success  in  life." 

When  asked  to  what  qualities  he  attrib- 
uted his  own  success,  Mr.  Armour  said  :  "  I 
think  that  thrift  and  economy  had  much  to 
do  with  it.  I  owe  much  to  my  mother*  s  train- 
ing and  to  a  good  line  of  Scotch  ancestors, 
who  have  always  been  thrifty  and  economi- 
cal. As  to  my  business  education,  I  never 
had  any.  I  am,  in  fact,  a  good  deal  like 
Topsy,  *  I  just  growed.'  My  success  has 
been  largely  a  matter  of  organization. 
I  have  always  made  it  a  point  to  surround 
myself  with  good  men.  I  take  them  when 
they  are  young  and  keep  them  just  as  long 
as  I  can.  Nearly  all  of  the  men  I  now  have, 
have  grown  up  with  me.  Many  of  them 
have  worked  with  me  for  twenty  years. 
They  have  started  in  at  low  wages,  and 
have  been  advanced  until  they  have  reached 
the  highest  positions."  Mr.  Armour  thinks 
that  most  men  who  accumulate  a  large 
amount  of  money  inherit  the  money-making 
instinct.  The  power  of  making  and  accu- 
mulating money,  he  says,  is  as  much  a 
natural  gift  as  are  those  of  a  singer  or  an 
artist.  **The  germs  of  the  power  to  make 
money  must  be  in  the  mind.  Take,  for 
instance,  the  people  we  have  working  with 
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us.  I  can  get  millions  of  good  bookkeepers 
or  accountants,  but  not  more  than  one  out 
of  five  bundled  in  all  of  those  I  have 
employed  has  b^en  a  great  success  as  an 
organizer  or  trader." 

Mr.  Armour  is  a  great  believer  in  yoUng 
men  and  young  brains.  He  never  discharges 
a  man  if  he  can  find  him  other  work.  He 
will  not,  however,  tolerate  intemperance, 
laziness,  or  getting  into  debt.  Some  time 
ago  a  policeman  entered  his  office.  In 
answer  to  Mr.  Armour's  question,  "What 
do  you  want  here?"  he  replied :  **  I  want  to 
garnishee  one  of  your  men's  wages  for 
debt"  ''Indeed,"  siaid  Mr.  Armour,  "and 
who  is  the  man? "  Asking  the  officer  into 
his  private  room,  he  sent  for  the  debtor. 
**  How  long  have  you  been  in  debt?  "  asked 
Mr.  Armour.  The  clerk  replied  that  he  had 
been  behind  for  twenty  years  and  could 
not  seem  to  catch  up.  **  But  you  get  a  good 
salary,  don't  you?"  "Yes,  but  I  can't  get 
out  of  debt."  "But  you  must  get  out,  or 
you  must  leave  here,"  said  Mr.  Armour. 
"How  much  do  you  owe?"  The  clerk 
gave  the  amount,  which  was  something  less 
than  a  thousand  dollars.  "  Well,"  said  Mr. 
Armour,  handing  him  a  check,  "there  is 
enough  to  pay  all  your  debts,  and  if  I  hear 
of  your  again  getting  into  debt,  you  will  have 
to  leave."  The  clerk  paid  his  debts  and 
remodeled  his  life  on  a  cash  basis. 


BRAINS  SECOND  TO  VILL. 


PAST  AND  FUTURE. 


THERE  are  two  thoughts  that  it  would 
be  well  to  recall  at  the  close  of  any 
important  action  or  occasion  of  our 
lives.  One  is,  that  it  is  gone  beyond  recall. 
It  belongs  to  the  past,  and  has  thus  been 
taken  out  of  our  hands.  We  may  regret  it, 
but  we  cailnot  undo  or  reverse  it ;  therefore, 
to  continue  vainly  to  deplore  it  is  waste  of 
life  and  energy.  We  may  rejoice  in  it,  but, 
as  it  is  finished,  we  must  press  on  to  some- 
thing else. 

The  other  thought  is,  that,  whatever  it  may 
be,  it  bears  a  lesson  for  the  future.  In  it 
we  may  find  some  secret  of  success  or  of 
failure,  some  suggestion  of  better  methods 
or  untried  plans,  some  new  means  of  advance- 
ment, some  message  of  sympathy  or  kindli- 
ness to  others.  For  this  purpose  it  is  worthy 
of  contemplation  ;  but,  when  this  is  gained, 
we  should  hold  life  too  precious,  too  full  of 
work  and  of  duty,  to  dwell  either  in  deplor- 
ing it,  or  in  exulting  over  it. 

Leave  what  you've  done  for  what  you  have  to  do  ; 
Don't  be  **  consistent,"  but  be  simply  true. 


BRAIN  itself  is  second  in  importance  to 
will.  The  vacillating  man  is  always 
pushed  aside  in  the  race  of  life.  It  is 
only  the  weak  who  halt  before  adverse  cir- 
cumstances and  obstacles.  What  we  long 
for  and  strive  for  with  all  our  strength,  we 
usually  approximate  if  we  do  not  fhlly  reach. 
Hunger  breaks  through  stone  walls ;  stem 
necessity  will  find  a  way  or  make  one. 

There  is  as  much  chance  of  idleness  and 
incapacity  winning  real  success,  or  a  high 
position  in  life,  as  of  producing  a  Paradise 
Lost  by  shaking  up  promiscuously  the  sep- 
arate words  of  Webster's  Dictionary,  and 
letting  them  fall  at  random  on  the  floor. 
Fortune  smiles  on  those  who  roll  up  their 
sleeves  and  put  their  shoulders  to  the  wheel ; 
on  men  who  are  not  afraid  of  dreary,  dry, 
irksome  drudgery,  men  of  nerve  and  grit 
who  do  not  turn  aside  for  dirt  and  detail. 

We  must  learn  that '  *  he  alone  is  great  who, 
by  a  life  heroic,  conquers  fate ; "  that  ''dili- 
gence is  the  mother  of  good  luck"  ;  that, 
nine  times  out  of  ten,  what  we  call  luck,  or 
fate,  is  but  a  mere  bugbear  of  the  indolent, 
the  languid,  the  purposeless,  the  careless, 
the  indififerent ;  that  the  man  who  fails,  as 
a  rule,  does  not  see  or  seize  his  opportunity. 

So  nigh  Is  grandeur  to  our  dust, 

So  near  is  God  to  man, 
When  Duty  whispers  low,  **Thou  most,'* 

The  youth  replies,  •'  I  can." 

What  a  mighty  will  Napoleon  had.    Noth- 
ing ever  daunted  him.    All   through  the 
Russian  expedition,  one  of  the  most  fright- 
ful  experiences  in  history,  he  was  caltn, 
self-possessed,  self-controlled,  self-centered, 
ever  believing  in  his  destiny,  and  without 
diminution  of  courage.    Misfortune,  disast^, 
obstacles,  and  sorrows  that  would  crush  and 
unbalance  ordinary  minds,  did  not  disturb 
his  serenity.    When  soldiers  of  all  ranks 
were  blowing  their  brains  out  by  the  score 
to  escape  misery,  when  the  men  were  statn- 
ing  the  snow  with  their  blood,  he  never 
faltered,  but   cheered  them   and   inspired 
them  with  hope  and  confidence  in  himself. 
And  even  in  this  extremity,  when  men  were 
driven  to  desperation  and  reduced  almost  to 
starvation,  they  would  have  died  for  the 
Emperor  if  it  had  been  necessary. 

*'  Nature  seems  to  have  calculated,"  said 
he,  'Hhat  I  should  endure  great  reveraee. 
She  has  given  me  a  mind  of  marble ;  thunder 
cannot  ruffle  it ;  the  shafts  merely  glide 
along." 


STUDENTS   WHO   HAVE    BENEFITED   THEMSELVES 

THROUGH  HOUE  STUDY 

IN  THE  INTERNATIONAL  CORRESPONDENCE  SCHOOLS, 
ScRanton.  Pa. 

from  pit  boss  to 

mine  inspector. 

I    bare  read  and  etadied  textbooks  for 

twenty-five  years,  and  from  them  I  gaiDed 
much  inronnation, 
but  I  gained  more 
practical  and  eewn- 
tiat  information  from 
the  InBtruction  Pa- 
pers of  your  School 
in  one  year  than  I 
did  from  the  text- 
books. When  I  en- 
rolled in  the  Schools 
I  was  a  pit  boas,  and 
candidly  admit  that 
without  their  aid  I 
never     could     have 

obtained  my  position.    In  January,  ISB.*!,  I 

waaawarded  99^  per  cent,  in  an  examination 

for  State  Mine  Inspector,  and  in  doe  time 

wasappointed  by  the  Governor.   I  appointed 

Mr.  John  D.  Jones,  of  Rockvale,  who  is  also 

a  student  in  the  Bchoola,  as  my  deputy, — 

David  Griffilht,  Mine  Intpector,  NfwcaMe,  Colo. 


As  I  was  ambitiouB  to  become  a  ^nogra- 
pber,  I  enrolled   in   the  Complete  Steno- 
graphic Course  on  the  4th  of  February,  1698, 
and  waa  granted  a  diploma  on  the  20th  of 
February,  1899.    I  waa  greatly  benefited  by 
the  Course,  as  the  Instruction  Papers  are  so 
clear  and  plain  that 
any  person  of  aver- 
age attainments,  who 
is  Villing  to  study, 
cannot  help  bnt 
learn.    A  short  time 
after  I  received  my 
diploma  I  waaofiered 
a    position    in    the 
office  of  The  Liuiyoii 
Zinc  Company,  of 
this  pla(»,  at  a  fair 
salary,  with  an  in- 
crease of  wages  after 

I  had  acquired  some  experience.  I  at  once 
accepted  the  position  and  am  getting  along 
nicely.  I  will  ever  be  ready  to  help  the 
Schools. — -Wiry    WiUon,    SUnoffrapher,    Tula, 


I  owe  so  much  of  my  success  to  the  Schools 
that  I  take  pleasure  in  stating  that,  on  fin- 
ishing my  Course  in 
Heating  and  Venti- 
lation, I  was  pro- 
mot«d  to  the  position 
of  Assistant  Super- 
intendent of  the 
German  town  Steam 
Company,  which 
position  I  still  hold. 
I  consider  the  in- 
Stroction  received 
through  the  Schools 
to  have  been  of  ines- 
timable value  to  me, 
and  would  say  that  the  eight  students  I 
have  enrolled  have  voiced  these  aentlmente 
to  me  many  times.  I  would  advise  any 
young  man  who  is  in  a  position  to  take  one 
of  your  Courses  to  do  so  by  all  means. — 
C  O.  AlUn  MmiU,  AttitUml  Superintendent, 
Oermaidovm,  Fa. 


I  have  just  completed  the  Ijocomotive 
Engineering  Course  of  the  Schools,  and  have 
enrolled  in  the  Electrical  Engineering  Course. 
I  have  found  the  system  of  inatroction  very 
systematic  and  complete.  The  Instruction 
Papers  treat  the  vari- 
ous subjects  in  a  very 
extiaustive  manner, 
and  the  faithful  stu- 
dent cannot  fail  to 
receive  a  thorough 
education  in  the  sub- 
ject studied.  I  have 
been  benefited  very 
much  since  I  became 


udent  i 


the 


Schools,   and  now 

have    a    responsible 

position    as    master 

mechanic  of  the  Central  Railroad  Company 

of   New    Jersey.— X   S.    Ckamberi,   Dimaion 

Matter  Mechanic,  EtizabHkpoH,  N.  J. 


STUDENTS  WHO  HAVE  BENEFITED  THEMSELVES. 


I  went  to  work  wheo  qaite  yoQog,  having 
only  a  common  ecLool  education.  I  am 
employed  in  the 
Graton  &  Knight 
Mfg.  Co.'o  tannery, 
and  as  the  modern 
tanner  mnst  be 
Bomething  of  a  chem- 
ist, I  enrolled  in  the 
Oi^anic  and  Inor- 
ganic ChemiBtry 
Course.  Sincestudy- 
ing  in  the  Schools  I 
have  been  placed  iu 

a   more  reaponBible 

poeilion  and  receive 
a  cort^sponding  increase  in  salary.  I  have 
ft«qaent  occasion  to  use  my  chemistry, 
and  expect  to  advance  still  further  in  the 
(iiture.  From  the  workingman's  etandpoint, 
I  consider  the  Course  equal  to,  or  superior 
to,  a  regular  collc^  course.— P.  B.  Wight, 
Tantur,  Il'orcfitffr,  ifaa. 


For  fifteen  years  I  worked  at  the  bench 
as  a  wheelwright 

Two  years  ago  1  enrolled  in  the  Complete 
Mechanical  Course  of  the  Schools,  and 
applied  myself  to  study.  A  short  time 
ago  the  Schools'  agent  in  Harrieburg,  Pa., 
secared  for  nie  an  excellent  position  in  the 
drafting  department 
of  the  Harrisburg 
Foundry  and  Ma- 
chine Works. 

In  view  of  the  facts 
that  I  had  absolutely 

drafting  but  what  I 

received     from     the 

Schools,  and  that  I 

well  able 


the 


I  the 


drafting  department 
to  the  satisfaction  of 
my  employers,  I  consider  the  methods  of 
instruction  the  very  best  that  any  man  can 
obtain  to  fit  himself  for  a  upcful  place  in  the 
world.  The  Schools  have  done  more  for  me 
than  1  can  find  words  to  express,  and  I  shall 
ever  prize  very  highly  the  suggestion  that 
induced  me  to  enroll,— fdunn  F.  Dombach, 
Drajltman,  Harrisburg,  Pa. 


I  enrolled  in  the  Mechanical  Drawing 
Course  of  the  Schools  in  April,  1895,  having 
no  knowledge  whatever  of  mechanical 
drawing.  I  completed  thoConrse  in  Martdi, 
1898,  and  now  feel  qualified  to  handle  any 
line  of  drafting  in  connection  with  this  bnti- 
ness.  I  was  ao  much  pleased  wilh  my 
studies  and   the  attention   received    from 

the  Schools  that  I    

enrolled  in  the  Com- 
plete Mechanical 
Course,  and  am  mak- 
ing very  satisfactory 
pr<«recsin  the  same. 
Mystudieehave  been 
of  great  benefit  to 
me  in  my  position 
as  General  Foreman 
of  the  Car  Depart- 
ment of  the  Lake 
Shore  and  Michigan 
Southern     Railway. 

The  International  CorrcFpondence  Schools 
present  an  opportunity  for  education  that 
should  be  grasped  by  all  who  can  study  only 
in  spare  time.  I  keep  all  my  drawings  at  my 
office  and  will  gladly  show  them  to  prospec- 
tive students.— fl.  W.  Burnett,  General  Fore- 
man, EngUwood,  HI. 


REPAIRMAN  BECOMES 

FOREMAN. 

I  cannot  say  too  much  in  praise  of  The 
International  Correspondence  Bchools  and 
the  excellence  of  their  Instruction  Papers. 
They  are  very  thorough,  being  not  too  hard, 
nor  yet  too  easy,  but  jast  right,  making  it 
possible  for  any  one  to  ondersiand  them. 
When  I  enrolled  in 
the  Electrical  Engi- 
neering Course  I  was 
a  repairer  of  electric 
cars.    I  advanced 


dynamo- 
tender,  general  elec- 
trician, and  am  now 
electric  shop  fore- 
man with  the  Brook- 
lyn Rapid  Transit 
Company.  I  am  now 
finishing  the  balance 
of  my  Course,  and  can  see  advancement  aod 
prosperity  ahead.— If.  Edward  Kfffrr,  Fort- 
man,  S76  Palmetto  St. ,  Brooklyn  Borough,  N.  Y. 
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YOU  have  seen  a  man  pound  an  arbor,  and 
knock  it  all  out  of  shape  alier  time 
and  moue]'  have  been  speat  to  finish  it 
accaralely. 

A  Grexnerd  Arbor  Press  would  have  fon»d 
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PRESENT   AND   FUTURE   POLE   STARS. 


The  Impobtanck  op  the  Pole  Star — Oukious  Fact  HBOAitDiNa  tbb  Abranqbubnt  o 
PAasAOBs  IN  THE  PifHAUiDS  or  EovM^-SouTH-PoLB  Stae, 


BY  EXAMINING  attontiTely  the  general 
movements  of  the  Btsra  throogfaout  a 
clear,  darfa  night,  we  observe  that  they 
describe  circles  that  are  large  at  the  equator 
and  become  amaller  and  smaller  as  we 
approach  a  certain  point  in  the  heavens. 
This  point  is  the  north  pole  of  the  celestial 
equator. 

Close  to  this  pole  is  situsted  the  star  Alpha 
in  the  constellation  Urea  Minor,  or  Little 
Bear,  and  at  the  present  time  this  star  has 
the  distinction  of  be- 
ing the  pole  star,  or, 
to    other  words,  the 
approximate  center 
■ronnd  which  all  other 
stare  seemingly  rotate. 
The  pole  star  is,  how- 
ever, not   eiactly    at 
the  celestial  pole ;   it 
deviates  from  it  by  an 
aogalar  distance  of 
about  1°  15',  and  has  a 
small  but  sensible 
motion  around  it,  as 
well  as  a  secular  mo- 
tion that  cannot  be  detected  without  yeare 
of  laborious  observations. 

Twice  in  twenty-four  houre  the  pole  star 
is  at  its  maximum  distance  of  1°15'  from 
the  pole ;  at  all  other  times  it  ie  less  than 
this,  and  twice  in  twenty-four  hours  its 
bearing  indicates  true  north — once  at  its 
upper  and  once  at  its  loner  culmination. 
In  other  words,  the  star  indicates  true  north 
when  it  is  situated  either  vertically  above 
or  vertically  below  the  pole.    From  this  it 

COpifrighied,  1899.  by  TTie  ( 


The  "Pointbks" 


id  evident  that  the  star  never  varies  more 
than  one-eleventh  part  of  a  compass  point 
from  the  true  north ;  hence,  it  is  safe  to 
consider  it,  at  any  hour,  as  indicating  the 
celestial  north  pole   in  cases  where  great 
accuracy  ie  not  required.    It  would  indeed 
require  fine  manipalation  to  detect  a  varia- 
tion at  any  time.     The  position  of  the  pole 
star   is   very  conveniently  indicated   by  an 
imi^nary  line  drawn   between    the   stara 
Alpha  and  Beta  (see  figure)  of  the  constella- 
tion Ursa  Major,  or 
Great  Bear.  Thisline, 
when  extended  north- 
ward for  about4}  timee 
its  own  length,   will 
almost  touch  the  pole 
star.  Hence,  the  Great 
Bear  affords  an  infalli- 
ble guide  to  the  pole 
star,  and  the  two  stare 
Alpha   and  Beta  are 
called  the  "  pointere  " 
from  their  peculiarity 

ID  THE  POLE  BTAK.  °^  pOiUting    OU^  tO 

astronomere  as  well  as 
navigatore,  so  important  a  star. 

Our  present  pole  star,  however,  did  not 
always,  and  will  not  forever,  bear  the  dis- 
tinction of  being  the  most  important  among 
the  stars  in  the  northern  celestial  hemi- 
sphere. Uwing  to  the  motion  of  the  pole, 
it'will,  in  course  of  time,  about  2095  A.  D., 
approach  to  within  2B'  from  the  north  pole 
and  will  then  commence  to  recede  from  it. 
At  the  time  of  Hipparchus  ( 150  B.  C. )  it  was 
12°,  and  in  the  year  17Ki  it  was  2°  2' distant 
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from  the  north  pole.  Two  thousand  years  ago 
the  star  Beta  of  the  constellation  Ursa  Minor 
was  the  pole  star,  and  about  2,300  years 
before  the  Christian  Era  the  star  Alpha  of 
.the  constellation  Dragon  was  not  more  than 
10^  from  the  pole,  while  12,000  years  after 
the  present  time  the  brilliant  star  Vega  of 
the  constellation  Lyra  will  be  within  5°  of 
it.  These  changes,  requiring  hundreds  of 
years,  are  caused  by  what  is  known  as  ''The 
Precession  of  the  Equinoxes,"  which  means 
the  gradual  movement  of  the  equ^inozes 
toward  the  west. 

A  remarkable  fact  in  connection  with  the 
building  of  all  the  great  pyramids  of  Gizeh, 
Egypt,  is  that  the  narrow  passages  or  tun- 
nels, by  which  alone  they  can  be  entered, 
all  open  out  on  the  north  sides  of  the 
pyramids,  and  these  passages  or  tunnels  are 
inclined,  or  slope,  at  an  angle  allowing  the 
then  pole  star  (Alpha,  Dragon)  to  be  visible 
to  an  observer  stationed  at  the  bottom  of  the 
passage.  It  is  probable  that  these  passages 
were  arranged  for  the  purpose  of  observing 
the  transitions  of  the  then  pole  star. 

The  importance  of  the  pole  star  is  not 
merely  its  indication  of  the  true  north  and 
south,  thus  pointing  out  the  variations  of 
the  compass  needle,  but  it  also  serves  another 
purpose,  namely,  that  of  obtaining  the  lati- 
tude at  any  time  of  the  night  by  an  incon- 
siderable  amount  of  figuring  —  something 


which  cannot  be  accomplished  by  any 
other  star. 

If  the  pole  star  were  situated  exactly  at 
the  pole,  the  latitude  could  be  obtained  by 
the  simple  measurement  oi  its  altitude.  In 
other  words,  the  mere  measurement  of  the 
star's  true  altitude  would  give  at  once  the 
latitude  of  the  observer ;  so  that,  if  an  alti- 
tude of  30°  was  obtained,  the  latitude  of  the 
observer  would  be  30°  N. 

As  to  the  distance  of  the  present  pole  star 
from  the  earth,  it  may  be  mentioned  that  its 
light  requires  about  44.6  years  to  reach  the 
earth,  notwithstanding  the  fact  that  light 
dashes  along  with  such  inconceivable  speed 
that  it  will  cover  185,000  miles  per  second. 

The  light  from  Vega,  the  next  pole  star, 
requires  18  years  to  traverse  the  distance 
between  it  and  the  earth.  As  a  consequence, 
we  do  not  see  the  present  pole  star  as  it  is  at 
the  present  time,  but  as  it  was  44.6  years 
ago.  Indeed,  if  the  pole  star  were  blotted 
out  from  existence  today,  it  would  still  con- 
tinue to  shine  out  as  vividly  as  ever  for  44.6 
years.  So  it  is  with  all  other  stars,  according 
to  their  distances. 

The  south  pole  of  the  celestial  equator  is 
not  as  fiftvored  as  the  north  pole  by  the 
proximity  of  a  bright  star.  The  only  star 
deserving  the  name  of  the  south-pole  star  is 
one  of  the  sixth  magnitude,  and  conse- 
quently just  about  visible  to  the  naked  eye. 
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Geometrical    Progression — The   Arithmetic    Mean — Examples   Illustrating    Square, 

Cube,  and  Fifth  Root. 


THE  following  method  of  extracting  roots 
has  recently  been  called  to  the  atten- 
tion of  the  writer.  The  method  is  so 
easily  applied  and  remembered  that  the 
writer  feels  justified  in  offering  it  to  the 
readers  of  this  magazine.  We  will  start 
with  the  fifth  root. 

Let  n  be  any  number  and  a  its  fifth  root ; 
then  n  is  the  last  term,  and  a,  the  first  term 
and  also  the  ratio  of  a  geometrical  progres- 
sion of  five  terms,  which  may  be  expressed 
by  a:  a^ :  a^  '.a^ :  a*.  Here  a  is  the  first 
term,  a^  (or  n)  is  the  last  term,  and  a  is  the 
ratio.  Since  n  =  a*,  a  is  a  factor  of  n, 
it  is  evident  that,  if  we  can  resolve  n  into  5 
equal  factors,  one  of  these  factors  will  be  the 
fifth  root.    Now,  if  we  divide  n  into  5  factors. 


and  find  their  arithmetic  mean  (the  sum  of 
the  fEictors  divided  by  the  number  of  fac- 
tors), the  result  will  be  the  value  of  a, — 
exactly  or  approximately,  according  to 
whether  the  factors  are  equal  or  unequal. 
If  the  factors  are  unequal,  the  arithmetic 
mean  will  be  larger  than  the  true  value  of 
a,  when  the  product  of  the  factors  is  equal  to, 
very  nearly  equal  to,  or  exceeds  the  given 
number  n,  the  amount  of  variation  depend- 
ing on  the  degree  of  inequality  of  the  factors. 
If,  after  having  obtained  the  arithmetic 
mean,  which  we  will  designate  by  a„  we 
assume  it  to  be  the  value  of  the  ratio  of  the 
progression,  and  divide  n,  the  last  term,  by 
it,  we  shall  obtain  the  value  of  a*,  the  fourth 
term,  approximately.     Then,  dividing  this 
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value  of  a*  by  aj,  the  result  will  be  the 
approximate  value  of  a'.  So  proceeding,  we 
finally  obtain  the  approximate  value  of  a, 
the  first  term,  which  we  will  designate  by  a^. 
In  this  operation  we  have  used  o^  four  times 
as  a  divisor ;  i.  e.,  we  have  divided  n  by  Oi*. 
In  other  words,  we  have  resolved  n  into  5 
factors  Oi  X  ^1  X  fli  X  Oi  X  a''i  and  the  new 
arithmetic  mean, 

_  g,  4-  <yi  -I-  Oi  4-  «i  4-  g^ 

will  be  nearer  the  true  value  of  a  than  was 
Oj.  By  using  a,  as  the  value  of  the  ratio  and 
repeating  the  process,  the  next  arithmetic 
mean,  a,,  will  be  still  nearer  the  true  value 
of  a. 

We  will  now  apply  the  method  to  a  par- 
ticular case.  Suppose  we  wish  to  find  the 
fifth  root  of  2,571.  Call  this  number  2,500. 
This  is  equal  to5X5X10X10  =  5X5 
X  100  =  5X5X4X4X6,   nearly. 

The  arithmetic  mean  is 

o 
2,571  ^  4.8  =  535.6^5  ;  535.625  -f-  4.8  = 
111.5885  ;  111.5885-5-4.8  =  23.2476  ;  23.2476 
-5-4.8  =  4.843  =  a\ 

The  arithmetic  mean  is 

4.8  -h  4.8  -h  4.8  -I-  4.8  4-  4.843  _ 
5  ■" 


4X4.8  4-4.843 


=  4.8086  =  a,. 


Repeating  the  process,  carrying  all  results 
to  8  figures,  we  have 

2,571-^4.8086  =  534.66705;  534.66705 -f- 
4.8086  =  111.18975  ;  111.18975  -^  4.8086  = 
23.123102 ;  23.123102  -^  4.8086  =  4.8086973 
=  a''. 

The  arithmetic  mean  is 


4  X  4.8086  4-  4.8086973 


=  4.80861946  =  Oj. 


The  exact  root  to  8  figures  is  4.8086195 ; 
hence,  Og  is  the  correct  value  of  a  to  8  figures. 

The  process  is  essentially  the  same  for 
other  roots.  Thus,  for  square  root,  the 
number  would  be  divided  into  2  factors ;  for 
cube  root,  into  3  factors  ;  for  the  fourth  root, 
into  4  factors  ;  etc.  Care  should  be  taken  to 
point  o£f  the  number  into  periods,  in  the 
same  manner  as  when  extracting  roots  by 
any  other  method.  If  there  are  more  than 
two  periods  in  the  given  number,  it  would 
be  well  to  use  only  the  first  two  periods 
when  obtaining  the  value  of  ai,  or,  if  the 
first  ^riod  contains  three  figures  or  more, 
only  the  first  period.  Better  results  will  be 
obtained,  according  as  the  original  factors 
chosen  approach  equality.     Examples  illus- 


trating square  and  cube  root  will  now  be 
given. 

Find  the  cube  root  of  2,571.14.  Pointing 
off  into  periods  we  have  2^^571.  ^140.  Con- 
sidering the  first  two  periods,  and  assuming 
them  to  be  2,500,  2,500  =  10  X 10  X  25.  It 
will  be  better  to  make  the  factors  more 
nearly  equal,  the  factor  25  being  consider- 
ably larger  than  the  other  two.  This  may 
be  done  in  several  ways ;  we  will  give  two. 

Mrst:  2,500  =  10 "x  10  X  25  =  10  X  250 
=  lOX  16  X  15.6*  =  15.6  X  160  =  15.6 
X  13  X  12.3  *;  from  which 

15.6  4- 13  4- 12.3 
3 


Cl  = 


=  13.6.* 


Second :  Choose  a  larger  value  for  one  of  the 
two  equal  factors  ;  square  it,  and  divide  2,500 
by  the  result.  Thus,  choosing  14,  the  square 
is  196 ;  call  it  200.  Then,  2,500  ^  200  =  12.5 ; 
2,500  =  14  X  14  X  12.5,  nearly,  and 

14  -h  14  4- 12.5 
«i  =  


3 


=  13.5. 


Either  of  these  values  may  be  used,  but, 
since  2,500  is  quite  a  little  less  than  2,571, 
we  will  use  13.6  for  aj.  In  obtaining  the 
value  of  0,,  it  is  not  necessary  to  use  more 
than  the  first  two  periods,  but  nevertheless 
we  use  all  the  figures.  2,571.14-5-13.6  = 
1S9.054  :    189.054  -^  13.6  =  13.9014-  =  a^. 

Hence, 
a,  =  13.6 +  13.6 +  13.901  ^  13.70OI,  say  13.7. 

Repeating  the  process,  2,571.14  ^13.7  = 
187.67445  ;     187.67445  -s-  13.7    =   13.698865 


=r  a 


// 


Hence, 


a,  =  13-7  +  13.7  +  13.698865  ^  ^3  ^^^^2. 

The  exact  root  to  8  figures  is  13.699622. 

Had  Oi  been  taken  as  13.5,  the  resulting 
value  of  a^  would  have  been  14.107,  and  of 
0,,  13.7023,  a  value  slightly  greater  than  that 
previously  obtained.  It  is  apparent  that 
the  nearer  the  values  of  a^  and  02  approach 
equality,  the  more  nearly  correct  will  the 
value  of  a,  be  ;  in  fact,  if  there  is  consider- 
able difference,  it  would  probably  be  well  to 
increase  or  decrease  the  value  of  O)  slightly, 
and  recalculate  o^. 

We  will  now  find  the  square  root  of 
1,971.14.  Pointing  off  into  periods,  we  have 
19^71.^^14.  Using  the  first  two  periods,  and 
assuming  them  to  be  2,000,  2,000  =  50X40. 
The  arithmetic  mean  of  the  two  factors  is 

— ^  —  =  45 ;  45,  however,  is  a  little  too 

large,  so  we  assume  it  to  be  44  and  divide 


*  Exact  results  are  not  required. 
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the  first  two  periods  bjr  44,  carrying  the 
reault  to  3  figures,  obtwninjt  1,971  -^  44 
=  44.8.     Hence,  1,971  =  44  X  -H-S,  nearly ; 

Now,  using  all  the  figures,  1,971.14  -•-  44.4 
=  44.395-1-  =  a';  and 

,^.«-i+^"'»  =44,3975. 

TBking44.3Q7fora,and  repeating  the  proc- 
ess,  1,971.14    ;-  44.397  =  44.398044  =  a"; 

""-i*-?"  if-""?*'.  44,397622. 

.    The  exact  root  16  8  figures  is  44.397522. 


Bince  the  valuee  of  a'  and  a,  are  very 
nearly  equal,  their  fifth  figures  difieriug  by 
less  tha,D  2i  unite,  we  should  have  been  justi- 
fied in  using  fl  figures  for  a,,  and  the  resulting 
value  of  0,  would  have  been  correct  to  10  or 
more  figur«s — in  this  case,  probably  to  13 
figures. 

It  is  seldom  neceaeary  to  carry  the  work  to 
BO  many  figures  as  has  been  done  in  the  fore- 
going examples ;  it  was  so  done  here  merely 
to  show  the  accuracy  of  the  method.  In 
foot,  if  care  be  taken  to  make  the  values  of 
a,  and  a'  agree  to  3  figoree,  the  value  of  a, 
will  be  correct  to  at  least  5  and  generally  to 
6  figures,  and  it  will  not  be  neceeeary  to  cal- 
culate the  value  of  o,  unless  greater  accuracy 
is  required. 


ORNAMENTAL   DESIGN 


■  Allen   Oaborne. 


WHEN  yon  look  at  the  wall  paper  of  a 
room,  the  carpet  covering  the  floor, 
or  the  printed  design  of  a  calico  dress 

or  a  silk  waist,  does  it  ever  occur  to  you 
that,  though  the  design  is  representative 
of  rosee,  lilies,  poppies, 
or  other  floral  cliiatere, 
in  reality  they  are  a 
long  way  from  a  good 
counterfeit  of  the  or^[- 
inal  article  nf  nature? 
On  the  other  hand, 
how  often  have  you 
looked  upon  a  painting 
of  a  bunch  of  bright- 
colored  flowers  in  a 
vase  and  felt  almost 
inclined  to  reach  out 
and  touch  the  canvas, 
_     .  so    natural    did    they 

appear?  Why,  then, 
do  we  find  one  representation  so  like  the 
ori^nal  article  and  another  one  so  different? 
When  we  are  told  that  the  carpet  design, 
the  wall  paper,  and  the  calico  print  are 
conrerUionalited  patterns,  we  leam  little,  and 
many  a  misguided  man  is  today  under  the 
impression  that  the  conventionalized  design 
is  simply  a  name  applied  to  a  class  of  orna- 
ment that  does  not  strongly  resemble  what 
it  is  intended  to  represent. 


Designs— How   to    Study    Flowebs — Why   Naturalistic 
FoLiAOE  Are  Not  Aiwayb  Used  in  Dbsionr. 


This,  however,  is  not  true,  as  a  little  study 
of  the  conditions  governing  the  art  of  orna- 
mental design  will  soon  convince  us. 

The  object  of  this  article  is  not  to  te«ch 
dei'orative  design,  but  simply  to  suggest  a 
few  words  of  advice  to  those  that  may  be 
contemplating  its  study  and  do  not  know 
whereto  begin,  or  to  those  of  whom  so  many 
questions  are  often  asked  as  to  why  designs 
are  not  made  more  "natural";  the  former 
being  of  the  class  that  may  at  some  time 


design  the  goodp,  and  the  latter  of  the  claaa 
that  must  sell  them  to  exacting  and  inqvusi- 
tive  cuBtomers, 
In  the  first  place,  let  us  consider  what 
an    ornament.    In    its    geaeral 
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Mnee,  an  omament  ie  aomething  to  please 
the  eye ;  it  may  be  a  colored  bead,  or  a 
string  of  them,  or  it  maj  be  a  finger  ring  or 
a  bracelet,  or  it  may  be  a  flower  worn  in  the 
bur  or  at  the  throat ;  such  objects  are  orna- 
ments   pure  and   simple,   and,   practically, 
may  be  considered  the  most  nseleea  thlnga 
on  earth.    However,  they  give  db  a  certain 
eenee  of  pleasure ;  they  distract  our  minds 
from  the  continuous  contemplation  of  more 
serious  things, 
and  therefore 
have  th^  par- 
pose   in   the 
world;    but 
nevertheless, 
these  objects, 
strictly    speak - 

products  of  or- 
namental de- 
sign. 

Ornament,  in 
its  nobler  senae, 
consists  of  that 
which  is  added 
to,  or  devel- 
oped from,  ob- 
jects of  bare 
utility,  to  make 
them  agreeable 
to  Ibe  eye,  and 
therefore  beau- 
tiful. It  is  nec- 
essary that  an 
object  should 
first  be  useful 
before  it  comes 
before  the  mind 
of  the  decora- 
live  deeigner  to 
be  rendered 
beantifnl.  Or- 
namental or 
decorative  de- 
sign, therefore, 


be  happy  under  such  circumstances,  so  we 
weave  in  our  carpet  fantastic  patterns  in 
which  are  biendMl  many  colors  to  please 
the  eye.    Our  walls  are  papered  or  stenciled 
to  represent  a  somewhat  stiff  geometrical 
ornament  that  can  scarcely  be  distinguished 
a  Utile  way  off,  and  over  'onr  doors  and 
windows  we  hang  draperies  and  blinds  to 
aubdne  the  light  and  add  to  the  harmony  of 
colors  surrounding  the  room.    The  absolute 
necessities  of 
health  and  com- 
fort have  been 
rendered  beau- 
tiful by  the  art 
of  decorative 

Now,  let  us 
consider    for    a 
why 


we  make  the 
patterns  for  our 


walls  pictures 
that  in  many 
cases  are  as  close 
a  counterfeit  of 
nature  as  they 
can  be  made.  In 
the  first  place, 
the  framed  pic- 
tureon  our  walls 


is  th 


inderi 


t  of 
g  an 


article  useful 
and  beautiful  at  the  same  time.  To  return  to 
our  carpet,  for  instance  ;  it  is  necessary  that 
rmz  floor  shall  be  covered  with  some  mate- 
rial that  will  deaden  the  noise,  keep  out  the 
drafts,  and  not  readily  wear  out  in  use; 
painted  canvas  or  heavy  burlap  might  serve 
that  purpose,  bat  how  would  it  loot?  Our 
walls  might  be  left  in  their  plain  brown 
mortar  or  with  a  dead-white  coat,  but  what 
an  unsightly  surrounding.    No!  we  cannot 


pie ;   its  single 
purpose  is  to  be 
beantiful—beau' 
tiful  as  a  conn- 
terfeit  of  nature, 
or  beautiful   as 
the  expression 
of  individuality 
of  the  artist  that 
painted  it.  Sup- 
pose  that  our 
wall   paper  has 
been  designed  with  natural  bunches  of  red 
roHCs  or  yellow  goideiirod  and  the  pattern 
repeated  unlimitedly  all  around  the  room. 
Bright  patches  of  red  or  yellow  flowers  and 
green  leaves  would  be  everywhere  apparent 
all  over  the  wail— the  colors  being  out  of 
harmony  in  some  places  with  the  surround- 
ings, and   the   pictures   hung    on   the   wall 
looking  ghastly  by  the  contrast.     Here  we 
would  have  what  purports  to  be  a  numbei 
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of  bancbes  of  flowera,  and  yet  the  verj  idea 
ia  contradictoiT,  for  no  one  ever  saw  two 
bunches  of  flowers  essctly  alike  in  shape, 
perfection,  or  color,  and  yet  theee  bnnches 
are  as  nearly  identical  aa  a  printing  machine 


can  make  them.  Therefore,  our  "  natural " 
bnnches  of  flowers  are  not  aa  tliey  would  be 
in  nature,  and,  paradoxical  oe  it  may  seem, 
they  are  ' '  unnatural. "  Moreover,  it  is 
impossible,  with  such  a  device,  to  deceive 
the  eye  into  the  belief  that  there  ore  actual 
bunches  of  rosea  on  tlie  wall ;  they  say 
plainly,  "Thie  wall  ie  papered."  No;  a 
picture  ia  a  picture,  and  muat  be  framed 
and  treated  as  a  picture,  but  our  wall  paper 
ia  for  a  practical  purpose  and  its  ornamental 
features  muat  be  governed  accordingly. 

Our  carpet  is  a  floor  covering  fiiat  and 
foremoat,  and  if  we  weave  into  ita  fabric 
colored  threada  to  represent  a  flower,  we 
must  make  that  a  "woven  flower,"  not  a 
lying  imitation  of  nature. 

Tbia  reduction  of  flower  forms  to  certain 
governable  principles,  aometimea  geometric, 
and  at  others  apparently 
unrestrained,  ie  called  con- 
ventionaliam,  and  ita  auc- 
eeeaflil  interpretation  ia  one 
ofthemoet  important  talents 
in  the  designer's  service. 
The  ancient  Egyptians  and 
the  Greeka  carried 
tionalism  so  for  that  in  many 
cases  it  is  with  the  utmoat 
difficulty  one  can  tell  from 
what  type  the  design  is  de- 
rived. Take,  for  instance. 
Fig.  1,  which  ia  an  outline 
drawing  of  the  Egyptian 
lotua  blosBOm  \  the  outside  and  moat  promi- 
nent leaves  a  are  of  a  deep-green  color,  while 
the  inner  leaves  bare  purple  at  the  tip,  blend- 
ing off  to  orange  at  c  and  to  pure  white  at  d. 
Compare  thia  with  Fig.  2,  which  shows  the 


aI.Ia 


conventionalixed  lotua.  Here  the  exterior 
leaves  a  are  still  dark  green  and  are  the  most 
prominent  detail  of  the  design  ;  the  leaves  b 
are  green  also,  but  of  a  l^hter  color,  but  the 
petals  e  are  red  and  the  background  d  is  a 
deep  yellow.  Noman  would  ever  take  Fig.  2 
for  a  counterfeit  imitation  of  Fig.  1,  either  in 
color  or  outline,  and  yet  there  is  no  doubt 
that  it  is  intended  for  a  oonventionaliied 
lotua  bloeaom.  The  deepr-green  calyx  cbar- 
acterietic  of  the  flower  ia  preserved  in  the 
conventional  design.  The  purple,  white, 
and  orange  petals  that  conatitute  the  center 
of  the  natural  blossom  are  replaced  in  the 
design  by  the  primary  colors,  red  and  yellow, 
that  make  up  the  orange  of  the  center,  and 
the  efiect  when  viewed  ftom  afar  ia  very 
much  the  same.  The  principal  charscter- 
iatics  of  the  flower  have  all  been  retained  in 
the  conventional  form,  but  all  imitation  of 
nature  baa  been  avoided.  In  Fig.  5  a  still 
more  conventional  rendering  of  the  flower 


ie  seen.  In  this  example,  no  color  ie  used, 
and,  therefore,  all  of  tbe  interior  petals  are 
omitted.  The  three  characteristic  extoior 
petals  are  retained,  and  the  heart  of  the 
flower  is  rendered  in  a  half  tone.  Many 
Egyptian  wall  paintings  are  decorated  with 
lotua  bonda  and  borders  whose  conventional- 
ized outline  is  aa  aimple  aa  Fig.  6. 

Having  thua  conaidered  the  lotua  in  its 
natural  and  conventional  outline,  let  OB 
look  at  one  of  our  local  flowers  and  con- 
aider  its  poaaibilitiee  in  conventional  design. 
In  Fig,  3  ia  shown  the  natural  boneyauckle 
vine  and  blossom.  Now,  what  are  ita  moat 
striking  characteristics  7  A  little  study  of 
the  flower  showa  us  a  cluster  of  long  and 
somewhat  pear-ahaped  buds,  sometimes  on 
the  end  of  the  same  atem  with  a  number  of 
trumpet-shaped  blossoms  whoae  edges  curl 
over,  and  from  whoae  centers  protrude  a 
number  of  fine  hair-like   pistils.    In   fact, 
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this  seems  to  describe  all  the  characteristics 
of  the  flower,  except,  perhaps,  that  the  open 
blossoms  seem  to  be  on  the  outside  of  the 
buds,  those  at  the  center  opening  last. 

Fig.  4  shows  us  these  characteristics  ar- 
ranged geometrically,  and  it  requires  but 
little  imagination  to  recognize  the  blossom. 
All  the  characteristics  are  there  arranged 
systematically  in  the  order  nature  intended 
them.  Thus,  we  have  a  conventional  honey- 
suckle blossom.  The  study  of  animal,  plant, 
and  insect  forms,  for  the  purpose  of  embody- 
ing their  characteristic  features  in  a  conven- 
tional design,  requires  that  the  designer 
shall  give  close  attention  to  the  subject  he  is 
to  conventionalize.  A  general  knowledge  of 
structural  botany  enables  him  to  accentuate 
those  details  of  plant  life  that  characterize 
the  particular  plant  forming  the  theme  of 
his  design,  without  interfering  with  the 
mechanical  details  of  the  article's  manu- 
£eu:ture  or  with  its  utilitarian  and  ornamen- 
tal purpose. 

A  good  way  to  impress  upon  the  memory 
these  structural  details  is  to  draw  the  leaf 
and  blossom  out  on  geometrical  lines  and 
study  each  important  detail  of  its  formation 
as  we  proceed. 

Fig.  6  shows  such  an  analysis  of  the 
common  dogrose.  At  (a)  is  a  view  of  the 
flower,  looking  into  its  center,  but  the  leaves 


are  flattened  out  as  though  they  had  been 
pressed.  At  (6)  is  a  geometrical  side  view 
of  the  blossom,  showing  the  character  of  its 
outline.  At  (c)  is  a  side  view  of  the  bud 
and  its  enclosing  calyx,  while  at  {d)  is  a 
spray  of  the  pressed  leaves,  showing  all  their 
characteristic  details. 

A  similar  analysis  can  be  made  of  any 
flower,  and,  once  made,  the  structural  knowl- 
edge so  acquired  is  not  easily  forgotten. 

Even  though  a  person  is  not  directly 
interested  in  the  subject  of  ornamental 
design,  it  is  a  satisfaction  and  intellectual 
advantage  to  be  able  to  read  a  design  intel- 
ligently and  comprehend  the  ingenuity  dis- 
played by  the  designer  in  the  adoption  of  a 
flower  or  vine  to  the  exigencies  of  the  case 
in  hand. 

To  paint  a  rose  so  realistic  that  one 
imagines  he  can  almost  inhale  its  perfume 
requires  the  inherent  talent  of  the  artist,  but 
to  design  a  rose  pattern  so  that  it  may  be 
woven,  printed,  or  wrought,  requires  both 
the  talent  of  the  artist  and  the  skill  of  the 
artisan. 

The  talent  must  be  bom  in  the  man ;  it 
cannot  be  acquired,  though  we  all  possess 
it  to  some  extent,  but  the  skill  and  dexterity 
are  details  that  are  acquired  by  study  and 
practice,  and  are  thus  within  the  reach  of 
every  one. 
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A  STIRRING  appeal  has  been  made  to  the 
people  at  large  by  the  Secretary  of 
War  of  the  United  States  for  contri- 
butions, prompt  and  generous,  in  aid  of  the 
thousands  of  suflerers  left  homeless  and  in 
starvation  by  the  recent  disastrous  hurricane 
which  swept  over  Porto  Rico.  Accurate 
reports  state  that  several  thousand  human 
lives  were  lost,  hundreds  of  thousands  of 
once  happy  homes  were  destroyed,  crops 
were  everywhere  utterly  ruined,  and  many 
thousands  of  human  beings  are  literally 
starving  for  want  of  food.  Hungry,  house- 
less, with  scarcely  any  clothing  left  to  cover 
their  nakedness,  the  unfortunate  survivors 
are  threatened  with  the  additional  horrors  of 
a  plague.  Crowds  of  women,  old  men,  and 
helpless  little  ones  are  encountered  on  every 
hand,  piteously  begging  for  food  and  shelter. 
Over  90  per  cent,  of  the  houses  have  been 
demolished,  and  in  many  places  the  furious 
onset  of  the  sea  has  swept  away  almost 
every  vestige  of  flourishing  little  towns  and 


villages.  From  Adjuntas,  Guayamas,  Zabu- 
coa,  Mayaguez,  Maunabo,  Arroyo,  and  other 
localities,  the  loss  of  life  has  been  appalling. 

Mayor  Samuel  H.  Ashbridge  and  the 
Citizens'  Permanent  Relief  Committee  of 
Philadelphia  have  organized  a  Citizens' 
Porto  Rico  Relief  Fund,  and  our  readers  are 
asked  to  contribute  to  it  and  to  send  their 
contributions  either  to  Hon.  Samuel  H. 
Ashbridge,  Mayor  of  Philadelphia,  or  to 
Messrs.  Drexel  &  Co.,  Treasurers  Porto  Rico 
Relief  Fund,  Fifth  and  Chestnut  Streets, 
Philadelphia. 

The  Secretary  of  War  has  assigned  the 
United  States  auxiliary  cruiser  ** Panther" 
to  Philadelphia,  from  which  port  she  will 
sail,  loaded  with  the  food,  etc.  donated  by 
the  big-hearted  men,  women,  and  children 
of  Pennsylvania,  who  have  never  failed  to 
respond,  heartily  and  liberally,  to  the  appeal 
of  the  distressed. 

All  contributions  of  money,  however  small, 
will  be  gladly  received  and  acknowledged. 
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A  GREAT  deal  more  could  be  said  about 
alterations,  such  as  have  been  made 
examples  of  in  the  previous  articles, 
and  in  which  the  strength  and  properties  of 
material  are,  lEii^ly,thedetermining factors. 
The  subject  of  frames  ia  a  epocial  study  in 
iteelf,  a  very  inetractive,  and,  therefore,  pay- 
ing one  for  the  student  to  follow  up.  We 
have  seen  it  iavcdve  laborious  work,  which, 
however,  growing  familiarity  with  the  sub- 
ject greatly  lightens,  as  the  progreesiDg 
designer  will  acquire  gradually  what  roay 
properly  be  termed  "notions"  on  the  proper 
shape  and  strength  of  machine  parts  that 
will  enable  him  to  hit  pretty  close  to  the  final 
results  at  the  first  guess,  making  repeated 
calculations  unnecessary.  Such  notions  con- 
stitute a  great  portion  of  the  experience  of 


the  designer,  and  it  is  remarkable  how  close 
an  experienced  man  will  estimate. 

The  reader  must  not  confound  notions 
with  talent,  ingenuity,  or  intuition.  The 
former  have  nothing  to  do  with  these  attri- 
butes ;  they  are  more  of  the  nature  of  habits, 
and,  like  habits,  may  he  good  or  bad  ones. 
The  good  notions  are  acquired  by  training, 
preserved  by  constant  checking,  and  refined 
by  continually  taking  note  of  things.  The 
bod  ones  are  mostly  inherited.  They  are 
with  us  to  a  greater  extent  than  is  generally 
realized,  and  in  the  art  of  machine  designing 
are  quite  strikingly  apparent  more  or  leas  in 
all  classes  of  machinery,  and  are  no  small 
impediment  in  the  development  of  synthetic 


designing.  Thus,  it  has  taken  many  years 
to  eliminate  the  resemblance  to  a  stage 
coach  from  the  railroad  car,  and  it  will  take 
a  long  time  to  eradicate  the  horse  from  the 
horseless  carriage,  so  that  it  may  be  lees 
carriage  than  the  automobile  is  aa  yet 
We  have  but  to  look  into  the  detuls  of 
various  kinds  of  machinery  to  find  bad 
notions  embodied  everywhere,  and  it  ia  as 
good  as  a  year  in  college  to  be  able  to 
see  them.  Thus,  wrong  notions  about  the 
strength  and  stiffness  of  machine  parts, 
frames,  and  other  details  are  most  conspicu- 
ous in  certain  classes  of  labor-saving  machin- 
ery, agricultural  nuwhincs,  and  all  such  con- 
trivances that  perform  their  functions  merely 
by  virtue  of  their  ingenious  mechanisms, 
and  in  which  strength  of  material  does  not 
come  into  play  much  beyond  the  necessity 
of  keeping  the  parts  together.  In  these 
machines  we  still  admii«  the  art  of  the 
patternmaker  of  bygone  days :  beautifiiUy 
curved  tegs  [(o).  Fig.  1],  graceful  contoured 
side  frames  [(6),  Fig.  1],  medieval  S  cranks, 
and  ogee  pulley  arms.  In  most  of  these 
cases,  the  crookedness  of  the  parts  men- 
tioned does  no  particular  harm,  but  certainly 
no  good,  and  a  designer  should  not  sin  any 
more  than  any  other  mortal  just  because  he 
is  notlikely  tobefoundout;  beeidee,  in  devi- 
ating from  the  right  principles  and  getting 
in  the  habit  of  doing-so  he  digs  himself  a  pit 
into  which  he  is  sure  to  fall,  sooner  or  lat«r, 
as  it  will  lead  him  to  intioduce  the  same 
artistic  designing  into  machinery  where  it 
positively  does  harm. 

One  still,  occasionally,  comes  across  ma- 
chine tools  on  which  the  greatest  ingenuity 
has  been  displayed  in  the  endeavor  to  pro- 
duce a  maximum  degree  of  exactitude  in 
the  finished  product,  but  without  avail  on 
account  of  wrong  notions  in  shaping  and 
proportioning  the  details.  This  is  notably 
the  case  with  the  fyamea  of  snch  machine 
tools.  It  is  impossible  to  calculate  the 
amount  of  defl.ection  of  the  same,  the  forces 
acting  oD  them  being  comparatively  small, 
indefinite  in  magnitude  and  direction,  so 
that  aright  notion  of  the  most  suitable  shape 
to  insure  Btifihees  ia  of  the  greatest  impor- 
tance.   In  the  earlier  days  of  machine  tools. 
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the  frames  of  lathes,  driUs,  etc.  showed 
decided  architectural  design ;  the  necessity 
of  greater  stiffness  was,  however,  very  soon 
realized,  and  the  frames  b^an  to  be  built 


Fig.  2. 

heavier,  which  only  partly  fulfilled  the  , 
requirements,  inasmuch  as  the  end  was 
gained  by  unnecessary  expense  for  material. 
Today,  the  hollow  or  box  frame,  with  its 
plain,  shapely,  outside  appearance  and 
proper  distribution  of  material,  is  almost 
universely  adopted  as  giving  the  most  stiff- 
ness with  the  least  amount  of  material.  One 
hardly  ever  thinks  of  using  any  other  but 
this  system,  nowadays,  for  8uch  frames ;  it 
has  become  a  well-founded,  good,  and  firm 
notion  with  machine-tool  designers. 

As  important  as  it  is  to  acquire  correct 
notions,  it  is  equally  so  to  get  rid  of  bad 
ones.  There  seems  to  be  a  certain  innate 
weakness  with  most  geniuses  in  the  mechan- 
ical line  to  make  things  as  crooked  as  possible. 
For  no  apparent  reason,  levers  are  bent  and 
rods  given  a  kink,  castings  embellished  with 
ribs  where  they  should  not  be,  etc.  Fig.  1 
afifords  a  mild  example  of  what  we  mean. 
If  the  would-be  designer  discovers  any 
symptoms  of  such  a  weakness  he  had  better 
combat  it  at  the  very  beginning.  As  strong 
prophylactics,  the  following  two  prescriptions 
are  recommended ;  ( 1 )  Uae  straigJd  or  circular 
outlines  whenever  possible,  (2)  Make  your  details 
as  symmetrical  to  the  directions  of  the  forces 
acting  on  them  as  the  case  ivill  admit.  Con- 
sideration of  the  fact  that  irregular-shaped 


machine  parts  cause  dif^culties  and  conse- 
quent expense  to  the  pattern  shop,  foundry, 
and  machine  shop  alike,  will  amply  demon- 
strate the  correctness  of  the  first  rule.  With 
regard  to  the  second,  examples  will  be  given 
later  on  that  will  show  its  effectiveness. 

As  long  as  the  work  of  the  young  designer 
is  confined  to  alterations  of  existing  designs 
he  will  naturally  follow  the  originals  with 
r^ard  to  shapes.  When,  however,  some- 
thing entirely  new  is  to  be  made,  he  is 
required  to  use  his  own  judgment.  The 
information  that  reaches  him  from  his 
superior,  in  most  cases,  consists  of  draw- 
ings and  sketches  showing  a  mere  mess  of 
center  lines,  paths,  and  positions,  a  few  sug- 
gestions as  to  details,  perhaps,  notes  con- 
taining fundamental  data,  and  the  gross 
dimensions  calculated  therefrom.  From  this 
information,  which  constitutes  the  scheme  of 
the  design,  the  practical  working  machine 
must  be  evolved  ;  as  it  were,  flesh  must  be 
built  around  the  skeleton.  This  work  is 
called  detailing^  and  is  the  very  soul  and  life 
of  the  designer's  art.  Its  importance  has 
been  and  still  is,  to  a  great  extent,  greatly 
underrated  in  our  institutions  of  learning. 
It  is,  however,  to  be  stated  with  a  great 
deal  of  satisfaction  that  attention  is  being 


Fig.  3. 

directed  to  it  more  and  more,  and  that 
so-called  courses  on  machine  design  will 
soon  cease  to  be  mere  lessons  in  mechan- 
ical drawing,  with  a  few  typical  machine 


394 


DESIGNING  MACHINERY. 


Vn.  ■CCNMie  MTt  MMZIIL 

Fig.  4. 


parts  and  empirical  formulas  to  match,  as 
examples.  Nevertheless,  skill  in  detailing 
will  forever  have  to  be  acquired  by  practical 
work. 

The  mode  of  procedure  in  detailing   is 
generally  the  following :    The  scheme  is  first 

carefully  studied,  and  in 
doing  so  the  detailist  con- 
tinually forms  ideas  as  to 
the  probable  shape  of  the 
various  parts,  links,  lev- 
ers, bearings,  etc.  It  is 
in  this  phase  of  the  proc- 
ess that  the  ''notions'' 
play  their  important  part 
To  a  great  extent  the  same 
process  must  naturally 
have  been  gone  through 
by  the  head  man  in 
scheming,  and  many  de- 
signers prefer  to  com- 
pletely lay  out  the  whole 
machine,  especially  if  it 
be  a  complicated  one,  in 
which  interference  of 
parts  may  easily  be  en- 
countered^  Id  such  a 
case,  nothing  remains  for 
the  detailist  to  do  but  to 
take  every  detail  part  from  the  preliminary 
dmgriy  as  the  scheme  may  then  be  properly 
called,  test  it  as  to  its  strength,  give  it 
the  proper  dimensions  and  fit  it  back  again, 
the  result  of  his  labors  being  a  set  of  pen- 
cil drawings,  containing  every  piece  in 
detail,  as  well  as  various  views  of  the  com- 
pleted machine  and  parts  of  the  mechanism, 
if  necessary.  These  views  will  naturally  be, 
unless  some  serious  deviations  have  become 
necessary  duringthe  detailing  process,  revised 
editions  of  the  original  or  preliminary  design. 
With  a  good  detailist  for  an  assistant,  the 
scheming  designer  can  reduce  his  labors,  and, 
consequently,  expenses,  to  a  minimum,  going 
into  detail  only  at  such  points  where  unusual 
diflSculty  arises,  and,  therefore,  extraordi- 
nary methods  must  be  resorted  to.  In  such 
a  case,  then,  the  detailist  must  supply  the 
rest,  develop  the  other  details  in  shape  as 
well  as  proportions ;  in  other  words,  he 
must  complete  the  preliminary  design  first, 
from  which  the  set  of  drawings,  referred  to 
above,  are  then  made.  As  we  have  hereto- 
fore supposed  the  young  designer  to  be  an 
expert  mechanical  draftsman,  there  is  no 
need  of  going  into  any  deliberations  about 
the  mechanical  execution  of  this  work  with 
regard  to  scales,  selection  of  views,  sec- 
tions, etc.,  but  we  deem  it  necessary  to  draw 


attention  to  the  following :  The  set  of  pen- 
cil drawings  mentioned,  being  the  result  of 
considerable  labor  and  thought,  represent 
an  investment,  the  value  of  which  should 
be  preserved.  This  is  not  always  done. 
Whereas,  in  a  great  many  drafting  rooms, 
designers  are  required  to  make  their  own 
tracings,  they  are  apt  to  be  slouchy  in  the 
execution  of  the  penciled  sheets,  omitting 
fillet  and  finishing  marks,  dimension  figures, 
and  other  notes  necessary  for  the  shop, 
leaving  all  this  to  be  filled  in  when  the  tra- 
cing is  made,  the  latter  being  considered  the 
final  document  of  value.  This  is  not  the 
case,  however ;  it  is  simply  a  copy  on  trans- 
parent material  for  the  purpose  of  photo- 
graphic reproduction,  and  should  it  become 
lost,  or  the  design  require  alteration,  it  will 
be  necessary  to  go  back  to  the  original, 
which,  when  executed  in  a  careless  way, 
will  make  the  preparation  of  a  new  tracing 
expensive,  be  it  either  the  same  or  an  altered 
design,  since  it  will  require  constant  refer- 
ence to  the  old  tracing,  or  a  blueprint  copy 
of  it,  and,  in  case  neither  is  at  hand,  a 
great  deal  of  work  already  done  must  be 
gone  over  again,  even  if  the  same  man  that 
made  the  original  pencil  drawing  is  to  make 
the  tracing.  It  is  clearly  seen  that  matters 
are  worse  when  the  tracing  is  to  be  done  by 
another  man,  to  say  nothing  of  trying  to 
save  money  by  having  such  work  given  over 
to  tracer  boys,  which  may  be  confidently 
done  with  considerable  economy  in  case 
pencil  drawings  are  neatly  and  in  every 
respect  completely  finished.  By  this  we 
do  not  mean  to  recommend  ''inking  in'' 
original  drawings,  nor  the 
careful  erasure  of  all  aux- 
iliary lines  due  to  graph- 
ical solutions  of  stress 
problems,  construction  of 
angles,  finding  of  centers, 
etc. ;  on  the  contrary,  the 
original  should  remain  in 
pencil,  so  that  if  at  any 
future  time  it  should  come 
about  that  certain  por- 
tions of  the  design  are 
definitely  abandoned,  the 
lines  representing  them 
may  be  easily  erased,  and  auxiliary  lines, 
as  well  as  any  notes  giving  reasons  why 
such  and  such  a  part  was  made  in  the 
manner  shown,  should  be  carefully  pre- 
served ;  they  will  come  handy  when  any 
alterations  are  called  for.  It  is  true  that 
these  lines  make  it  more  difficult  for  a  tracer 
to  do  his  work,  and  it  is  the  designer's  duty» 
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in  justice  to  the  boy,  to  distinguish  the  lines 
to  be  traced  from  those  to  be  left  out  This 
can  easily  be  done  by  going  over  the  former 
as  a  sort  of  finishing  touch  with  a  hard 
pencil,  giving  it  more  than  ordinary  pres- 
sure ;  the  lines  thus  treated  will  show  much 
more  plainly  through  the  cloth  than  the 
naturally  fiaint  auxiliary  ones. 

After  this  digression,  let  us  take  up  an 
example  in  detailing  to  show  the  workings 
of  the  two  rules  given  above,  together  with 
a  number  of  other  things.  Let  Fig.  2  be  a 
portion  of  a  "  scheme  *'  handed  down  to  the 
.  detailist.  It  shows  a  very  simple  feed-motion. 
On  the  shaft  -4,  which  moves  at  a  uniform 
speed,  is  a  crank-disk  B  with  pin  D ;  a  rod 
L  connects  this  disk  with  a  lever  i2,  having 
a  pawl  attached  to  it  that  meshes  with  a 
ratchet  wheel.  The  latter  sits  on  a  shaft, 
which  also  carries  a  gear,  transmitting  motion 
to  another  gear  attached  to  a  feed-screw. 
The  first  thing  to  do  with  this  is  to  carefully 
study  it,  and  in  doing  so  we  will  find  that 
there  is  more  to  study  about  it  than  might 
appear  on  first  sight.  Inasmuch  as  the  rule 
given  above  bids  us  consider  the  forces  acting 
on  the  various  parts,  we  shall  follow  them 
up.  A  certain  force  will  be  necessary  to 
turn  the  feed-screw,  and,  supposing  this  to 
be  the  same  during  the  whole  duration  of 
the  feed,  there  miist  be  a  uniform  push  P  at 
the  end  of  the  lever  R,  and  at  right  angles 
to  it ;  this  push  is  supplied  from  the  rod  L, 
which,  in  order  to  do  so,  must  also  exert  a 
push  or  pull  on  the  direction  of  the  length 
of  the  lever  R,  Laying  these  forces  out, 
according  to  the  parallelogram  of  forces,  as 
has  been  done  in  Fig.  2,  the  fact  is  revealed 
that  at  the  beginning  of  the  stroke  the  radial 
force  C  is  in  the  direction  of  the  shaft; 
that  is,  it  subjects  each  section  of  lever  R  to 
compressive  stress ;  at  the  end  of  the  stroke 
the  radial  force  T  is  in  the  opposite  direction, 
subjecting  the  lever  to  tension,  but  in  magni- 
tude equal  to  C.  The  bending  effect  of  the 
force  P  is  equal  in  both  cases,  and  so  is  the 
push  W  on  the  rod  L.  This  state  of  affairs 
is  evidently  not  accidental,  but  intentional, 
on  the  part  of  the  one  that  schemed  the 
mechanism,  and  he  expects  the  detailist  to 
see  it.  By  this  arrangement,  the  forces  act- 
ing on  L  and  R  are  as  uniform  throughout 
the  stroke  as  the  case  will  allow,  the  maxi- 
mum stress  being  the  same  at  the  beginning 
as  at  the  end,  and,  in  the  case  of  the  lever 
R,  a  compressive  stress  at  the  beginning  and 
a  tensile  stress  at  the  end,  allowing  the  use  of 
iron  or  steel,  as  specified,  in  making  the  sec- 
tion of  the  lever  perfectly  symmetrical.    Let 


us  see  what  the  outcome  would  be  if  the 
designer,  instead  of  planning  in  symmetry 
with  the  acting  forces,  had  followed  his  sense 
of  beauty  and  made  the  lever  swing  an  equal 
distance  above  and  below  the  horizontal  line 
XY.  Following  up  the  forces,  as  done  in 
Fig.  3,  one  will  see  that,  at  the  end  of  the 
stroke,  the  force  W  necessary  to  be  supplied 
by  the  rod  in  order  to  have  the  same  tan- 
gential force,  Pmust  be  considerably  greater, 
and  the  pull  T,  on  the  lever,  will  also  be 
much  greater,  necessitating  a  larger  section 
of  the  same.  At  the  beginning  of  the  stroke 
the  stresses  are  much  smaller ;  in  our  par- 
ticular case,  T  disappears  and  W  becomes 
P,  so  that  for  all  other  positions,  except  the 
stroke  end,  the  increased  section  is  sheer 
waste  of  material.  Now,  this  certainly  does 
not  amount  to  much  in  dollars  and  cents 
when  the  forces  are  small,  as  in  the  feed- 
mechanism  of  a  machine  tool,  and  the 
various  parts,  such  as  lever  R  and  rod  Z,  are 
probably  more  than  three  or  four  times 
stronger  than  necessary  ;  but  it  may  amount 
to  a  great  deal  when  a  similar  arrangement 
is  used  to  transmit  larger  forces.  On  the 
other  hand,  there  are  considerations  equally 
as  important  as  economy  of  material. 

In  the  first  place,  every  stress  is  accom- 
panied by  a  corresponding  defiection  of  the 
machine  parts  stressed, 
and  it  is  easily  imagined 
that,  when  a  string  of 
links,  such  as  cranks, 
rods,  levers,  etc.,  are  so 
connected  that  the  vari- 
ous defiections  add  to- 
gether, the  total  defiec- 
tion may  be  considerable, 
and  then  we  wonder  that 
the  machine  quivers  and 
shakes.  In  the  second 
place,  if  the  acting  forces 
are  not  uniform,  or  nearly 
so,  the  pressure  on  the 
wearing  surfaces  is  not  constant,  but  period- 
ical, each  period  of  pressure  being  followed 
by  a  release.  This  is  described  in  some  books 
on  machine  design  as  an  advantage,  on 
account  of  the  pumping  action  thus  estab- 
lished helping  to  produce  a  uniform  distri- 
bution of  lubricants.  This  may  be  true 
under  certain  circumstances,  but,  as  a  rule, 
especially  in  complicated  mechanisms,  the 
thumping  action  that  establishes  itself  with 
the  beginning  of  wear  is  far  more  of  a  nuis- 
ance than  the  absence  of  the  pumping  action. 

Having  studied  the  scheme  and  appre- 
ciated its  hidden  virtues,  if  there  be  any, 
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the  detailist  must  give  the  parts  their  suit- 
able shapes  and  dimensions.  Starting  with 
the  rod  X,  the  same  will  have  to  be  treated 
as  a  column  rounded  at  both  ends,  and, 
for  greater  economy  and  stiffness,  be  made 
thickest  at  the  middle,  slightly  tapering 
down  toward  the  eyes,  and  of  circular  cross- 
section  throughout,  as  sketched  in  Fig.  4. 
It  will  be  noted  that  the  lower  eye,  the  one 
at  the  crank-disk,  is  laiger  than  the  one  at 
the  other  end.  The  reason  for  this  is  that 
the  crankpin,  being  necessarily  supported 
on  one  end  only,  must  be  stout  enough  to 
preclude  any  possibility  of  deflection,  while, 
as  we  will  presently  see,  the  pin  or  bolt  at 
the  other  end  can  be  supported  on  both 
ends,  and  therefore  be  made  much  smaller. 
We  come  now  to  the  lever  R.  As  it  is  to  be 
of  machine  steel,  according  to  directions,  we 
conclude  to  make  it  of  rectangular  cross-sec- 
tion. The  bending  action  of  P  being  the 
greater,  the  farther  the  section  is  away  from 
the  point  of  application  ;  we  could  make  the 
lever  increase  in  height  toward  the  ratchet 
wheel,  and  would  do  so  if  economy  in 
material  were  a  matter  of  consideration 
against  the  cost  of  making  the  lever  taper- 


ing. We  will  assume  that  this  is  not  the 
case,  and  thus  make  it  a  sufficiently  great 
and  uniform  section  throughout.  Moreover, 
in  order  to  dispose  of  the  material  symmet- 
rically with  regard  to  the  acting  forces,  we 
can  make  it  of  two  pieces,  one  on  each  side 
of  the  rod  L ;  the  whole  lever  then  consists 
simply  of  two  flat  bars  with  three  holes, 
rod,  pawl,  and  ratchet  wheel  between  them, 
as  shown  in  Fig.  5.  The  two  halves  of  the 
lever  may,  finally,  be  securely  united  by 
making  the  pins  as  indicated  in  the  figure, 
which  has  the  effect  of  clamping  all  parts 
together,  and  making  the  greater  length  of 
the  pins  the  journals  for  the  moving  parts. 
In  conclusion,  let  us  see  what  would  have 
been  the  effect  if  we  had  made  the  lever  R 
differently,  that  is  to  say,  out  of  one  piece. 
Then,  if  we  wish  to  retain  the  simple  fiat 
bar,  we  must  place  it  sidewise  to  the  rod, 
pawl,  and  ratchet,  as  in  (a).  Fig.  6,  intro- 
ducing bending  stress  in  the  rod,  and  tor- 
sional stress  in  the  lever,  with  consequent 
increased  springiness  of  these  parts.  If,  on 
the  other  hand,  we  wish  to  retain  symmetry 
in  the  disposition,  we  must  resort  to  costly 
forgings,  as  in  (6),  Fig.  6. 
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The  Objects  op  Studying  the  Motions  of  a  Machine — A  Simple  Method  of  Picturing 

Velocities — ^The  Motion  of  the  Joy  Valve  Gear. 


IN  STUDYING  the  motions  of  the  various 
parts  of  a  machine,  or  of  a  simple  mech- 
anism, the  object  in  view  is  one  of  three 
things:  (1)  the  positions  of  various  points 
or  links  relative  to  each  other ;  (2)  the 
velocities  of  the  various  parts,  or  certain 
points  of  these  parts ;  (3 )  the  accelerations  of 
these  parts.  Frequently  only  the  first  of 
these  objects  demands  attention  ;  thus,  in 
designing  an  indicator  reducing  motion,  we 
aim  to  make  the  pin,  to  which  the  indicator 
card  is  attached,  occupy  a  certain  position 
when  the  crosshead  is  in  a  similar  position. 
The  relative  positions  of  these  parts  is  the 
object  of  our  investigation,  and  we  care 
nothing  for  the  velocity  or  acceleration  of  the 
crosshead  or  any  other  part.  In  other  cases 
we  seek  to  determine  the  acceleration  of  a 
point  in  the  mechanism.  For  example,  in 
the  design  of  high-speed  engines  it  is  consid- 
ered quite  necessary  to  determine  the  accel- 
erations of  the  points  of  the  connecting-rod. 


so  that  the  inertia  forces  acting  on  the  rod 
and  tending  to  bend  it  may  thereby  be  deter- 
mined. Again,  we  may  wish  to  determine 
the  relative  angular  velocities  of  different 
links,  or  the  relative  linear  velocities  of 
points  on  the  same  or  on  different  links. 
Instances  of  this  are  seen  in  complicated 
gear-trains. 

In  Home  Study  Magazine,  July,  1898, 
article  entitled  "Plane  Motion,"  was  ex- 
plained a  method  for  finding  relative  linear 
velocities  by  means  of  the  instantaneous 
centers  of  the  mechanism.  This  method  is 
perfectly  general  and  may  be  applied  to  any 
case  in  which  these  centers  can  be  found. 
There  is,  however,  another  method,  which, 
while  not  of  so  general  application  as  the 
other,  is  much  more  easily  used  in  the  chb&r 
to  which  it  is  suited.  This  second  method 
we  will  now  proceed  to  explain. 

As  the  simplest  possible  case,  we  take  first 
the  4-link  mechanism.  Fig.  1,  consisting  of 
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the  fixed  link,  or  bed,  a,  the  cranks  b  and  d, 
and  the  coupler  c.  The  joint  between  the 
two  links  b  and  c  we  denote  by  (6c),  and 
similarly  for  the  other  joints.  Suppose  we 
know  the  velocity  of  the  point  (6  c)  for  the 
given  position  of  the  mechanism,  and  wish 


(be) 
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to  find  the  velocities  of  any  or  all  points  of 
the  various  links.  We  choose  any  point  0 
as  a  pole,  and  draw  a  line  OB  perpendicular 
to  the  link  6,  making  the  length  OB  to  some 
scale  equal  to  the  known  velocity  of  the 
point  (6  c).  Since  the  link  6  is  rotating 
about  the  point  (a  6)  as  a  center,  it  is  evi- 
dent that  the  direction  of  the  velocity  of  the 
point  (6  c)  is  perpendicular  to  the 
line  joining  (6  c)  to  the  center  of 
rotation  (a  6),  that  is,  to  the  link 
6  ;  hence,  the  line  0  B  represents 
the  velocity  of  (6c)  both  in  mag- 
nitude and  direction.  A  similar 
process  of  reasoning  shows  that 
the  velocity  of  the  point  {c  d) 
must  have  a  direction  perpend ic-  (at)^ 
alar  to  the  link  d,  since  this  link 
is  rotating  about  the  point  {ad) 
as  a  center.  Through  the  pole 
O,  therefore,  we  draw  an  indefinite  line  0  M 
in  the  direction  of  the  velocity  of  (c  d),  that 
is,  perpendicular  to  the  link  d.  Now, 
through  the  known  point  B  we  draw  a  line 
perpendicular  to  the  coupler  c,  cutting  the 
line  0  if  in  the  point  D,  We  have  thus 
obtained  a  triangle  OBD^  the  three  feidea  of 


which  are  perpendicular,  respectively,  to  the 
three  moving  links  6,  c,  and  d  of  the  mech- 
anism. The  side  OB^  perpendicular  to  6, 
we  denote  by  6^ ;  that  perpendicular  to  c  by 
c, ;  and  so  on.  In  particular,  the  point  D, 
the  intersection  of  C|  and  (/|,  corresponds  to 
(cd),  the  joint  uniting  the  links  c  and  d. 

This  triangle  OB D  ia  used  as  follows : 
The  line  OB  we  assumed  to  represent  the 
direction  and  magnitude  of  the  velocity  of 
(6c);  then,  the  line  OD  represents  to  the 
same  scale  the  velocity  of  the  point  (cd). 
Suppose  we  wish  to  find  the  velocity  of  some 
point  on  the  link  c,  say  the  middle  point  H, 
In  the  triangle  OB D,  thd  side  BD^  or  Ci, 
represents  the  coupler  c ;  hence,  we  locate 
the  point  H^  at  the  middle  point  of  C|  and 
draw  a  ray  OH^ ;  then,  OH^  gives  the 
direction  of  the  velocity  of  H  and  also  its 
magnitude  to  the  same  scale  that  OB  gives 
the  magnitude  of  the  velocity  of  ( 6  c ) .  Sup- 
pose we  wish  to  find  the  velocity  of  a  point 
K,  not  in  the  line  (6c)-(cd),  but  attached 
to  the  coupler  c.  We  have  simply  to  locate 
the  point  K^  in  the  position  relative  to  c^ 
that  K  has  relative  to  c ;  then  the  ray  0  K^ 
gives  the  direction  and  magnitude  of  the 
velocity  of  the  point  K. 

The  mechanism  just  considered  has  only 
turning  joints.  If,  in  addition  to  such  joints, 
it  has  parts  that  slide  to  and  fro,  the  con- 
struction is  somewhat  modified ;  but  if  the 
part  slides  in  guides  attached  to  the  fixed 
link,  or  bed,  of  the  machinery,  the  construc- 
tion is  not  rendered  more  difficult.  As  an 
example,  let  us  take  the  familiar  4-link 
steam-engine  mechanism  shown  in  Fig.  2. 
The  crank  6  turns  about  the  joint  (a  6),  the 
block  d — the  crosshead  in  the  actual  engine — 
slides  to  and  fro,  and  the  coupler  or  con- 


(cd) 


necting-rod  c  has  a  peculiar  oscillating 
motion.  We  will  assume  that  the  velocity 
of  the  crankpin  (6c)  is  known;  choosing 
any  point  0  as  a  pole,  we  draw  a  line  OB 
perpendicular  to  the  crank  6  ;  the  length  we 
make  equal  to  the  magnitude  of  the  velocity 
of  ( 6  c),  to  some  assumed  scale.    The  block  d 
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is  constrained  to  move  in  the  direction  of 
the  line  (ab)-{cd)  ;  hence,  we  draw  from 
0  the  line  ODia  the  direction  of  the  motion 
of  Df  that  is,  parallel  to  the  line  {ab)-(cd). 
Now,  through  the  point  B  we  draw  a  line 
perpendicular  to  the  link  c  and  intersecting 
the  line  just  drawn  in  Z> ;  this  last  line  we 
denote  by  Ci,  and  the  line  first  drawn  by  bi. 
The  triangle  ODB  in  Fig.  2,  like  the  tri- 
angle of  Fig.  1,  gives  a  means  of  determining 
the  velocities  of  all  points  of  any  moving 
link  of  the  mechanism.  The  line  0  D  repre- 
sents the  velocity  of  the  point  (cd)  and,  in 
fact,  of  all  points  of  the  slide,  to  the  hame 
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Fig.  8. 


scale  that  OB  represents  the  velocity  of 
(be).  The  line  c^  represents  the  rod  c,  and 
the  velocity  of  any  point  P  of  the  rod  is 
found  by  locating  the  corresponding  point 
Pi  on  the  line  r,.  Joining  this  point  to  the 
pole  0,  the  ray  0  P^  represents  the  velocity 
of  Pf  both  in  magnitude  and  direction.  The 
only  difference  between  this  case  and  the 
first  is  that  the  block  d  is  represented  by  a 
single  point  D  instead  of  by  a  line  di.  That 
this  must  be  the  case  is  apparent.  The 
block  has  a  motion  of  translation,  and  all 
points  of  it  have  the  same  velocity ;  this 


common  velocity  is  represented  by  the  dis- 
tance 0  Df  and  therefore  the  point  D  corre- 
sponds to  all  points  of  the  block. 

We  will  now  study  a  more  elaborate 
mechanism,  and  choose  for  the  purpose  the 
Joy  valve  gear.  Fig.  3.  This  mechanism 
may  be  described  as  follows :  The  four 
links  a,  b,  c,  d  form  the  ordinary  steam- 
engine  mechanism,  6  being  the  crank  and  d 
the  crosshead.  To  some  point  (ce)  of  the 
connecting-rod  c  is  jointed  a  link  e,  the 
other  end  of  which  is  connected  to  the  bed 
or  fixed  link  a  by  a  rod  /.  At  a  suitable 
point  (eg)  of  the  link  e  is  jointed  a  link  ^, 
which  carries  a  block  h ;  this 
block  is  constrained  by  fixed 
guides  to  move  in  a  circular 
path,  the  center  of  which  is  at 
the  point  Q,  The  end  {gm)  of 
the  link  g  drives  the  valve  n 
y  through  the  rod  m.  The  velocity 
of  the  crankpin  (6  c)  is  known 
or  assumed,  and  the  problem  is 
to  find  the  velocity  of  the  valve 
n  or  the  velocity  of  any  other 
point  of  the  mechanism. 

For  the  position  of  the  mech- 
anism  shown  in  the  figure, 
the  velocity  polygon  is  con- 
structed as  follows :  Through 
the  chosen  pole  0,  the  line  6^  is 
drawn  perpendicular  to  the  link 
6,  and  the  distance  OB  is  laid 
off  to  represent  to  some  scale 
the  known  velocity  of  the  point 
(6c).  Through  the  point  B, 
the  line  Ci  is  drawn  perpendic- 
ular to  the  rod  c,  and  through 
0  a  line  is  drawn  in  the  direc- 
tion of  the  motion  of  the  block 
d ;  these  lines  intersect  in  the 
point  D.  Evidently,  the  point 
D  represents  the  slide  d,  and 
the  line  BD,  the  link  c.  To 
find  the  velocity  of  the  point 
(ce)  of  the  link  c,  the  point  C 
is  so  located  on  Ci  that  it  divides  BD  in  the 
same  ratio  that  the  point  (ce)  divides  the 
rod  c.  A  common  graphical  construction  for 
locating  C  is  shown  in  the  figure.  Through 
D  is  drawn  a  line  at  random  and  on  it 
is  laid  off  DX=  (cd)-(ce),  and  D  F  = 
(cd)-(bc),  Y  is  joined  to  B  and  a  line 
parallel  to  YB  through  X  cuts  BD  in  the 
required  point  C.  Through  C  a  line  ^i  is 
drawn  perpendicular  to  the  link  e,  and 
through  0  a  line  /i  is  drawn  perpendicular 
to  the  link  / ;  these  lines  intersect  at  F  and 
the  lines  CFs^nd  OF  represent,  respectively, 
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the  links  e  and  /  of  the  mechanism.  The 
point  E  is  now  located  so  that  it  divides  the 
line  CF  in  the  same  ratio  that  the  point 
(eg)  does  the  link  e.  Through  E  a  line  is 
drawn  perpendicular  to  the  link  g^  and 
through  0  a  second  line  is  drawn  in  the 
direction  of  motion  of  the  hlock  h,  that  is, 
perpendicular  to  the  line  (gh)  Q.  These 
lines  intersect  in  the  point  Q,  which  corre- 
sponds to  the  point  (gh)  of  the  mechanism. 
The  line  EG  i&  prolonged,  and  the  point  M 
is  so  located  on  the  prolongation  that  it 
has  the  same  position  relative  to  G  and  E 
that  the  joint  {gm)  of  the  mechanism  has 
to  the  points  (gh)  and  (eg).  Then  the 
point  M  corresponds  to  the  point  (gm)  of 
the  mechanism.  Finally,  through  0,  a  line 
is  drawn  in  the  direction  of  the  motion 
of  the  valve  n,  and  a  second  line  mi  is 
drawn  through  the  point  M  perpendicular 
to  the  link  m.  The  single  point  N  repre- 
sents the  valve  n,  which  has  a  motion  of 
translation,  and  the  line  mi  represents  the 
link  m. 

It  should  be  noted  that  the  lines  corre- 
sponding to  links  attached  to  the  fixed  link 
or  engine  bed  a  are  drawn  from  the  pole  0 ; 
the  other  lines — in  this  case  Ci,  ei,  gi,  and  rrii 
—do  not  pass  through  the  pole. 

The  figure  we  have  just  drawn  we  call  the 
velocity  polygon  for  the  given  position  of  the 
mechanism.  It  gives  at  once  the  velocity  of 
any  point  of  the  mechanism.  Thus,  ON 
represents  the  velocity  of  the  valve,  0  G  the 
velocity  of  the  point  (gh)^  OE  the  velocity 
of  the  point  (eg)y  and  eo  on.    The  polygon 


is  a  sort  of  picture  that  tells  at  a  glance  how 
fast  and  in  what  direction  any  point  of  the 
mechanism  is  moving. 

The  velocity  polygon  is  useful  in  tracing 
the  influence  of  a  change  in  the  position  or 
proportions  of  a  link.  Suppose,  for  example, 
that  the  end  (af)  of  the  link  /  is  located  in  a 
new  position  P.  What  effect  will  this  have 
on  the  velocity  of  the  valve  n  ?  Referring  to 
the  polygon,  it  is  clear  that  the  perpen- 
dicular fi  to  the  link  /  will,  in  its  new 
position,  be  more  nearly  vertical,  and,  as 
a  consequence,  e^  will  be  shortened.  The 
joint  E  will  be  nearer  C  than  before,  and  the 
line  gi  will  be  longer  and  farther  from  the 
pole  O.  As  a  result,  the  point  if  will  be 
higher  than  in  the  position  now  shown,  and 
ON  will  be  lengthened.  This  shows  that 
the  change  will  increase  the  velocity  of  the 
valve.  It  will  prove  an  interesting  exercise 
for  the  reader  to  trace  out  the  result  of  other 
changes.  For  example,  what  will  be  the 
effect  of  changing  the  position  of  the  point  Q 
so  that  Q  (^7i)  is  about  vertical? 

The  method  of  finding  velocities  by  means 
of  the  velocity  polygon  is  applicable  to  the 
many  mechanisms  that  are  composed  of 
links  united*  by  turning  or  sliding  pairs, 
and  it  is  precisely  in  this  class  of  mechanism 
that  it  becomes  difficult  and  tedious  to  locate 
the  many  instantaneous  centers  required  by 
the  general  method.  When,  however,  the 
mechanism  contains  gear-trains  or  cam- 
trains,  it  is  usually  difficult  to  construct  the 
velocity  polygon,  and  the  general  method  is 
to  be  preferred. 
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THE  chief  difficulty  experienced  by  a 
beginner,  in  attempting  to  solder  two 
pieces  of  metal  together,  is  to  secure 
an  even  flow  of  the  solder  between  the 
pieces,  which  is  necessary  to  make  a  strong 
union.  Either  the  surfaces  to  be  joined  have 
not  been  thoroughly  cleaned,  or  the  solder- 
ing iron  is  too  hot,  or  not  sufficiently  tinned ; 
and,  as  a  result,  the  solder  runs  off*  in  little 
globules  of  melted  metal,  or  masses  unevenly 
at  one  place  and  not  at  another,  instead  of 
spreading  uniformly  in  a  thin  film  over  the 
joint,  as  it  should.  The  consequence  is 
that  we  have,  when  the  work  is  done,  a 
weak  joint,  and  one  presenting  a  decidedly 
botched,  untidy  appearance.  In  fact,  we 
have  proved  ourselves  poor  workmen. 

Many  of  these  difficulties  may  often  be 
avoided,  in  uniting  small  pieces  of  tin  or 


brass,  and  a  neat  and  strong  union  be 
obtained,  without  the  use  of  a  regular  solder- 
ing iron,  in  the  following  manner :  Scrape 
the  surfaces  to  be  joined  with  a  small  knife 
blade  till  bright  and  rough,  and  avoid 
touching  them  thereafter  with  the  fingers. 
Sprinkle  over  them  a  little  finely  powdered 
resin,  which  may  be  pressed  with  the  blade 
of  a  knife,  to  cause  it  to  adhere  to  the  sur- 
faces. Now  lay  the  surfaces  together,  with 
three  or  four  thicknesses  of  bright  tin-foil 
between  them,  and  hold  or  secure  them 
firmly  in  position,  while  a  red-hot  poker  or 
other  iron  is  pressed  strongly  against  the 
upper  surfieuie,  over  the  joint.  The  heat  must 
be  ample  to  heat  the  metal  and  melt  the  tin 
in  the  joint,  after  which  the  iron  is  quickly 
removed,  but  the  joint  must  not  be  disturbed 
in  the  slightest  degree  till  cold. 
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Cylinder  and  Drawbar  Heights — Crossuead  Thrust  and  Rail  Pressure — Centrifugal 
Pull  op  "Excess  Balance'* — Effect  Thereof  on  Adhesive  Force  of  Drivers. 


A  QUESTION  that  has  doubtless  occurred 
to  the  mind  of  many  a  locomotive  man 
is  this:  "Will  an  engine  pull  more 
than  she'll  push  (backing  up)?*'  We  can 
include  this  in  the  more  general  question 
of  whether  an  engine  will  pull  more  when 
running  stack  first  than  when  running  ten- 
der first. 

Such  a  question  belongs,  of  course,  less 
to  tender  engines  than  to  tank  engines  and 
others  engaged  in  local  and  suburban  traffic 
that  as  frequently  run  one  way  as  the  other. 
These  latter  form  a  very  numerous  class  in 
some  European  countries  ;  by  far  the  largest 
portion  of  this  class  as  used  in  Great  Britain 
consisting  of  passenger  engines  employed  in 
suburban  traffic,  having  front  and  main 
drivers  and  a  four-wheeled  truck  behind. 
Now,  so  far  from  its  being  undesirable  to 
run  these  engines  backward,  we  may  state 
that  the  Board  of  Trade  condemns  their  being 
run  the  other  way  (i.  e.,  stack  first),  the 
government  officials  properly  arguing  that 
the  truck  ought  to  lead.  Coming  back  to  the 
main  point,  however :  will  an  engine  pull 
more  in  fore  gear  than  in  back  gear? 

The  first  point  bearing  on  the  matter  that 
occurs  to  us  is  naturally  that  of  drawbar 
position.  This  line  of  argument  may  be 
presented  as  follows :  There  are  two  forces 
at  work,  that  of  the  steam  tending  to  force 
the  engine  forward,  and  the  resistance  of  the 
train  pulling  the  engine  backward.  During 
the  outward  stroke,  in  fore  gear,  the  pro- 
pelling power  is  the  steam  acting  on  the 
front  cylinder  head,  while  during  the  return 
stroke  it  is  the  pressure  exerted  on  the 
front  pedestals  ;  vice  versa  for  back  gear. 
For  our  present  purpose,  and  for  the  sake 
of  simplicity,  we  will  take  Fig.  1  as  repre- 
senting the  general  case  of  a  locomotive,  the 
action  of  the  steam  being  replaced  by  an 
external  force ;  this  will  suffice  for  illustra- 
ting the  action  we  are  now  concerned  with. 
The  unpretentious  figure  represents  a  email 
crude  locomotive,  pulled  by  a  man  at  P  and 
held  back  by  the  weight  W.  If  the  ropes 
r  and  r^  are  exactly  in  line  with  each  other, 
horizontally,  there  will  be  no  tilting  action 
of  the  engine.    Both  wheels  will  rest  fair  on 


the  rail,  their  pressures  thereon  remaining 
constant,  the  springs  ^,  s  being  unafiected. 
If,  however,  r  and  r'  are  as  shown  in  Fig.  2, 
the  two  efforts,  P  and  W,  tend  to  slew  the 
engine  in  a  vertical  plane  around  its  center 
of  gravity  until  r  and  r^  come  into  line  with 
each  other  (Pand  FT  forming  a  couple  whose 
arm  is  I  and  moment  PI  or  Wl). 

Now,  the  above  is  just  what  happens  in 
the  case  of  an  actual  locomotive.  The 
*' exigencies  of  design"  render  unavoidable 
a  distance  of  several  inches  between  the  two 
lines  of  force  r  and  K,  that  is,  a  difference 
I  in  the  heights  of  the  drawbar  and  cylin- 
der, I  being  anything  up  to  9  inches  or  more, 
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FIG.  1. 

depending  chiefly  on  the  size  of  drivers. 
Now,  whether  the  actual  impulse  sending 
the  engine  along  be  applied  at  the  cylinder 
head  or  at  the  pedestals  (according  to  the 
gear  and  the  direction  of  stroke),  the  tend- 
ency for  the  engine  to  tilt  remains  practi- 
cally the  same,  assuming  the  cylinder  to  be 
horizontally  in  line  with  the  main  axle, 
which,  in  fact,  it  very  nearly  is  when  the 
brasses  are  worn  and  the  springs  settled 
down.  This  lift  at  the  front  end  is  shown 
exaggerated  in  Fig.  3.  The  wheels,  of 
course,  do  not  leave  the  rail,  but  the  engine 
rises  on  her  springs ;  the  consequence  is 
that  some  of  the  weight  is  taken  off  the  front 
wheels  and  imposed  on  the  rear  ones.  If 
the  engine  is  an  eight-wheeler,  it  ought  not 
to  make  much  difference  in  driver  adhesion, 
because  it  is  the  truck  that  suffers  chiefly, 
the  weight  being  taken  off  that  and  thrown 
on  the  drivers ;  any  loss  of  weight  on  the 
main  drivers  would  be  an  increase  on  the 
rear  drivers.  It  looks,  at  first  sight,  as 
though  the  weight  lifted  off  the  front  end 
were  carried  by  the  drawbar,  so  to  speak, 
but,  as  a  matter  of  fact,  the  load  on  the  rail 
remains  the  same.  If  the  block  shown  in 
Fig.  4  were  scotched  at  a  so  as  not  to  slide. 
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and  were  then  raised  up  by  a  pull  at  P,  the 
force  R  on  the  rail  at  a  would,  it  is  true,  be 
greater  than  Wy  being,  in  fact,  the  resultant 
of  W  and  P,  but  its  vertical  component  r 
(the  downward  pressure  on  the  rail)  would 
still  be  only  equal  to  TF,  the  horizontal  com- 
ponent t'  ^=  P  being  expended  in  setting  up 
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Fig.  2. 

a  horizontal  thrust  in  the  rail,  tending  to 
shove  it  backward  in  the  direction  of  the 
arrow. 

Where  the  engine  is  four-coupled  in  front 
(which,  as  already  remarked,  is  very  fre- 
quently the  case  in  some  countries),  it  seems 
as  though  the  engine  would  suffer  on  the 
above  account,  for  when  running  stack  first 
some  of  the  weight  is  lifted  off  the  front  end. 
The  net  effect,  however,  is  chiefly  a  transfer- 
ence of  weight  from  the  front  drivers  to  the 
main  ones,  and,  so  far,  there  is  an  advantage 
as  providing  a  margin  against  incipient  slip, 
the  more  especially  as  the  side  rods  are 
nearly  always  bushed,  and  therefore  may 
be  expected,  in  average  condition,  to  have 
plenty  of  play.  When  running  rear  end 
first,  however,  more  weight  is  thrown  on  the 
drivers  as  a  whole. 

However,  this  tilting  action  is,  in  general, 
perhaps  less  pronounced  "over  yonder,**  as 
the  average  size  of  drivers  is  larger  than 
with  us,  and  /,  therefore,  less'.  The  effect 
is  most  noticeable  here  on  mogul  engines, 
when  pulling  hard,  owing  to  their  small 
wheels  and  light  weight  on  trucks ;  the  fact 
of  the  cylinders  being  outside  (and,  there- 
fore, more  widely  spread)  giving  the  eteam 
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more  leverage  in  producing  "elbowing" 
motion,  this  being  accentuated  by  the  lessen- 
ing of  weight  on  the  pony  truck. 

We  shall  now  deal  with  another  phase  of 
the  question,  and  one  that  will,  perhaps,  be 
new  to  a  good  many  of  our  readers. 

It  is  known,  perhaps,  to  every  locomotive 
man  that  the  croeshead  presses  on  the  top 
gtiide  in  fore  gear  and  on  the  bottom  guide 


in  back  gear.  This  pressure  varies  from 
nothing  at  the  beginning  and  end  of  stroke 
to  a  maximum  at  the  middle,  so  £ar,  at  least, 
as  the  relative  lengths  of  main  rod  and  crank 
are  concerned,  which  relation,  by  the  way 
(the  steam  pressure  being  assumed  to  be  the 
same),  is  the  only  thing  that  influences  the 
crosshead  pressure. 

Now,  in  Pig.  5  we  have  steam  acting  on 
the  piston  as  ^hown  by  the  arrow  P,  and  the 
consequent  motion  of  the  piston,  etc.  is 
opposed  by  the  resistance  of  the  crankpin  P 
to  rotation,  which  resistance  sets  up  a  thrust 
in  the  piston  rod  and  main  rod.  N0W9  one 
feels  intuitively,  without  any  analysis,  that 
the  tendency  is  for  the  combination  of  parts 
^  i^  C  to  buckle  up,  and  it  would  do  so,  in 
fact,  were  not  the  crosshead  held  down  by 
the  top  guide.  On  the  return  stroke  (see 
dotted  lines)  the  tendency  is  for  ^  P  C  to 
straighten  out,  because,  now,  the  piston  rod 
A  and  the  main  rod  C'  are  pulling  against 
each  other.    If,  now,  for  a  moment,  we 
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imagine  the  crankpin  and  hub  to  be  con- 
nected to  the  frames,  we  shall  see  that  the 
stresses  are  self-contained,  and  thus  the  top 
guide  is,  through  the  medium  of  the  frames, 
pulled  down  as  much  as  it  is  pushed  up. 
But,  as  a  matter  of  fact,  the  crankpin  is  not 
attached  to  the  engine  proper,  but  to  an 
altogether  external  body,  namely,  the  dri- 
ving wheel.  Therefore,  when  the  reaction 
due  to  the  thrust  on  the  pin  comes  on  the 
top  guide,  the  front  end  of  the  engine  is 
lifted  slightly  on  the  springs,  thus  easing  the 
weight  off  the  leading  wheels.  Where  has 
this  lost  weight  gone  to  ?  The  answer  is :  on 
to  the  drivers.  The  total  weight  on  all  the 
wheels  remains,  of  course,  the  same,  but  part 
of  it  has,  by  the  action  of  the  main  rod,  been 
transferred  from  the  front  wheels  to  the 
drivers.  We  can  look  at  this  in  another 
way  :  we  may  regard  the  total  weight  on  the 
rail  at  a:  as  being  W  4-  T",  the  dead  load  being 
increased  by  the  amount  of  the  steam  thrust, 
or  at  least  by  its  vertical  component,  which 
is  2'.  The  reactionary  thrust  V  on  the  top 
guide  leaves  us  with  that  much  less  weight 
on  the  front  wheels,  the  total  of  all  the 
wheel  loads  thus  remaining  constant.  Now, 
when  the  engine  is  running  backward,  the 
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tendency  on  the  out  stroke  is  for  A  B  C^  to 
bnckle  downward,  and  on  the  return  stroke 
for  ^  5  C  to  straighten  out  ( see  Fig.  6 ) .  The 
consequent  downward  pressure  of  the  cross- 
head  is,  in  each  case,  resisted  by  the  lower 
guide.  *  There  is  thus  an  extra  load  imposed 
on  the  front  wheels.  As  the  total  weight  on 
all  the  wheels  remains  the  same,  whatever 
the  steam  stresses  (but  neglecting  centrifugal 
stresses),  the  above  weight  must  have  been 
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transferred  from  some  of  the  other  wheels — 
from  the  drivers,  in  fact,  in  this  case.  Thus, 
when  running  backward,  the  weight  on  the 
drivers  is  continually  being  intermittently 
diminished.  The  actual  decrease  of  pressure 
T  on  the  rail  depends  on  two  things — ^the 
relative  length  of  main  rod  and  crank,  and 
the  steam  pressure.  Let  N  stand  for  the 
number  of  times  the  main  rod  contains  the 
crank  ;  that  is,  if  the  rod  is  8  feet  long  and 
the  stroke  2  feet,  N  is  equal  to  8.  For  any 
given  crank  position,  the  greater  the  angle  a 
between  main  rod  and  cylinder  axis,  the 
greater  the  thrust  on  the  guides;  and  the 
magnitude  of  this  angle  depends  on  the 
value  of  Ny  varying  universally  thereae. 
For  a  given  value  of  N  the  thrust  is  greatest 
when  the  crank  is  on  the  quarter,  and  for  a 
given  value  of  angle  a  the  thrust  varies  with 
the  steam  pressure.  Now,  if  the  initial  pres- 
sure were  to  be  maintained  up  to,  or  beyond, 
half  stroke,  the  maximum  thrust  would 
occur  at  that  point  (of  course,  the  initial 
pressure  never  is  maintained  as  far  as  this, 
however  late  the  cut-off,  as  any  card  will 
show).  With  early  cut-ofib  the  pressure 
may  drop  so  much  before  half-stroke  is 
reached  that  the  maximum  thrust  may  occur 
at,  say,  three-eighths  of  the  stroke,  this  drop 
depending  on  the  speed  of  revolution,  length 


of  valve  travel,  and  type  of  valve,  as  well  as 
on  the  percentage  of  cut-off.  Now,  not  only 
does  the  thrust  (or  pull)  T  attain  its  greatest 
value  when  the  crank  is  on  the  quarter, 
except  in  very  early  cut-ofb,  but  there  has  also 
to  be  considered  the  centrifugal  pull  of  the 
''  excess  balance,"  that  is,  of  that  portion  of 
the  counterweight  put  in  to  balance  a  part  of 
the  reciprocating  weight.  This  pull  acts  to 
decrease  the  rail  pressure  only,  of  course, 

when  the  crank  is  on  the  bot- 
W'dead  load    torn  quarter  (we  are  only  con- 
sidering the   quarters    now). 
If  we  look  into  the  matter  we 
shall  see  that,  as  regards  the 
joint  effect  of  the  centrifugal 
pull  and  the  steam  thrust,  we 
are  worse  off  in  back  than  in 
fore  gear.     Letting  P  denote 
the  pull  of  the  excess  balance 
(this  '^pulP'  being  a  thrust 
on  the  rail  when  the  crank  is 
on  the  top  quarter)  and  Tthe 
vertical  thrust  of  the  main  rod  on  the  rail, 
we  shall  have  on  the  top  quarter  a  force 
T-\-  P  holding  the  wheel  down,  in  fore  gear, 
and  T^  P  lifting  the  wheel  up,  in  back  gear. 
When  on  the  bottom  quarter  we  shall  have 
in  fore  gear  T—P  holding  the  wheel  down 
and,  in  back  gear,  T-^-P  lifting  it  up  (see 
Fig.  7).    To  arrive  at  the  actual  rail  pres- 
sure in  each  case,  we  should,  of  course,  have 
to  add  the  original  dead  load.     It  may  be 
remarked  that,  as  a  matter  of  fact,  these 
forces  do  not  increase  and  decrease  together. 
One  is  most  inoperative  when  the  other  is 
least  so,  and  the  converse ;  thus,  the  cross- 
head  thrust  is  greatest  at  low  speeds  and  least 
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*  Any  one  that  cannot  see  that  this  is  so,  can  prove 
it,  experimentally,  by  nailing  a  thin  piece  of  leather 
over  the  ends  of  two  pieces  of  wood,  butted  together 
end  to  end,  and  then  alternately  pulling  and  push- 
ing at  them.  See,  also,  Hohe  Study  for  Machinists, 
Steam  Engineers,  Etc.,  July,  1898. 
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at  high  speeds,  whereas  the  pull  of  counter- 
weight is  exactly  the  reverse  of  this,  varying 
directly  as  the  speed.  Hence,  "  T—  P  up  " 
is  actually  an  upward  lift  from  the  rail  if 
T—P  IB  positive;  if  it  is  negative,  the 
**  lift "  becomes  a  push  down  on  theraiL 

As  regards  what  has  been  sidd  of  the 
steam  thrust,  we  can  readily  convince  our- 
selves that  they  take  effect  as  described,  by 
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coDsidering  the  following  suppositions :  ( 1 ) 
If  we  were  to  stand  on  the  ground  underneath 
the  guides  and  lift  upward  against  the  weight 
of  the  engine,  we  should  take  a  certain 
amount  of  the  weight  on  our  shoulders,  and 
therefore  off  the  rail.  (2)  If  we  were  to 
stand  on  the  buffer  beam  and  lift  up  under  the 
smokeboz,  we  should  not  affect  the  weight 
on  the  rail  at  all.  (3)  Again,  if  we  could 
diminish  in  size,  like  Alice  in  Wonderland, 
so  as  to  get  in  between  the  guides,  and, 
standing  on  the  lower  one,  press  upward 
against  the  top  one  with  our  shoulders,  the 
weight  on  the  rail  would  remain  the  same. 
(4 )  If,  however,  while  in  between  the  guides, 
we  were  to  press  down  vertically  on  the 
ground  with  a  stick,  we  should  take  some  of 
the  weight  off  the  rail,  reproducing  the  con- 
ditions supposed  in  (1).  Now,  if  we  go  a 
step  further,  and  hold  the  stick  slanting,  so 
as  to  touch  the  ground  a  few  feet  away  from 
the  guides,  and  push  down  on  it  as  before, 
part  of  the  push  takes  effect  on  the  guides, 
tending  to  displace  them  fore  and  aft — ^this 
horizontal  component  of  the  push  corre- 
sponding to  the  frictional  effort  of  the  cross- 
head  ;  the  other,  and  vertical,  part  of  the 
push  tends  to  lift  the  top  guide  upward, 
carrying  the  engine  with  it.  Now,  the  push 
of  the  piston  rod  produces  a  downward 
thrust  in  the  main  rod  that  may  be  substi- 
tuted for  the  above,  the  crosshead  represent- 
ing the  body  and  the  main  rod  the  stick. 
The  effect  is  precisely  the  same — the  top 
guide  is  lifted  and  the  engine  bears  corre- 
spondingly lighter  on  the  front  wheels.  We 
will  regard  it  as  established,  then,  that  during 
a  greater  part  of  the  time  the  rail  pressure  of 
the  drivers  is  less  in  back  gear  than  in  fore 
gear.    We  can  now  consider  the  main  issue. 

What  determines  the  hauling  power  of  a 
locomotive  ?  It  is  dependent  on  two  things  : 
(1)  the  tractive  power,  and  (2)  the  adhe- 
sion. Since  the  first  of  these  is  of  no  earthly 
use  without  the  second,  we  may  reasonably 
assert  that  the  second  determines  the  haul- 
ing power,  and  that  if  this  is  diminiehed 
the  hauling  power  will  be  also.  The  actual 
extent  of  this  diminution  depends  on  many 
things,  as  already  pointed  out ;  it  may  be  any- 
thing up  to,  say,  3,500  pounds  in  an  ordinary 
eight- wheeler — and  the  difference  of  adhesive 
force  in  the  two  gears  U  twice  thiSy  for  it  is  put 
on  in  the  one  case  and  taken  off  in  the  other. 
It  seems  not  unreasonable,  then,  to  assert 
that  an  engine  will  pull  more  going  stack  first 
than  when  running  tender  first. 

This  change  of  rail  pressure  is  rapid  and 
intermittent,  it  is  true,  but  without  doubt 


there  is  a  corresponding  amount  of  slip, 
at  least  when  pulling  hard.  In  other  words, 
an  engine  that  can  only  just  handle  a  certain 
train  in  fore  gear  would  certainly  lose  time 
with  it  in  back  gear. 

This  argument  does  not  apply  when  all 
the  wheels  are  coupled  as  in  British  freight 
engines,  which  are  all  carried  on  six  drivers 
and  have  no  truck.  Even  there,  however, 
this  constantly-recurring  variation  of  pressure 
will  make  itself  felt,  for  although  any  trans- 
fer of  weight  from  the  main  to  the  front 
drivers  does  not   affect   the  gross  driving 
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weight,  yet  it  may,  and  undoubtedly  does, 
cause  incipient  slip  of  the  main  drivers. 
This  kind  of  slip  is  always  present,  more  or 
less,  until  the  wheel  gets  the  benefit  of  its 
fellow,  which  is  not  until  the  slack  in  the 
side-rod  brasses  is  taken  up,  and  by  that 
time  the  wheel  has  got  a  certain  amount  of 
**way'*  on  it  and  so  is  not  immediately 
checked  by  the  coupled  wheel  in  question. 
So  it  is  as  well  to  give  the  main  drivers  1} 
or  2  tons  more  weight  than  the  front  pair, 
the  rear  pair  having  a  little  less  still  than  the 
latter.  This,  in  fact,  is  generally  done,  each 
spring  being  independent  of  the  others. 

It  is,  perhaps,  more  a  matter  of  interest  than 
of  utility  to  look  into  this  question  further. 
On  investigation,  it  will  be  seen  that  the 
crosshead  thrust  in  fore  gear  really  tends  to 
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relieve  the  main  drivers  as  well  as  the 
front  wheels,  the  respective  proportions  de- 
pending on  the  position  of  the  crosshead 
relative  to  the  wheels  in  question.  Thus, 
the  net  increase  of  weight  on  rail  under 
main  driver  is  the  vertical  component  of 
main-rod  thrueit  less  the  proportion  of  total 
relieved  weight  (due  to  crosshead  thrust), 
which  is  taken  off  the  main  driver.  Also, 
in  inside-connected  engines,  the  thrust 
relieves  both  sides  of  the  engine ;  in  out- 


side-connected it  relieves  only  the  wheels 
on  its  own  side,  throwing  extra  weight  on 
those  on  the  other  side.  Similar  remarks 
apply  to  back  gear,  except  that  weight  is 
relieved  where  before  imposed,  and  vice 
versa.  However,  it  has  been  deemed  suffi- 
cient to  advert  merely  to  the  main  facts ; 
for,  although  the  question  may  be  of  interest 
per  se,  yet  it  in  no  way  influences  the  designer ; 
it  goes  a  long  way,  though,  toward  explain- 
ing uneven  wear  of  tires. 


A  GREAT  DISCOVERY 

{Continued  from  the  September,  1899,  Number.) 


George  McC.  Robson,  M.  A. 

Discoveries  in  Matrkmatics  and  in  Optics — Meaning  op  Kepler's  Laws— Law  of  the 

Inverse  Square — ^Thb  Moon  a  Falling  Body. 

"  I  brought  to  earth  a  spark  of  heavenly  fire, 
Concealed  at  first,  and  small,  but  spreading  soon 
Among  the  sons  of  men,  and  burning  on, 
Teacher  of  art  and  use,  and  fount  of  power." 


On  retiring  from  Cambridge  in  the  plague 
year  (1665-1666),  Newton  devoted  himself 
earnestly  to  the  investigation  of  the  pro- 
found subjects  to  which  he  had  been  intro- 
duced during  his  residence  in  the  university. 
He  was  principally  occupied  with  the  science 
of  optics,  algebra,  and  the  method  of  flux- 
ions. In  the  b^inning  of  the  year  1665 
he  discovered  the  method  of  approximating 
series  and  the  rule  for  expressing  any  power 
of  a  binomial  in  such  a  series.  In  May,  of 
the  same  year,  he  discovered  the  method  of 
tangents  of  Gregory  and  Shisius  ;  in  Novem- 
ber he  had  invented  the  direct  method  of 
fluxions  (diflerential  calculus);  in  January, 
1666,  he  had  discovered  the  theory  of  colors; 
and  in  May,  1666,  he  began  to  develop  the 
inverse  method  of  fluxions  (integral  calcu- 
lus). It  is  marvelous  that  so  many  great 
discoveries,  involving  so  much  labor  and 
deep  thought,  should  have  been  made  within 
the  space  of  two  years  by  a  young  man  not 
yet  twenty- four  years  old  ;  yet  it  seems  to  be 
the  rule,  rather  than  the  exception,  that 
great  men  accomplish  their  best  work  while 
they  are  still  young,  and  Newton  himself,  in 
his  later  years,  said  that  at  this  period  he 
was  in  the  prime  of  his  age  for  invention, 
and  gave  more  attention  to  mathematics  and 
philosophy  than  at  any  subsequent  time. 

However  deeply  Newton  was  immersed 
in  his  mathematical  and  optical  researches, 
he  could  not  avoid  giving  some  thought  to 


the  question  of  gravitation  and  ^he  explana- 
tion of  Kepler's  laws,  which  was  one  of 
the  great  problems  of  the  day.  Kepler 
himself  had  suggested  that  his  laws  might 
be  explained  on  the  hypothesis  that  the 
force  of  gravity  varies  inversely  as  the  dis- 
tance, and  Bouilland  had  proposed  the 
substitution  of  the  inverse  square  of  the  dis- 
tance. Newton  was  acquainted  with  these 
and  many  other  speculations  on  the  same 
subject,  including  those  of  Descartes;  and 
he  knew  that  the  fundamental  error  in  all 
these  speculations  lay  in  the  supposition 
that  some  force  is  necessary  to  keep  a  body 
in  motion.  Newton  appreciated  the  impor- 
tance of  Galileo's  laws  of  motion,  and  had 
fully  grasped  their  meaning ;  he  knew  that 
force  is  necessary  to  change  a  body's  motion, 
but  a  moving  body  will  move  forever,  uni- 
formly in  a  straight  line,  unless  it  is  acted 
on  by  some  force  or  forces.  So  clearly  did 
Newton  understand  Galileo's  laws,  and  so 
important  was  the  use  he  made  of  them, 
that  these  laws  are  referred  to  in  all  Eng- 
lish books  as  '*  Newton's  laws  of  motion," 
and  are  quoted  in  the  form  in  which  he 
expressed  them. 

The  law  of  centrifugal  force  was  another 
important  principle  essential  to  the  dis- 
covery of  the  law  of  gravitation,  that  Newton 
had  discovered  for  himself  at  this  tin^ ; 
though  this  law  was  first  published  seven 
years  later,  by  Huygens.  In  the  last  chapter 
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of  his  book,  **  Horologium  OscUlatoriuin/' 
Huygens  shows  that,  when  a  body  moves  in 
a  circle  with  uniform  velocity,  the  centrif- 
ugal force  varies  directly  as  the  square  of 
the  velocity,  and  inversely  as  the  radius 
of  the  circle.  Newton  assigns  to  Huygens 
the  priority  in  making  this  very  important 
discovery,  though  he  discovered  it  inde- 
pendently before  its  publication  by  Huygens. 
The  book  of  Huygens,  to  which  we  have 
referred,  is  a  very  important  contribution  to 
science ;  it  contains  his  investigations  relating 
to  pendulum  clocks  and  other  matters  of 
importance  in  theoretical  mechanics,  as  well 
as  some  very  beautiful  geometrical  theorems. 

We  shall  now  consider  how  Newton  ap- 
plied the  three  laws  of  motion  and  the  law 
of  centrifugal  force  to  the  consideration  of 
Kepler's  laws.  Kepler's  first  law  asserts 
that  the  i)ath  of  a  planet  is  an  ellipse,  which 
is  not  a  straight  line ;  hence,  from  the  first 
law  of  motion,  it  is  evident  that  the  planet 
must  be  acted  on  by  some  force.  Kepler's 
second  law  asserts  that  the  line  joining  the 
planet  to  the  sun  sweeps  over  equal  areas  in 
any  two  equal  intervals  of  time.  From  this 
law,  Newton  showed  that  the  force  acting  on 
the  planet  must  be  directed  toward  the  sun ; 
the  proof  of  this  theorem  is  contained  in  the 
second  and  the  third  proposition  of  Newton's 
Principia.  In  the  first  proposition  of  the 
Principia,  Newton  proves  that  if  a  body 
describes  a  path  under  the  action  of  a  force 
directed  to  a  fixed  point,  then  the  areas 
desc^bed  by  the  line  joining  the  body  to  the 
fixed  point  are  in  one  plane  and  are  propor- 
tional to  the  times  of  describing  them  ;  in 
other  words,  the  first  proposition  of  Newton's 
Principia  shows  that  if  th^  force  acting  on  a 
planet  is  directed  to  the  sun,  Kepler's  second 
law  must  be  true.  In  the  second  and  the 
third  proposition  he  proceeds  to  show  that  if 
Kepler's  second  law  is  true,  the  force  acting 
on  the  planet  must  be  directed  to  the  sun. 
Newton's  demonstration  of  these  principles 
is  of  the  most  simple  and  elementary  charac- 
ter, and  any  explanation  or  amplification  of 
hia  proof  can  serve  only  to  throw  obscurity 
on  what  he  has  rendered  abundantly  clear. 

The  equable  description  of  areas  under  the 
action  of  a  central  force  can  be  illustrated  by 
a  very  simple  experiment.  If  a  bullet  is 
attached  to  a  long  fine  string  and  whirled 
round  rapidly  in  a  vertical  plane,  and  the 
string  is  allowed  to  coil  itself  on  a  horizontal 
nail,  the  bullet  will  approach  the  nail  in  a 
spiral  path,  and  it  will  be  observed  that  the 
time  occupied  by  the  bullet  in  making  a 
complete  revolution  about  the  nail  dimin- 


ishes as  the  bullet  approaches  the  nail.  It  is 
])ot  possible  to  arrange  the  experiment  so  as 
to  make  very  accurate  measurements,  but 
roughly  it  can  be  seen  that  the  area  described 
by  the  radius  vector  from  the  nail  to  the  bul- 
let in  any  time  is  proportional  to  the  time. 
The  same  principle  explains  the  increasing 
rapidity  of  a  dancer's  pirouette,  as  he 
straightens  himself  up  and  draws  in  his 
limbs  as  close  as  possible  to  his  axis  of 
rotation. 

It  is  important  to  observe  that  the  law  of 
equal  areas  holds,  no  matter  what  may  be 
the  shape  of  the  path  described  or  the  inten- 
sity of  the  force,  provided  only  that  the 
force  is  constantly  directed  to  the  same 
point.  The  following  experiment  shows  that 
the  law  of  equal  areas  holds  for  a  body 
describing  an  elliptic  path  under  the  action 
of  a  force  varying  directly  as  the  distance, 
and  directed,  not  to  the  focus  of  the  ellipse, 
but  to  its  center. 

Let  a  vessel,  having  a  small  hole  in  its 
bottom,  be  filled  with  very  fine  sand,  and 
suspended  from  a  hook  by  a  long  string. 
If,  now,  the  vessel  is  drawn  aside  from  the 
vertical  and  swings  round,  the  track  made 
by  the  sand  on  the  floor  will  be  an  ellipse. 
The  force  that  constrains  the  vessel  to  move 
in  an  elliptic  path  is  the  horizontal  compo- 
nent of  gravity  which  is  directed  toward  the 
center  of  the  ellipse  and  is  proportional  to 
the  distance  of  the  vessel  from  the  center. 
This  highly  instructive  experiment  was  de- 
vised by  Jeremiah  Horrox,  a  very  brilliant 
astronomer,  and  one  of  the  earliest  uphold- 
ers of  the  Keplerian  theories,  who  was  born 
in  Lancashire,  England,  in  1619,  and  died 
very  suddenly  on  the  3d  of  January,  1640,  in 
the  twenty-second  year  of  his  age.  When  a 
planet  is  at  the  point  of  its  orbit  nearest  to 
the  sun  it  is  said  to  be  in  perihelion^  and 
when  it  is  at  the  point  most  remote  from  the 
sun  it  is  said  to  be  in  aphelion.  It  has  been 
observed  that  the  aphelia  of  the  planetary  or- 
bits are  not  fixed,  bi;t  have  a  slow  progressive 
motion  ;  the  motion  of  the  earth's  aphelion 
has  a  period  of  about  108,000  years.  Horrox 
was  asked  by  his  astronomioed  friend,  Will- 
iam Crabtree,  for  an  explanation  of  the 
motion  of  the  aphelia  of  the  planetary  orbits, 
and  he  devised  the  experiment  we  have  just 
quoted  to  explain  it.  In  a  general  way  this 
experiment  illustrates  the  cause  of  the 
motion  of  the  aphelia ;  although  the  orbit 
described  by  the  vessel  differs  essentially 
from  a  planetary  orbit  in  that  it  is  described 
under  the  action  of  a  force  directed  to  the 
center  of  the  ellipse  and  not  to  the  focus. 
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The  experiment  shows  that  Horrox  had  a 
very  clear  idea  of  the  way  an  orbit  results 
from  the  combination  of  a  projectile  velocity 
and  the  action  of  a  central  force.  The  con- 
temporaries of  Newton  could  get  no  further 
than  this,  and  it  required  his  transcendent 
genius  to  discover  the  law  of  the  force. 
Newton  had  studied  attentively  Horrox*  s 
contributions  to  the  theory  of  the  lunar 
motions,  and  always  spoke  of  Horrox  as  a 
genius  of  the  first  rank. 

It  is  easy  to  imagine  a  case  in  which  an 
elliptic  orbit  is  described  by  a  body  that  is 
not  acted  on  by  a  central  force.  For  exam- 
ple, we  can  imagine  a  bead  to  slide  on  a  per- 
fectly smooth  wire  bent  into  the  shape  of  an 
ellipse.  In  this  case  the  constraining  force, 
which  at  every  point  is  normal  to  the  ellipse, 
is  not  constantly  directed  to  any  one  point, 
and  therefore  there  is  no  equable  description 
of  areas. 

When  a  bullet  is  whirled  round  in  a  circle 
at  the  end  of  a  string,  it  tends  to  move  in  a 
straight  line,  in  accordance  with  the  first 
law  of  motion,  and  therefore  it  exerts  a 
certain  pull  outward  upon  the  string ;  this 
force  with  which  the  bullet  tends  to  fly 
outward  from  the  center  about  which  it  is 
revolving  is  called  a  centrifugal  force;  in 
order  that  the  bullet  may  be  constrained  to 
move  in  a  circle,  its  centrifugal  force  must 
be  balanced  by  an  equal  and  opposite  pull 
inward  upon  tiiie  string,  and  this  constrain- 
ing force  is  called  a  centripetal  force.  The 
person  holding  the  string  is  conscious  of 
exerting  this  centripetal  force,  and  it  is 
evident  that  the  string  might  be  cut  and  the 
bullet  continue  to  move  in  the  same  circle  if 
the  same  force  is  applied  to  the  bullet  in 
any  other  way.  By  the  law  of-  centrifugal 
force,  discovered  independently  by  Newton 
and  by  Huygens,  the  magnitude  of  the  cen- 
tripetal force  per  unit  of  mass  of  a  body 
revolving  with  uniform  velocity  v  in  a  circle 

of  radius  r  is  -.    Assuming  the  orbits  of 

two  planets  to  be  circles,  let  /  and  f  repre- 
sent the  centripetal  forces  per  unit  mass 
acting  on  them,  let  v  and  i/  denote  their 
velocities,  and  let  r  and  r'  be  the  radii  of 
their  orbits. 
Then,  we  have 


/  = 


and 


,./8 


r  =  -. 

r 


(1) 


(2) 


Also,  if  T  and  T'  are  their  periodic  times, 
we  have 


Tv  =  2  7rr, 
and                   TV  —  2nr^, 

(3) 
(4) 

From  equation  (3),  we  get 

*        47r«r« 

which,  substituted  in  (I),  gives 

4tr«r 

(5) 

T* 

In  like  manner,  from  (4)  and  (2),  we  get 

47r«r' 


r  =  -. 


va 
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(7) 


Dividing  (5)  by  (6),  we  have 

Now,  Kepler's  third  law  asserts  that 

(8) 


rpi 


./B 


Substituting  -3  for  -^  in  (7),  we  get 

(9) 


f         r       . 


that  is,         /:/^  =  ^:^         (10) 

Therefore,  if  Kepler's  third  law  is  true  for 
planets  revolving  in  circular  orbits,  the 
force  per  unit  mass  acting  on  the  planet 
must  vary  inversely  as  the  square  of  its 
distance  from  the  sun.  It  can  also  be 
proved  that  the  same  conclusion  follows 
from  Kepler's  third  law  when  applied  to 
elliptic  orbits,  but  the  proof  is  somewhat 
mathematical. 

So  far  as  we  know,  no  experiment  has 
ever  been  devised  in  which  a  body  is  made 
to  describe  an  orbit  under  the  action  of  a 
force  varying  inversely  as  the  square  of  the 
distance;  but  in  the  following  experiment 
such  a  motion  is  imitated  approximately. 
A  small  steel  bead  is  suspended  by  a  very 
long  silk  thread,  and  a  powerful  cylindrical 
magnet  is  placed  upright  vertically  under 
the  point  of  suspension.    When  the  bead  is 
drawn  aside  from  the  vertical  and  swung 
round,  it  describes  an  orbit  under  the  action 
of  a  force  directed  toward  the  magnet.    This 
force  is  made  up  of  two  parts:  first,  the 
magnetic  attraction,  which  varies  inversely 
as  the  square  of  the  distance ;  and,  second, 
the  horizontal  component  of  gravity,  which 
varies  directly  as  the  distance.    If  the  mag- 
net is  very  powerful  and  if  the  thread  is  very 
long  in  comparison  with  the  dimensions  of 
the  orbit  described,  the   horizontal    com- 
ponent of  gravity  is  very  small  compared 
with  the  magnetic  attraction.    In  this  case, 
approximately,  the  bead  describes  an  ellip- 
tic orbit  under  the  action  of  a  force  varying 
inversely  as  the  square  of  the  distance  and 
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directed  toward  the  magnet,  which  is  the 
focus  of  the  ellipse. 

Prom  Kepler's  three  laws,  therefore,  it 
was  clear  to  Newton  that  the  motions 
of  the  solar  system  depended  on  a  central 
force  directed  toward  the  sun  and  varying 
inversely  as  the  square  of  the  distance.  In 
like  manner  the  motion  of  a  satellite  is  con- 
trolled by  a  central  force  directed  toward 
its  primary  and  varying  inversely  as  the 
square  of  the  distance. 

It  appears,  then,  that  the  motions  of  the 
planets  and  their  satellites  can  be  explained 
by  such  a  hypothetical  force  as  we  have 
described ;  but  the  question  yet  remains.  Is 
there  actually  such  a  force?  The  force  of 
gravity,  that  causes  the  rain  to  fall  and  the 
waters  of  the  rivers  to  flow  down  to  the  sea, 
had  long  been  a  subject  of  investigation  by 
mathematicians  and  philosophers,  and  many 
of  them  had  attempted  to  invoke  this  old 
familiar  force  in  the  solu- 
tion of  this  very  problem. 
It  has  sometimes  been 
stated  that  Newton  dis- 
covered  gravity,  but  as  a 
matter  of  fact,  men  in  his 
time  and  before  it  talked 
as  glibly  as  we  do  of  the 
force  of  gravity.  Galileo 
had  discussed  and  estab- 
lished the  laws  of  bodies 
fieJling  freely  under  the 
action  of  gravity,  but  he 
had  assumed  that  the  force 
of  gravity  is  constant,  and 
his  laws  of  falling  bodies 
are  true  only  when  the  variation  of  distance 
from  the  earth's  center  is  so  small  that  the 
consequent  change  in  the  force  of  gravity  is 
insensible.  How,  then,  could  Newton  deter- 
mine whether  gravity  is  exactly  equivalent 
to  the  hypothetical  force  which  would 
explain  the  motions  of  the  planets  and  satel- 
lites? Newton  knew  that  if  a  stone  were 
projected  horizontally  near  the  surface  of  the 
earth  the  force  of  gravity  would  draw  it 
down  through  a  distance  of  16  feet  in  one 
second.  Now,  if  the  moon  behaves  as  a 
projectile  acted  on  by  gravity,  and  if  gravity 
varies  inversely  as  the  square  of  the  distance, 
then  the  distance  through  which  the  moon, 
in  one  second,  is  drawn  toward  the  center  of 
the  earth,  and  away  from  its  straight  path, 
should  be  equal  to  16  feet  multiplied  by  the 
square  of  the  ratio  of  the  earth's  radius  to 
the  radius  of  the  moon's  orbit.  The  moon's 
orbit  is  approximately  a  circle  whose  radius 
is  60  times  the  radius  of  the  earth.    There- 


fore, the  moon  ought  to  fall  toward  the  earth 
16  X  (^)*  feet  in  a  second,  or  16  feet  in  a 
minute.  Let  the  circle  in  the  figure  repre- 
sent the  moon's  orbit,  E  being  the  center  of 
the  earth  and  M  the  center  of  the  moon. 
If  the  moon  were  not  acted  on  by  any  force  it 
would  move  along  the  tangent  to  the  circle 
at  if,  and  a  minute  later  it  would  reach  the 
position  A  ;  but  being  acted  on  by  a  force  to 
the  center  of  the  earth,  it  actually  arrives  at 
a  point  on  the  circle  that  coincides  very 
approximately  with  the  point  By  having  been 
drawn  toward  the  earth  through  the  distance 
A  B.  Since  the  arc  if  ^  is  very  small,  the 
distance  ^  ^  is  nearly  equal  to  if  C,  which  is 
the  versine  of  the  arc  MB.  The  periodic 
time  of  the  moon  is  39,343  minutes,  and 
therefore,  if  we  denote  the  radius  of  the 
earth  by  a,  the  moon  in  one  minute  describes 
an  arc  equal  to  2  tt  X  60  a  -r-  39,343. 
If,  then,  the  earth's  radius  is  known,  the 

arc  MB  and  its  versine  M  C 
can  be  calculated.  Newton, 
in  1666,  assumed  that  a 
degree  of  latitude  on  the 
earth's  surface  measures  60 
miles — whereas  it  actually 
measures  69}  miles — 
whence  he  calculated  the 
earth's  radius  to  be  3,400 
miles,  instead  of  the  correct 
value,  which  is  almost  4,000 
miles.  With  his  erroneous 
data,  Newton  found  MC  to 
be  13.9  feet,  instead  of  16 
feet.  Taking  4,000  miles 
as  the  earth's  radius,  MC 
is  found  to  be  16  feet  almost  exactly.  This 
error  in  regard  to  the  earth's  radius  pre- 
vented Newton  from  obtaining  the  clear  veri- 
fication of  his  hypothesis,  which  the  correct 
figures  would  have  given ;  yet  the  discrepancy 
does  not  appear  to  have  shaken  his  faith  that 
gravity,  varying  inversely  as  the  square  of 
the  distance,  acted  on  the  moon.  Comment- 
ing on  this  computation,  by  which  he  com- 
pared the  force  requisite  to  keep  the  moon  in 
her  orbit  with  terrestrial  gravity,  he  says  he 
Jound  they  corresponded  pretty  nearly. 
William  Whiston,  who  succeeded  Newton  as 
Lucasian  professor  of  mathematics  at  Cam- 
bridge, in  his  **  Memoirs  of  His  Own  Life," 
has  given  notes  of  a  conversation  that  he 
had  with  Newton,  in  which  Newton  inti- 
mated that  he  considered  it  possible  that 
some  other  force  acted  on  the  moon  as 
well  as  gravity  ;  this  other  force  he  imagined 
might  be  Descartes' s  vortices.  This  account 
is  confirmed  by  Pemberton,  who  acted  as 
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editor   of  the   third    edition   of  Newton's 
Principia. 

At  this  time  Newton  was  absorbed  in  other 
stndies,  and  attached  very  little  importance 
to  his  investigations  with  regard  to  gravita- 
tion. The  computation  referred  to  was 
made  when  he  was  in  the  country  and 
had  not  access  to  books,  yet  he  laid  it  aside 
for  years  and  made  no  attempt  to  check  the 
calculation  when  he  returned  to  Cambridge, 
where  he  could  have  obtained  a  more  correct 
measurement  of  the  earth.  Both  Pemberton 
and  Whiston  state  expressly  that  Newton  was 
disappointed  with  the  verification  the  com- 
putation gave  to  bis  hypothesis;  and  that 
some  time  afterward,  when  M.  Picartt,  in 
France,  had  more  accurately  measured  a 
degree  of  latitude  and  found  it  to  be  69}  miles, 
Newton  renewed  his  calculation  and  found 
the  verification  of  his  hypothesis  completed. 
The  late  Prof.  John  Couch  Adams,  than 
whom  none  was  more  competent  to  form  a 
judgment,  said  that  Pemberton  and  Whiston 
were  mistaken  in  supposing  that  Newton  was 
disappointed.  Newton  knew  that  the  orbit 
was  not  truly  circular  and  that  his  numerical 
data  were  not  exact,  and  it  would  have  been 
absurd  for  him  to  expect  anything  more  than 
a  rough  verification  of  the  hypothesis.  Prof. 
Adams  maintains  that,  in  1666,  Newton  was 
convinced  that  gravity  alone  holds  the  moon 
in  her  orbit,  and  that  gravity  is  due  to  the 
fact  that  every  particle  of  matter  attracts 
every  other  particle  with  a  force  that  varies 
directly  as  the  product  of  their  masses  and 
inversely  as  the  square  of  the  distance 
between  them.  Fortunately,  the  question  is 
of  little  importance,  for  there  is  no  doubt 
about  the  conclusion  to  which  he  finally 
came. 

With  regard  to  the  attempted  verification, 
we  may  add  that  when  the  earth's  radius  is 
taken  as  4,000  miles,  the  calculated  value  of 
the  versine  ^f  C  agrees  closely  with  that 
required  by  the  hypothesis ;  but  when  the 
most  accurate  modern  value  of  the  earth's 
radius  is  taken,  the  agreement  is  only 
approximate.  This  is  due  to  the  fact  that 
the  moon  is  subject  to  great  disturbing  forces 
and  therefore  its  orbit  diflers  considerably 
from  that  which  it  would  describe  if  acted 
on  by  the  earth's  attraction  alone. 

At  this  time  Newton  had  discovered  that 
the  planetary  motions  are  governed  by  a 
central  force  varying  inversely  as  the  square 
of  the  distance ;  but  the  general  opinion, 
from  which  Prof.  Adams  is  a  solitary,  though 
very  formidable  dissentient,  is  that  he  did 
not  know  that  this  force  is  gravity  alone. 


From  Kepler's  third  law  it  follows,  as  we 
have  seen,  that  the  force  that  holds  the 
planets  in  their  orbits,  whatever  it  may  be, 
is  exerted  on  all  the  planets  alike,  and  is  not 
elective,  like  magnetic  or  chemical  attraction. 
If  the  earth  were  taken  from  its  orbit  and 
launched  into  the  orbit  of  any  other  planet 
with  that  planet's  velocity  and  direction  in 
that  part  of  the  orbit,  the  earth  would 
describe  the  same  orbit  as  that  planet  in  the 
same  time,  and  at  each  point  would  have  the 
same  velocity.  This  statement  requires  a 
minute  correction,  due  to  the  difierenee 
between  the  mass  of  the  earth  and  the  mass 
of  the  planet 

In  these  investigations  Newton  treated  the 
sun,  planets,  and  satellites  as  bodies  so  small 
that  their  dimensions  could  be  neglected  in 
comparison  with  the  distances  between  them ; 
he  did  not  yet  know  how  to  determine  the 
attraction  of  a  solid  body  on  an  external 
particle,  nor  did  he  know  that  the  earth's 
attraction  was  directed  exactly  to  its  center. 
Indeed,  the  investigations  of  1666  had 
scarcely  touched  upon  the  edge  of  this  great 
subject,  and  would  long  since  have  been 
buried  in  oblivion,  but  for  his  later 
researches.  Newton's  friends,  who  were 
associated  with  him  in  his  mathematical  and 
scientific  labors,  attach  very  little  impor- 
tance to  his  work  on  gravity  in  1666,  and 
have  given  very  meager  accounts  of  it,  rightly 
considering  that  the  important  events  of 
Newton's  career  at  this  period  were  his  dis- 
coveries in  pure  mathematics  and  in  optics. 
Yet  this  is  the  step  in  Newton's  discovery  to 
which  popular  writers  have  given  most 
notice,  and  many  of  them  have  ignored  com- 
pletely all  the  other  far  more  important  steps. 

As  to  the  origin  of  these  investigations, 
Pemberton,  speaking  from  Newton  himself, 
says  that  bis  thoughts  first  turned  to  the 
subject  while  meditating  in  a  garden,  but 
no  mention  is  made  of  any  apple  foiling. 
One  of  the  authorities  for  the  apple  story  ia 
Mr.  Robert  Greene,  M.  A.,  who  is  remem- 
bered chiefly  as  the  author  of  a  treatise  on 
**  Solid  Geometry, "  of  which  a  competent 
critic  says,  ^'  the  gentleman  has  been  reputed 
mad  for  these  two  years  past,  but  never 
gave  the  world  such  ample  testimony  of  it 
before."  Mr.  Greene  also  published  another 
treatise  of  981  folio  pages,  in  which  he  proved 
to  his  own  satisfaction  that  the  circumfer- 
ence of  a  circle  is  equal  to  3^  times  its  diatu- 
eter.  Voltaire,  who  did  much  to  introduce 
the  Newtonian  philosophy  into  France, 
states,  on  the  authority  of  Mrs.  Conduitt^ 
Newton's  niece,  that   Newton  was  led  to 
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think  of  gravitation  by  the  fall  of  an  apple. 
The  story  is  also  found  among  the  papers  of 
Mr.  Ck>ndtiitt,  who  was  Newton's  assistant 
at  the  Mint,  in  the  draft  of  a  memorandum 
prepared  to  be  sent  to  Fontenelle,  in  France. 
But  Fontenelie,  though  a  great  retailer  of 
anecdote,  does  not  mention  it,  and  there- 
fore there  is  reason  to  suspect  that  Oonduitt 
omitted  it  from  the  memorandum  sent  to 
France.  IP  Israeli  works  a  little  more  artistic 
detail  into  the  story :  ''  the  apple,"  he  says, 
'*  struck  him  a  smart  blow  on  the  head  ;  he 
was  surprised  at  the  force  of  the  stroke,  and 
this  led  him  to  consider  the  accelerating 
motion  of  falling  bodies.*'  No  doubt  a 
phrenologist  would  say  that  the  apple, 
under  the  guidance  of  Minerva,  struck  him 
exactly  on  the  bump  of  causality. 

In  addition  to  these  eminent  authorities, 
the  story  received  strong  confirmation  from 
the  fact  that  there  was  an  apple  tree  actually 
growing  at  Woolsthorpe,  until  it  died,  in 
1820.  Sir  David  Brewster,  who  has  written 
a  life  of  Newton,  brought  away  a  piece  of  a 
root  of  the  tree  in  1814 ;  but  history  does 
not  record  whether  this  was  the  cause  of  its 
death  or  not.  Some  authors  are  not  content 
with  a  single  apple,  but  speak  of  a  shower 
of  small  apples.  Every  version  of  the  story 
can  be  traced  directly  to  Newton's  favorite 


niece,  Mrs.  Oonduitt,  who  lived  with  him  in 
his  old  age.  It  is  certain  that  she  did  not 
invent  a  false  story  ;  but  it  is  to  be  remem- 
bered that  a  lady  of  that  time  would  cer- 
tainly not  have  the  training  or  knowledge 
that  would  enable  her  to  understand  the 
steps  by  which  Newton  was  led  up  to  the 
law  of  gravitation  ;  it  is  probable  that  New- 
ton, in  explaining  his  discovery  to  her,  used 
the  fall  of  an  apple  as  an  illustration ;  and, 
between  Mrs.  Oonduitt  and  the  authors  who 
have  used  the  story  since,  it  has  acquired 
an  undue  importance.  The  fact  is  that 
Newton  could  not  have  avoided  thinking  of 
this  problem,  unless  he  had  been  able  to  cut 
himself  off  from  all  reading  of  scientific 
books,  and  from  all  communication  with  his 
scientific  contemporaries. 

This  closes  the  history  of  the  investiga- 
tions in  the  year  1666 ;  we  have  yet  to  speak 
of  the  incomparably  more  brilliant  and 
important  chain  of  reasoning  and  calculation 
by  which  Newton  finally  established,  as  a 
law  of  the  universe,  the  doctrine  that  in  1666 
was  merely  a  plausible  hypothesis,  supported 
by  a  solitary  very  incomplete  verification. 
Newton  never  evinced  undue  haste  in  pub- 
lishing his  discoveries,  and  it  was  not  until 
many  years  afterward  that  any  one  knew 
of  what  he  had  been  doing. 
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Characteristic    Features — ^The    Laramie    Formation — ^The    Great    Tertiary    Lake. 

Researches  of  Professor  Marsh. 


WITH  many  otheis  who  took  advantage 
of  cut  rates,  we  have  just  returned 
from  a  flying  trip  to  California.  Our 
route,  both  ways,  was  by  the  Central  Union 
Pacific  Railroad.  The  scenery  of  four-fifths 
of  the  journey  may  be  briefiy  described  as 
alkali,  -rocks,  and  sage  brush,  with  the  occa- 
sional absence  of  sage  brush  ;  this  describes 
Wyoming  and  the  greater  portion  of  Utah. 
The  other  one-fifth  is  the  oasis  around  Ogden, 
and  the  Wasatch  Range  in  Utah,  and,  finally, 
the  paradise  of  California,  which  rewards  our 
three  days  of  desert  traveling. 

Desolate  and  monotonous  in  the  extreme 
as  is  so  large  a  portion  of  the  route,  it  yet 
afiTords  a  certain  interest  to  the  traveler, 
who  perhaps  for  the  first  time  in  his  life 
▼lews  a  real  desert,  while  to  the  geologist 
the  whole  journey  is  fraught  with  peculiar 


interest.  In  less  than  three  days  he  trav- 
erses, views,  and  traces  the  structure  and 
history  of  the  most  important  part  of  this 
continent,  its  extreme  barrenness  enabling 
him  to  see  the  anatomy  of  the  rocky  skel- 
eton here  laid  bare,  but  which  in  other 
regions  is  usually  concealed  with  verdure. 

For  others  that  may  take  a  similar  jour- 
ney, we  offer  a  sketch  that  may  break  the 
monotony  of  alkali,  sage  brush,  and  rocks 
that  are  constantly  flitting  past  their  win- 
dows, and  infuse  them  with  a  lively  interest 
in  passing  scenes  by  describing  something 
of  their  history,  and  recounting  the  wonders 
that  lie  beneath  the  surface. 

From  Denver  to  Cheyenne  the  prairie  is 
a  flat  table,  and  would  also  come  under  the 
ban  of  alkali,  sage  brush,  and  rocks  were 
it  not  that  the  two  centers  of  civilization, 
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Denver  and  Greeley,  have  spread  out  their 
arms  in  a  network  of  irrigating  ditches  over 
it,  and  converted  the  desolate  prairie,  to 
within  a  few  miles  of  Cheyenne,  into  a  long 
strip  of  farms  and  farm  land. 

The  waters  of  the  Platte,  the  St.  Vrain, 
and  the  Cache  le  Poudre  Rivers  have  all 
been  made  to  contribute  to  irrigation,  and 
the  result  is  a  series  of  thriving  little  towns, 
extending  all  along  the  once  desolate  path 
of  the  Union  Pacific  Railroad.  Some  forty 
miles  to  the  west  of  us,  parallel  to  the  route, 
are  the  snow-capped  mountains,  which  attain 
their  highest  elevation  opposite  Denver, 
averaging  14,000  feet,  and  dwindle  in  height 
and  break  up  into  low  ranges  as  we  near 
Cheyenne,  Wyoming. 

The  flat  surface  we  have  traveled  over  is 
covered  with  a  few  feet  of  drift  pebbles, 
carried  from  the  granite  mountains  by  the 
large  bodies  of  water  that  covered  this  area 
after  the  melting  of  the  glaciers  that  at  one 
time  occupied  every  cafion  and  ravine  in 
the  Rockies  in  the  glacial  epoch. 

Immediately  below  the  surface  drift  lies 
the  coal  strata  of  Colorado  ;  then  a  series  of 
sandstones,  containing  many  fossil  leaves  of 
tropical  vegetation,  together  with  several 
valuable  seams  of  coal  at  greater  depths. 
These  deposits  were  formed  by  a  lake  of 
Upper  Cretaceous  times,  whose  banks  and 
islands  were  covered  with  tropical  vegeta- 
tion, such  as  palmetto,  fig,  plane,  magnolia, 
sassafras,  and  sweet-gum  trees.  As  these 
beds  are  best  developed  in  the  great  plains 
around  Laramie  City,  where  they  form 
extensive  tablelands  over  a  large  portion  of 
Eastern  and  Western  Wyoming,  geologists 
have  named  it  the  Luramie  formation. 
From  this  formation,  throughout  Colorado, 
Wyoming,  and  Utah,  our  Western  coal  is 
mined.  Below  this,  underlying  the  prairie, 
an  Artesian  well  would  show  the  successive 
formations  composing  the  earth's  crust,  until 
finally  bed-rock  granite  would  be  reached. 

It  may  seem  strange  that  a  region  but 
lately  so  desolate  and  void  of  water,  once 
bloomed  with  the  rampant  vegetation  of  the 
tropics,  and  was  covered  with  more  water 
than  necessary  for  farming,  since  a  succes- 
sion of  enormous  lakes  extended  pretty 
nearly  from  the  Rocky  Mountains  to  beyond 
Omaha.  Now,  again,  after  millions  of  years 
of  aridity,  the  vast  waste  is  being  partially 
restored  to  its  former  fertility  by  the  hand 
of  man,  and  it  has  a  vegetation  very  differ- 
ent, but  much  more  useful,  than  that  with 
which  nature  originally  clothed  it. 

We  cross  the  boundary  of  Colorado  and 


enter  Wyoming  near  Cheyenne.  Nature  has 
done  little  and  can  do  little  for  this  impor- 
tant city,  situated  on  an  arid  plain.  Its 
growth  is  a  result  of  an  artificial  civilization 
dependent  more  or  less  on  the  Union  Pacific 
Railroad.  Now  the  track  ascends  slightly, 
till  at  Sherman,  about  10,000  feet  above  sea 
level,  we  cross  the  top  of  a  low  spur  of  the 
Rocky  Mountains,  which  is  continued  in  a 
northeasterly  direction,  in  what  is  called  the 
Black  Hills  of  Laramie.  As  far  as  the  eye 
can  reach  we  see  tableland  after  tableland  of 
sandstone  of  the  Laramie  coal  formation.  A 
continuation  of  the  great  Cretaceous  lake  and 
its  beds  has  been  tilted  up  on  either  side  of 
the  Black  Hills,  leaving  the  under  forma- 
tion exposed,  some  of  which  is  of  a  brick-red 
color,  called  the  Triassic.  Wyoming  has  a 
much  more  rolling  bluff  and  tableland  char- 
acter than  our  Colorado  prairies,  and  it  is 
between  these  bluffs  and  tablelands,  in  the 
bottoms  occupied  by  streams,  that  such  vast 
herds  of  cattle  derive  sustenance  and  protec- 
tion, and  which  has  made  it  a  great  cattie- 
raising  country.  The  rolling  character  is 
due  apparently  to  the  disturbance  caused  by 
the  uprising  of  the  Black  Hills,  which  has 
crushed  and  folded  the  underlying  strata 
into  gentle  undulations  between  it  and  the 
Wasatch  Range.  To  the  west  the  table- 
lands result  from  ancient  as  well  as  modern 
drainage  of  the  country  cutting  up  the  hori- 
zontal strata  by  ever  widening  ravines. 

To  a  geologist,  one  of  the  first  and  most 
interesting  localities  along  the  route  is  at 
Como  Station,  now  called  Aurora,  where  the 
strata   have   been   folded   up  and  cut   by 
erosion  into  bluffs.    Here  the  writer  spent  a 
year  for  Professor  Marsh,  excavating  huge 
fossil  lizards  from  the  bluffs  in  the  vicinity. 
The  remains  of  these  animals  were  found 
sticking  out  of  the  clay  of  the  bluffs,  or 
portions  of  them  had   rolled   down   from 
above  and  were  lying  at  their  bases ;   the 
bones  were  black  with  iron  oxide,  and  com- 
pletely turned  to  stone.    Many  carloads  of 
bones  of  these  and  several  other  varietiee 
of  animals  that  were  found  were  sent  to  the 
Yale  Museum.    Some  of  these  great  lizards 
were  from  50  to  60  feet  in  length,  and  stood 
as  high  as  25  feet,  as  is  shown  by  their 
colossal  limbs ;  the  thigh  of  one  measured 
8  feet  in  length,  while  the  size  and  length  of 
the  body  and  the  enormous  tail  may   be 
estimated  by  the  great  vertebrae  found,  some 
of  which  were  12  to  20  inches  in  diameter, 
resembling   an   ordinary   buffet,    or   small 
barrel.    The  heads  were  small  and  lizard- 
like.   We  might  compare  them  to  gigantic 
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alligators,  walking  on  tall,  massiye  legs  like 
an  elephant    The    feet  were  armed  with 
claws;   the  jaws   contained  a  numher   of 
teeth,  some  6  inches  in  length,  and  were 
spoon-shaped  in  one  species,  showing  their 
diet  was  herbivorous.    In  others,  the  bones 
were  lighter  and  hollow  ;  the  hind  legs  were 
much  longer  than  the  fore  legs,  showing  that 
the  animal  was  more  like  a  kangaroo,  and 
progressed  by  leaps.    The  jaws  were  armed 
with  formidable  saber-shaped  teeth,  while 
the   claws  were  long,  sharp,  and  curved, 
proving  its  habits  to  have  been  carnivorous. 
Another  species,  some  40  to  60  feet  long, 
was  covered  with  plates  of  armor,  like  a 
tortoise,  and  along  the  crest  and  the  back 
extended  a  series  of  long,  sharp  spines,  two 
feet  in  length,  and  six  or  eight  inches  wide 
at   the  butt.     It  must   have  resembled  a 
gigantic  homed  toad,  only  that  its  hind  feet 
were  very  much  longer  than  its  fore  limbs, 
hence  it  must  have  also,  at  times,  walked 
kangaroo-fashion;   its   spoon-shaped   teeth 
showed    it    to    have    been     herbivorous. 
Besides   these  were  several  much  smaller 
species,  no  larger  than  a  cat,  but  also  of  the 
kangaroo   type.     Several  small  mammals, 
allied   to   the  kangaroo  family,  were  dis- 
covered, and  also  a  fossil  pterodactyl.    All 
of  these  are  now   in   the   Yale   Museum. 
Looking  out  on  these  desolate  stations  a 
fellow  traveler  remarked,  "If  I  were  con- 
demned for  a  crime  and  had  my  choice  of 
life  at  the  penitentiary  or  at  one  of  these 
stations,  I  would  take  the  penitentiary  every 
time.'*    The  writer  has  been  through  the 
mill  and  has  a  lively  recollection  of  the 
utter  desolation  of  these  spots,  especially  in 
winter ;  for  days  together  the  station,  not  50 
yards  distant,  was  invisible  to  us  in  the 
perpetual    blizzard,    and,  with    the   ther- 
mometer 30°  below  zero,  we  hugged  a  red- 
hot  stove,  and  fried  on  one  side  and  froze  on 
the  other ;  the  only  music  to  relieve  the 
monotony  was  the  chorus  of  coyotes  after 
sunset,  and  ideas  and  conversation  seemed 
to  cease  for  lack  of  material  and  ordinary 
interest.    The  only  redeeming  feature  was  a 
certain   indescribable   charm  of  wildness ; 
outside  of  that  and  our  scientific  interests, 
we  were  inclined  to  agree  with  the  traveler, 
or  with  one  of  the  party,  who  said,  "such 
a  region  is  only  fit  for  the  departed  spirits  of 
the  Indians."    But  night  throws  a  veil  over 
the  scene,  and  then   we  pass  Freeze-Out 
Mountain,  Red  Desert,  and  other  charming 
spots,  and  on  awakening  next  morning  we 
are  still  looking  out  on  alkali,  sage  brush,  and 
rocks.    There  is  a  little  more  rock,  however. 


as  the  names  of  the  stations  imply :  Black 
Buttes,  Point  of  Rocks,  Rock  Springs,  etc., 
for  we  are  passing  through  a  thick  section  of 
the  Laramie  coal  formation.  Strata  upon 
strata  of  brown  sandstone,  dipping  at  a 
moderate  angle  to  the  northeast,  appear  on 
either  side  of  the  track,  and  below  and 
between  them  flows  the  sluggish  Green 
River ;  but  occasionally  over  the  rampart  of 
stone  we  get  glimpses  of  similar  endless 
blufOs  and  tablelands  of  the  same  formation. 

We  are  now  entering  a  coal  district,  and 
are  not  surprised  to  see  several  outcrops  of 
coal  along  the  side  of  the  track,  or  exposed 
in  the  cliffs,  and  presently  reach  Rock 
Springs,  an  important  coal-mining  town. 
Here  are  several  seams  of  coal  of  excellent 
quality,  some  of  great  thickness.  As  many 
as  seventeen  have  been  pierced  by  a  bore 
hole.  Evanston,  some  miles  farther  on,  and 
Rock  Springs,  are  the  principal  coaling 
districts  of  the  Union'  Pacific  Railroad  in 
this  region.  Had  we  time  to  stop  we  could 
procure  from  these  desolate  bluffs  an  ample 
collection  of  the  abundant  and  luxurious 
vegetation  that  once  grew  here  and  is  now 
entombed  in  stone ;  but  the  train  carries  us  on 
to  a  slightly  different  region  ;  the  great  brown 
sandstones  dip  below,  and  are  covered  over  by 
beds  of  an  ashen-gray  and  greenish  color. 
They  are  perfectly  horizontal,  and  it  needs 
little  imagination  to  conceive  that  here  is  the 
relic  of  another  great  lake  of  more  recent 
origin,  formed  on  the  partially  upturned 
backs  of  its  predecessors,  the  Laramie  lake 
beds.  The  Green  River  cuts  through  this  soft 
formation,  and  has  molded  it  into  all  sorts  of 
monuments  and  grotesque  forms,  besides 
dividing  it  up  into  a  labyrinth  of  tablelands, 
crowned  with  isolated  castles  and  round 
towers  of  sandstone  of  red,  gray,  and  green 
colors,  like  the  ruins  of  some  city  of  the  dead. 

Again,  as  we  look  north,  as  far  as  the  eye 
can  reach  stretches  this  dreary  but  singular 
labyrinth  of  tables  and  castles  and  monu- 
ments of  fantastic  shapes,  all  of  clay  and 
sandstone,  and  we  get  some  idea  of  what  a 
vast  area  this  more  modern  Tertiary  lake 
covered,  and  how  long  its  continuance  must 
have  been  over  this  area  to  accumulate  such 
a  thickness  of  sediment,  since  Green  River, 
close  to  us,  cuts  600  feet  into  it,  and  yet  there 
is  no  sign  of  bottom  to  the  sediment. 

Professor  Marsh,  of  Yale,  who  was  the 
first  to  scientifically  explore  this  remarkable 
region,  estimates  the  lake  or  series  of  lakes 
to  have  extended  over  100  miles,  and  to 
have  accumulated  sediment  two  miles  in  ver- 
tical depth.    For  what  a  vast  period  of  time 
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must  these  lakes  have  existed  to  deposit 
such  a  thickness  of  material !  This  material 
was  derived  from  the  Wasatch  Bange  on  the 
west,  the  Uintah  Chain  on  the  south,  and 
the  Wind  River  Range  on  the  north.  All 
this  sediment  was  robbed  from  these  moun- 
tains and  brought  in  by  ancient  rivers  and 
deposited  in  this  lake.  This  lake  basin, 
which  is  now  8,000  feet  above  the  sea,  has 
since  suffered  by  erosion,  and  half  its  original 
thickness  has  been  washed  down  the  Colo- 
rado River,  of  which  the  Green  River,  which 
drains  the  area,  is  a  tributary.  This  same 
washing-away  action  has  brought  to  light 
the  remams  of  many  extraordinary  extinct 
animals  whose  remains  were  first  discovered 
by  Professor  Marsh,  projecting  from  the 
sides  and  cliffs  of  the  curious  tablelands. 
Many  of  them  nearly  equaled  the  elephant 
in  size,  while  in  other  respects,  though  they 
were  the  ancestors  of  the  present  fiauna,  they 
can  scarcely  be  compared  with  anything  now 
living.  These  gigantic  beasts,  judging  from 
the  abundance  of  their  remains,  must  have 
roamed  in  great  numbers  about  the  borders 
of  this  ancient  tropical  lake. 

As  we  look  from  the  train  over  the  singu- 
lar ''bad  lands"  we  see  that  it  is  a  region 
destitute  of  vegetation,  without  water,  and 
without  a  green  thing  to  refresh  the  eye 
except  sage  brush.  Nothing  but  fantastic 
and  monotonous  cliffs,  scorched  and  bleached 
by  the  summer  sun  and  winter  blizzards, 
meet  the  eye,  and  when  the  wind  blows  they 
are  covered  with  alkaline  dust  that  is  bum<- 
ing  to  the  eyes  and  scorching  to  the  lips  ;  in 
fihort,  it  is  a  region  utterly  solitary  and 
desolate,  and  we  may  well  admire  the  enthu- 
aiasm  for  research  that  prompted  Professor 
Marsh,  to  whom  is  due  the  discovery  and 
determination  of  these  strange  creatures, 
from  1871  to  1875  to  make  five  expeditions 
under  military  escort  into  this  repulsive 
desert.  His  discoveries  will  make  his  name 
illustrious  in  the  scientific  world. 

Among  the  animals  found  were  the  now 
celebrated  ancestors  of  the  horse,  the  eo-, 
plio-,  and  mio-hippus — ^little  horses  with  from 
three  to  five  toes,  very  unlike  our  modem 
ones.  The  three  mentioned  take  their  names 
from  the  ancient  lakes  in  which  they  were 
found.  Ancestors  of  the  tapir,  pig,  and 
monkey  were  found ;  also  various  carnivo- 
rous and  insect-eating  animals,  rodents,  and 
little  animals  like  kangaroos.  Crocodiles, 
tortoises,  lizards,  serpents,  and  fishes  were 
found,  as  might  be  expected,  in  abundance, 
while  palm  leaves  and  the  remains  of  other 
tropical  vegetation  that  grew  around   the 


banks  of  these  lakes  were  dug  up.  One  of 
the  most  extraordinary  and  gigantic  crea- 
tures, nearly  the  size  of  an  elephant,  but 
more  like  a  rhinoceros,  was  dug  out,  called 
the  dinosaur,  or  terrible  homed  beast.  It 
carried  no  less  that  six  rhinoceros  horns 
in  three  separate  pairs  from  its  forehead  to 
its  snout,  and  besides  this  its  jaw  was  armed 
with  two  long  downward-pointing  tusks, 
like  the  sea  horse  or  the  walrus. 

Professor  Marsh  recognizes  in  this  r^on 
a  succession  of  three  lakes,  the  Eocene,  the 
Miocene,  and  the  Pliocene,  one  superimposed 
at  different  times  above  the  other,  and  each 
characterized  by  distinctive  animals.  Collec- 
tively, these  deposits  reach  a  depth  of  two 
miles.  The  history  of  this  region  he  gives  as 
follows :  The  Eocene  lake  basins  lie  between 
the  Wasatch  on  the  west,  and  the  Rocky 
Mountains  on  the  east,  on  the  high  central 
plateau  of  the  continent  As  these  mountain 
chains  were  elevated,  the  enclosed  Cretaceous 
sea,  cut  off  from  the  ocean,  gradually  fresh- 
ened and  formed  these  extensive  lakes,  while 
the  surrounding  land  was  covered  by  a  rich 
tropical  vegetation  and  with  many  strange 
forms  of  animal  life.  As  the  upward  move- 
ment continued,  these  lake  basins,  which  for 
ages  had  been  filling  up,  preserving  a  iiaith- 
ful  record  of  their  life's  history,  were  slowly 
drained  by  the  deepening  of  the  outflowing 
rivers,  and  have  since  remained  dry. 

The  Miocene  lake  basin  was  on  the  flank 
of  this  region,  where  the  land  had  been 
only  since  the  Cretaceous  times.  It  con- 
tains the  remains  of  another  monster,  the 
brontotherium,  and  also  the  remains  of 
the  oriodon  and  of  the  Miocene  horse.  The 
climate  was  warm. 

The  Pliocene  lake  rests  unoomformably 
on  the  Miocene,  and  is  also  full  of  strange 
animals,  among  them  being  horses  more  like 
our  modem  ones. 

Such  is  the  life  and  geological  history  of 
these  barren  tablelands,  so  strange  in  form 
and  color,  through  which  we  pass  on  the 
Union  Pacific  Railroad ;  a  cemetery  of  the 
dead  past,  now  arid,  lifeless,  treeless,  once 
overflowing  with  water,  tropically  fertile, 
and  crowded  with  strange  forms  of  life.  At 
Green  River  we  stop  for  the  best  breakfast 
on  the  road,  and  the  train  hurries  on  to 
Evanston,  another  important  coal-mining 
center,  but  as  unpicturesque  and  uninterest- 
ing as  such  districts  usually  are.  We  are 
now  on  the  borders  of  Utah,  and  in  our  next 
article  shall  enter  it  through  the  fine  Echo 
and  Weber  cafions,  which  cut  through  the 
heart  of  the  Wasatch  Range. 


(To  he  Continued.) 
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Mrs.  Frederic  R.  Honey. 


The  Tkansvaal. 


BRITISH 
SOUTH  AFRICA 


THE  correct  name  of  the  state  commonly 
known  as  the  Transvaal  is  the  South 
African  Republic.  It  is  divided  from 
its  sister  government,  the  Orange  Free  State, 
by  the  river  Vaal,  and  the  two  lie  like  an 
island  surrounded  on  all  sides  by  the  British 
possessions  in  South  Africa. 

It  is  well  known  that  there  has  been  a 
difficulty  of  many  years'  standing  between 
Great  Britain  and  the  South  African  Repub- 
lic, and  American  sympathy  has  been  freely 
extended  to  the  weaker  party.  This  is  quite 
natural,  for  two  reasons.  In  the  first  place, 
there  is  a  traditional  belief  in  this  country 
that  Great  Britain  is  generally  in  the  wrong 
in  her  international  re- 
lations with  her  neigh- 
bors (except  with  the 
United  States  in  the 
year  of  grace  1898  ! ), 
and  that  she  is  always 
the  aggressor  if  a  diffi- 
culty arises  between 
her  and  a  weaker  stat6. 
This  is  a  hereditary 
condition  of  mind  that 
has  survived  through 
several  generations. 
The  fact  that  American 
citizens  have  been 
fellow  sufferers  with 
British  subjects  in  the 
Transvaal  may  have 
helped  to  undermine 
the  constitution  of 
this  lusty  prejudice; 
but  it  dies  hard.    In 

the  second  place,  the  Transvaal  is  in  name  a 
republic  ;  and  it  is  natural  that  the  Great  Re- 
public should  side  with  a  small  sister  in  her 
conflict  with  *  *  an  effete  monarchy. ' '  But  it  is 
possible  for  a  state  to  have  the  name  and  not 
the  nature  of  a  republic.  Americans  believe 
that  governments  receive  their  just  powers 
from  the  consent  of  the  governed.  Webster 
defines  a  republic  as  a  state  *^  in  which  the 
sovereign  power  resides  in  the  whole  body 
of  the  people'';  and  he  goes  on  to  say  that 
*'no  existing  republic  recognizes  an  exclu- 
sive privilege  of  any  class  to  govern."  Tried 
by  these  standards,  the  government  of  the 
Transvaal,  for  fifteen  years  past,  has  been  a 


despotism  with  Mr.  Kruger  at  its  head  ;  for 
this  clever  and  obstinate  old  politician,  who 
tied  up  his  bundle  of  prejudices  fifty  years 
ago,  holds  the  Transvaal  Boers  in  the  hollow 
of  his  hand,  and  his  will  is  their  will.  At 
best  it  may  be  called  an  oligarchy,  **&  form 
of  government  in  which  the  supreme  power 
is  placed  in  the  hands  of  a  few  persons"; 
for  the  Boers,  who  form  27  per  cent,  of 
the  white  population,  make  laws  for  73  per 
cent.,  who  are  Uitlanders  (Outlanders,  or 
foreigners),  depriving  them  of  all  political 
power. 

Now,  there  is,  of  course,  a  reason  fOr  this 
state  of  things  in  the  history  of  the  country, 

and  it  may  be  briefly 
outlined.  The  Dutch 
settlements  in  South 
Africa  began  in  1652, 
and  spread  slowly 
until  the  beginning  of 
this  century.  One  of 
the  results  of  the  wars 
which  convulsed 
Europe  at  that  date 
was  the  cession  by 
Holland  to  Great 
Britain  of  her  South 
African  possessions. 
The  independent 
Dutch  settlers  had 
been  restless  under  the 
government  of  their 
own  people,  and  did 
not  take  kindly  to 
their  new  rulers.  They 
were  for  the  most  part 
ignorant ;  by  nature  they  were  unprogressive 
and  disinclined  to  change ;  and,  scattered 
thinly  over  a  wide  territory,  had  little  of  the 
contact  with  their  kind  which  sharpens  men's 
wits  and  promotes  healthy  growth.  The  Brit- 
ish made  injudicious  changes  in  methods  of 
government;  they  enforced  a  stricter  rule 
than  had  existed  before;  they  substituted 
English,  which  few  could  understand,  for 
the  Dutch  language  in  legal  proceedings ; 
and  they  occasionally  protected  the  natives  in 
the  numerous  wars  between  the  whites  and 
the  neighboring  Kaffir  tribes.  To  the  great 
indignation  of  the  Boers,  they  were  checked 
in  their  harsh  and  cruel  treatment  of  their 
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Hottentot  slaves.  These  slaves  were  finally 
emancipated  by  the  British,  to  the  serious 
loss  of  their  owners,  many  of  whom  were 
thus  deprived  of  the  bulk  of  their  property, 
and  received  inadequate  compensation.  This 
action  was  universally  resented  by  the 
injured  class  who  believed  slavery  to  be  a 
divine  institution  ;  and  smarting  under  what 
they  felt  to  be  unjust  treatment,  the  Boers 
emigrated  in  numerous  small  parties  into  the 
wilderness  to  the  north  of  the  Vaal.  Paul 
Kruger,  then  a  child  ten  years  old,  was  with 
one  of  the  groups  that  traveled  north  in 
1836,  the  pioneers  of  nearly  ten  thousand 
who  followed  in  the  course  of  the  next  ten 
years.  The  British  still  regarded  them  as 
subjects,  whUe  the  Boers  claimed  to  set  up 
a  government  of  their  own,  which  was  very 
loosely  organized.  The  main  bond  between 
their  small  scattered  communities  was  their 
spirit  of  hostility  to  the  British,  who  cared 
little  what  they  did,  so  long  as  they  did  not 
stir  up  trouble  with  the  natives. 

In  1852  the  Boer  government  was  recog- 
nized, and  the  right  to  manage  their  own 
afihirs  without  interference  was  guaranteed 
by  the  British,  on  condition  that  alliances 
should  not  be  made  with  other  nations,  and 
that  slavery  should  neither  be  permitted 
nor  practiced.  Disorder  prevailed  in  the 
new  republic.  There  were  some  internal 
dissensions,  but  the  main  trouble  arose  from 
incessant  conflicts  with  the  native  tribes. 
The  forming  Boers  would  not  pay  taxes; 
there  were  therefore  no  public  funds  with 
which  to  provide  for  the  public  needs  or 
defenses  of  the  country.  By  1877  the  dis- 
turbances had  become  a  source  of  danger  to 
British  settlers  in  and  near  the  Transvaal, 
the  state  was  bankrupt,  and  trade  had 
ceased.  Kaffirs  and  Zulus  threatened  to 
overwhelm  the  whites.  At  this  juncture 
the  British  commissioner  proclaimed  the 
annexation  of  the  Transvaal  to  the  British 
crown,  a  step  which,  whUe  it  provoked  pro- 
test from  the  Boer  leaders,  was  aci^epted 
with  little  resistance  by  the  people,  who  felt 
that  they  were  not  strong  enough  for  self- 
protection  from  their  savage  neighbors. 

The  policy  then  pursued  by  the  British 
showed  a  lack  of  sound  judgment,  and  igno- 
rance or  disregard  of  the  wishes  and  needs  of 
the  Boer  people.  However,  they  subdued 
the  native  tribes  who  had  terrorized  the 
community,  and  restored  the  peaceful  con- 
ditions under  which  alone  an  agricultural 
people  can  thrive.  But  no  sooner  was  the 
pressure  of  this  danger  removed  than  the 
Boers  threw  ofl"  the  British  rule,  which  had 


been  submitted  to  by  some  and  accepted  by 
others.  They  rose  in  arms  at  the  end  of 
1880,  attacked  the  few  troops  that  could 
hastily  be  concentrated  from  the  small 
detachments  scattered  here  and  there  in  the 
Transvaal,  and  were  victorious,  inflicting 
considerable  loss.  The  British  government, 
always  indiflerent  to  its  South  African  colo- 
nies, and  especially  so  undar  the  ministry  of 
Mr.  Gladstone,  who  was  then  in  power, 
made  little  further  effort  Reenforcements 
had  been  despatched  from  England,  but 
while  they  were  on  their  way  terms  of  peace 
were  concluded,  recogniziDg  the  self-govern- 
ment of  the  Transvaal,  under  the  suzerainty 
of  the  Queen,  who  reserved  the  right  to  con- 
trol its  relations  with  foreign  powers. 

The  Boers,  as  might  be  expected  from  an 
ignorant  people,  could  see  neither  policy  nor 
magnanimity  in  the  concessions  made  to 
them  by  Great  Britain,  but  flushed  with 
victory  they  thought  that  they  were  invin- 
cible, and  that  the  paramount  power  had 
yielded  from  fear.  They  forgot,  or  perhaps 
could  not  understand,  that  the  British, 
whose  white  South  African  subjects  were 
more  than  half  Dutchmen,  had  no  desire  to 
make  hard  terms  with  other  Dutch  settlers. 
A  sterner  policy  might  have  been  more  pru- 
dent, for  the  Boers  have  persistently  used 
their  independence  to  the  injury  of  British 
subjects  who  have  settled  in  their  territory, 
and  have  stirred  up  sedition  among  the 
Dutch  element  in  the  other  South  African 
States. 

The  discovery  of  exrtensive  gold  fields 
within  the  Transvaal  led  to  the  infiux  of  great 
numbers  of  strangers,  most  of  whom  were 
British  or  Americans.  Fearing  that  theee 
newcomers,  who  expected  to  become  per- 
manent residents,  would  introduce  changes 
into  the  old-fashioned  Boer  mode  of  govern- 
ment, the  laws  relating  to  the  franchifie 
were  altered  repeatedly,  until  at  length  the 
voting  power  was  practically  restricted  to 
the  Boers  themselves.  The  Uitlanders  had 
settled  in  the  Transvaal  under  the  guarantee 
of  a  liberal  constitution  ;  they  had  invested 
many  millions  sterling  of  capital ;  and  they 
naturally  resented  the  subserviency  of  their 
position,  and  the  disadvantages  to  which 
they  were  exposed  by  the  new  franchise 
laws.  After  repeated  eflbrts  and  appeals 
they  were  so  misguided  as  to  attempt  a 
resort  to  force,  thus  putting  themselves 
hopelessly  in  the  wrong.  A  rising  took  place 
in  December,  1895,  which  was  ill  managed 
and  met  with  deserved  defeat,  though 
scarcely  a  blow  was  struck.    This  was  the 
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much-talked-of  Jameson  raid,  in  which 
about  five  hundred  Uitlanders  took  part 
For  injuries  caused  by  this  raid,  which 
lasted  four  days,  and  in  which  five  Boers 
were  killed  and  three  wounded,  Mr.  Kruger 
has  presented  to  the  British  government  a 
neat  little  bUl,  amounting  to  $8,390,000, 
of  which  $5,000,000  is  assessed  for  ''moral 
or  intellectual  damages'';  in  other  words,  he 
proposes  to  collect  this  sum  as  a  fine.  The 
item  for  *' moral  damage"  is  the  more  pre- 
posterous on  account  of  the  frequency  with 
which  Boers  themselves  have  made  raids 
into  British  territory  in  the  past.  The  bill 
has  not  been  paid.  After  the  raid,  reforms 
were  again  promised  by  Mr.  Kruger,  but  like 
all  other  pledges  of  a  similar  character  they 
have  proved  to  be  wholly  fictitious,  and  the 
condition  of  the  Uitlanders  is  worse  than 
ever.  The  large  majority  of  them  are  Brit- 
ish subjects,  and  they  have  now  made  an 
uigent  appeal  to  their  own  country  to  redress 
their  grievances. 

What  are  the  grievances  of  which  the 
Uitlanders  complain?  They  form  nearly 
three-fourths  of  the  inhabitants  of  the 
Transvaal,  and  pay  about  nine-tenths  of 
the  taxes,  at  an  average  of  $80  per  head 
of  the  Uitlander  population.  They  have  no 
voice  in  the  expenditure  or  the  levying  of 
these  taxes,  which  are  laid  with  careful  dis- 
crimination on  articles  used  by  the  Uitland- 
ers but  not  by  the  Boers;  they  have  no 
power  in  the  government  of  their  town, 
Johannesburg,  in  which  more  than  50,000  of 
them  reside,  and  where  common  sanitary 
rules  cannot  be  enforced ;  no  control  of  public 
education,  which  even  in  the  Uitlander  dis- 
trict is  mainly  conducted  in  the  Dutch 
patois  spoken  in  the  country ;  no  freedom 
of  the  press ;  no  right  of  public  meeting ; 
no  representation  on  juries  nor  on  the  police 
force  ;  no  right  of  citizenship  even  for  their 
children  born  in  the  republic ;  they  are  sub- 
ject to  expulsion  from  the  country  without 
any  form  of  trial ;  their  town  is  controlled  by 
a  ring  of  fortifications  recently  built  on  the 
surrounding  hills ;  acts  of  violence  against 
their  property  and  their  persons  are  com- 
mitted with  impunity  ;  and  articles  of  the 
constitution  can  be  altered  hastily  by  the 
Volksraad,  whose  decisions  are  not  now  sub- 
ject to  revision  by  the  so-called  Supreme 
Court,  which  within  the  past  three  years  has 
been  deprived  of  its  most  essential  functions. 

Sir  Alfred  Milner,  representing  the  British 
government,  has  lately  held  a  conference 
with  Mr.  Kruger  in  the  hope  of  securing 
justice  for  this  large  section  of  the  Trans- 


vaal population.  He  wisely  went  to  the 
root  of  the  matter,  and  endeavored  to 
secure  for  them  a  reasonable  representation 
in  the  government  by  a  readjustment  of  the 
franchise,  knowing  that  separate  grievances 
could  thus  be  gradually  but  surely  redressed. 
Unfortunately,  the  Transvaal  government  in 
the  past  has  frequently  broken  its  contracts, 
and  gone  back  on  its  word  in  many  ways, 
by  introducing  changes  into  the  fhinchise 
laws  as  soon  as  the  Uitlanders  appeared 
likely  to  gain  advantage  from  them.  It 
therefore  becomes  necessary  to  secure  a 
guarantee  of  good  faith  and  permanency 
before  they  can  be  trusted  by  a  people  that 
in  the  past  have  seen  solemn  engagements 
ignored  or  violated.  A  few  of  the  changes 
that  have  been  made  may  be  indicated.  In 
1876  the  custom  common  to  South  Africa 
prevailed  in  the  Transvaal ;  that  is,  the 
requirements  for  citizenship  were  one  year's 
residence,  possession  of  a  certain  amount  of 
property,  obedience  to  laws,  and  good  be- 
havior. In  1882  the  conditions  were  five 
years  residence,  with  liability  to  military 
service,  after  giving  notice  of  desire  for 
naturalization  ;  a  strict  form  of  oath  ;  and  a 
fee  of  $125.  Since  then,  the  attainment  of 
citizenship  by  the  Uitlander  has  year  by 
year  become  more  difficult  until,  as  matters 
stand  now,  no  alien  can  obtain  equal  rights 
with  the  burghers  unless,  being  forty  years 
of  age,  he  has  resided  in  the  country  for 
fourteen  years,  has  severed  relations  with 
any  other  country  for  at  least  twelve  years, 
possesses  a  moderate  fixed  amount  of  prop- 
erty, has  rendered  military  service,  and 
has  received  the  consent  of  two-thirds  of 
all  the  burghers  of  his  district  to  his  enfran- 
chisement. This  last  condition  is  a  practical 
prohibition,  for  such  a  proportion  of  votes  is 
never  cast  at  any  election. 

Sir  Alfred  Milner  proposes  on  behalf  of 
the  Uitlanders  that  any  man  of  good  char- 
acter who  possesses  the  requisite  property 
qualification,  has  resided  in  the  Transvaal 
for  five  years,  and  has  taken  the  oath  of 
allegiance,  shall  be  able  to  obtain  a  vote. 
He  also  demands  a  redistribution  of  seats 
in  the  Raad.  The  Boer  population  is  so 
scattered,  and  the  Uitlander  population  is 
so  concentrated  in  the  towns  in  the  vicinity 
of  the  mining  districts,  that  at  present,  if 
the  latter  had  full  voting  powers,  they  could 
secure  only  two  seats  in  the  Raad  of  twenty- 
eight  members,  with  a  bare  possibility  of 
two  more.  With  more  than  two-thirds  of  the 
population,  they  ask  for  one-third  or  one- 
quarter  of  the  representation,  which  will 
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give  them  a  substantial  minority  to  present 
their  views  in  the  Raad.  Up  to  the  time  of 
writing  (September  1st)  these  demands  have 
been  refused. 

The  position  in  which  the  Transvaal  gov- 
ernment has  placed  the  Uitlander  is  a  dis- 
tinct violation  in  letter  and  in  spirit  of 
repeated  treaties  made  with  Great  Britain 
since  1852.  The  aim  of  each  of  these  treaties 
has  been  to  secure  that  equality  of  rights 
for  white  men  in  the  Transvaal  which  is 
the  rule  everywhere  else  in  South  Africa, 
in  the  Orange  Free  State,  which  is  an  inde- 
pendent Dutch  republic,  as  well  as  in  the 
British  colonies.  For  twenty- five  years 
British  subjects  settling  in  the  Transvaal 
were  on  the  same  footing  as  burghers,  and 
in  the  convention  of  1881  it  was  stipulated 
and  agreed  that  equal  privileges  and  pro- 
tection should  be  enjoyed  by  all.  The 
radical  alteration  of  the  system  was  intro- 
duced in  1890,  and  is  thus  less  than  ten 
years  old,  and  in  every  respect  an  innova- 
tion. The  Uitlanders  went  to  the  Transvaal 
as  settlers  under  certain  conditions,  which 
have  been  arbitrarily  altered :  they  went 
depending  on  the  good  faith  of  pledges, 
which  have  not  been  fulfilled.  The  Trans- 
vaal government  (which  is  only  another 
name  for  Mr.  Kruger)  has  thus  deliberately 
decided  that  a  large  majority  of  the  popula- 
tion shall  retain  their  allegiance  as  subjects 
of  a  foreign  power.  Every  possible  obstacle 
has  been  put  in  their  way  when  they  have 
desired  to  become  citizens.  As  foreign  sub- 
jects they  have  no  choice  but  to  appeal  to 
their  own  government  when  they  believe 
themselves  to  be  wronged.  They  have  no 
claim  on  the  Transvaal,  no  legal  means  of 
approaching  its  authorities  when  they  seek 


redress.  As  citizens  or  burghers  they  could 
have  recourse  to  constitutional  means,  and 
no  other  government  would  have  a  right  to 
interfere. 

There  is  no  proposition  for  annexation  of 
the  Transvaal  by  Great  Britain  at  present. 
South  Africans  look  forward  to  a  federation  of 
states  in  that  region,  of  which  Great  Britain 
would  be — as  she  now  is — the  predominant 
power ;  but  there  is  no  reason  why  Anglo- 
Saxons  and  Dutchmen  should  not  live  side 
by  side  in  harmony  and  confidence  in  such  a 
federation,  with  a  mutual  respect  for  each 
other's  rights  and  each  othei^s  authority, 
such  as  now  prevails  everywhere  except  in 
the  Transvaal.  The  intrigues  that  are  being 
carried  on  among  her  Dutch  subjects  in  Cape 
CJolony  and  elsewhere  may  compel  Great 
Britain  to  interfere.  It  is  evident  that  she 
is  unwilling  to  resort  to  force,  for  otherwise 
war  would  have  been  declared  long  ago ;  and 
the  mixed  population  of  her  South  African 
colonies  has  much  to  do  with  this  reluctance. 
British  and  Dutch  live  in  absolute  equality 
under  her  colonial  laws ;  they  share  in  the 
government  and  are  as  one  people.  Great 
Britain  cannot  a£ford  to  have  antagonism 
aroused  between  the  two  races  which  are  so 
closely  intermingled.  Such  antagonism  is 
being  stirred  up  by  the  Boers  by  every  means 
in  their  power,  to  the  great  danger  of  their 
own  state.  Persistence  in  such  tactics  must 
xesult  in  war,  which  would  surely  end  in  the 
annexation  of  their  country  by  the  strong^' 
power,  and  the  loss  of  their  independence. 
Neither  need  be  endangered  if  the  South 
African  Republic  is  worthy  of  her  name,  and 
becomes  actually,  as  well  as  nominaUy,  a  free 
government  of  the  people,  by  the  people,  and 
for  the  people. 


PRINTING  IN   COLORS. 


THERE  has  recently  been  set  up  in  Lon- 
don a  machine  for  printing  in  colors  by 
a  new  method.  The  machine  is  the 
invention  of  Mr.  Ivan  Orlofi*,  manager  of  the 
Russian  government  printing  works  at  St. 
Petersburg,  and  is  said  to  be  very  successful. 
A  company  has  been  formed  to  develop  the 
use  of  the  machine,  which  it  is  claimed  will 
revolutionize  the  production  of  colored  illus- 
trations for  books  and  magazines.  In  the 
usual  method  of  printing  colored  illustrations, 
the  colors  are  applied  successively,  and  each 
must  be  perfectly  dry  before  the  next  is 
applied.  In  the  Orloff  machine,  separate 
blocks — one  for   each  color — are   arranged 


around  a  cylinder.  As  this  cylinder  revolves, 
an  ingenious  system  of  cams  causes  a  roller 
bearing  the  colored  ink  required  by  each 
block  to  come  in  contact  with  the  block.  A 
single  revolution  of  the  cylinder  inks  all  the 
blocks.  As  soon  as  the  blocks  are  inked, 
they  transfer  their  ink  to  a  composition 
roller ;  this  composition  roller  transfers  the 
combined  colored  design  to  a/or/n  carried  on 
the  same  cylinder  as  the  separate  blocks. 
From  this  form  the  colored  picture  is  printed 
at  a  single  impression,  no  matter  how  many- 
colors  it  contains.  The  cylinder  makes  a 
revolution  in  three  seconds,  and  the  form  is 
then  ready  to  print  the  colored  picture. 
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iGOOD   SCHEMESl 


PHOTOQitAPHlC  DBVBLOPINQ  STAND. 


Se\'eral  or  tlie  photographic  magazines 
have  lately  pubhshed  short  articles  on  the 
convenience  and  value  of  &  certain  style  of 
developing  stand,  and  although  some  of  the 
articles  have  heen  illuBtral^d,  none  of  them 
BO  far  have  printed  a  full  set  ot  working 
drawingB  from  which  to  construct  the  stand. 

In  the  figure  is  shown  at  ( n)  the  front  eleva- 
tion, at  (b)  the  plan,  and  at  (c)  a  side  eleva- 
tion and  section  of  the  most  suitable  form  of 
this  developing  stand.  A  rectangular  frame, 
1  foot  9  inches  high,  3  feet  long,  and  9  feet 
deep,  stands  over  a  aliallow  tray  6,  the  latter 
being  the  same  size  as  the  frame,  but  only 
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4  feet  deep.  The  inside  of  the  frame  is 
divided  byehdves  and  partitions  into  sev- 
eral compartments,  as  shown  in  the  figure, 
and  at  the  back  an  8"  X  10"  window  d  is 
glazed  with  deep  ruby  glass,  through  which 
the  light  enters  when  the  plat«  is  being 
developed. 

The  tray  is  divided  into  three  compart- 
ments by  the  partitions  c.     Hinged  covers 
B  over  the  outside  compartments, 


a  developing  tray 
and  closed  up,  incase  daylight  is 
for  some  other  purpose.  Tlie  cover 
compartments,  when  open,  provid 
at  each  end  of  the  stand,  as  sliown 
when  closed  may  be  used  as  a  shelf  1 
on  within  ibe  lines  of  the  frame,  : 


of  them 
required 
i  of  thtw 
B  a  shelf 


at  /.    In  the  coropartments  on  the  right 
side  of  the  vertical  frame,  provision  is  made 
for  three  sizes  of  developing  frays  and  three 
bottles  of  chemicals.    On  the  left  side  are 
stored   plates,   printing   frames  and   paper, 
powdered  chemicals,  etc.,  and  the  middle 
portion  is  reserved  for  solutions  required 
for  most  frequent  use.    On  the  narrow  shelf, 
immediately  over  the  window  d,  are  the 
developing,  intensifying,  and  reducing  solu- 
tions ;  and  on  the  single  shelves,  to  the  right 
and  left  of  the  window,  are  the  restrainers, 
accelerators,  etc.    At  the  top  of  the  central 
compartment  are  brackets  to  receive  fun- 
nels, glass  graduates,  etc.,  and  in  compart- 
ment k  are  the  hydrometer,  scales,  elc. 
This  developing    frame    may  he    placed 
against  a  window    in  an 
ordinary     room,    and    all 
light,  eicept  that   which 
passes  through  the  pane  d, 
shut  out ;   or    it    may   be 
used  at  night,  with  a  lamp 
enclosed  in  a  box  behind' 
the  pane  <l,  as  shown  dot- 
ted at  I. 

This  tray  and  vertical 
frame  has  every  conve- 
nience of  a  photi^raphic 
dark  room,  except  running 
water,  and  even  this  may 
be  supplied  if  there  is  a 
faucet  in  the  room  where 
it  is  used.  The  author 
^  uses  a  common  faucet 
i"  connected  through  the 

back  of  the  central  tray, 
which  is  zinc-lined  in  this  case,  and 
attaches  it  by  a  rubber  hose  to  the  faucet 
at  the  wash  basin.  In  fact,  on  sultry 
summer  evenings  it  is  a  most  handy  device 
to  take  outdoors  and  attach  the  tray  faucet 
to  the  garden  hose.  Development  of  pic- 
tures, under  these  circumstances,  can  pro- 
ceed with  all  dark-room  conveniences,  and 
at  the  same  time  avoid  all  its  armoyances 
of  heat  and  cramped  positions.  When  not 
in  use,  the  ti-ay  may  be  removed  from  the 
vertical  frame,  and,  as  its  outside  dimensions 
are  the  same  size,  it  can  be  hooked  over  the 
front  of  the  former  to  protect  the  contents 
from  dust.  The  whole  outfit  may  then  be 
stored  away,  occupying  a  space  of  less  than 
6  cubic  feet. 
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GOOD  SCHEMES. 


CROSS-SBCTIONINQ  DRAWINGS. 


R.  C.  Davison.  New  York  City,  N.  Y. 


I  NOTICED  in  your  April  iesue  an  article 
that  describes  a  device  for  cross-sectioning. 
I  have  tried  many  devices  and  at  last  have 
found  a  method  that  seems  easier  and  quicker 
than  any  I  have  used  before.  It  is  simply 
this :  I  do  not  attempt  to  cross-section  my 
original  drawing  with  any  amount  of  accu- 
racy, but  on  tracing  it  I  insert  a  piece  of 
cross- sectioning  paper  under  the  parts  to  be 
cross-sectioned.  This  has  lines  about  ^  inch 
apart.  If  the  sectioning  is  to  be  fine,  I  trace 
every  one ;  if  coarse,  I  skip  one  or  even  two 
lines,  as  the  case  may  be. 


UTILIZING  SHORT  PIPE  ENDS. 


•*  Observer,**  Cleveland,  Ohio. 


■  ■'■■ 
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IM  KCHMKC  MIS  MfiUi*!- 1      I 


Short  ends  of  pipe  may,  instead  of  finding 
their  way  to  the  scrap  heap,  be  utilized  for 
nipples.    To  do  this,  provide  a  suitable  place 

where  they  can 
be  stored  until 
the  accumula- 
tion is  sufficient 
to  commence 
on.  In  making 
a  lot  of  them  at 
once,  it  pays  to 
go  about  it  in  a 
practical  and 
systematic  man- 
ner, and  the  result  will  be  a  ready  stock  of 
nipples  of  various  lengths,  well  threaded,  and 
much  superior  even  to  the  ordinary  com- 
mercial article.  Whoever  has  had  occasion 
to  make  a  short  nipple  now  and  then,  in  an 
ordinary  machine  shop,  will  appreciate  this. 
To  do  the  work  of  cutting  off  in  the  best 
way,  a  cutting-off  machine  of  the  power 
type  is  preferred  ;  the  cutting-off  tool  should 
be  ground  so  as  to  present  an  angular  face  to 
the  cut,  as  shown  in  Fig.  1,  which  will  cut 
through  first  on  the  projecting  end,  making 


Fig.  1. 


Fig.  2. 

a  complete  finished  surface  at  the  end  thus 
cut  off,  and  without  the  burr,  ragged,  or  bent 
edge  80  often  noticed  in  pipework,  due  to 
the  ordinary  way  of  cutting  off.  For  cutting 
the  threads,  an  ordinary  bolt  cutter  may  be 
used.    For  cutting  the  first  thread  on  a  short 


piece  of  pipe,  insert  an  iron  filler  or  phig, 
slightly  tapered,  to  prevent  the  pipe  from 
collapsing  when  being  gripped  by  the  hold- 
ing or  vise  dies.  For  cutting  the  threads  on 
the  second  end,  remove  the  ordinary  hold- 
ing dies  and  insert   the  threaded  holders 


Fig.  8. 

shown  in  Fig.  2 ;  place  the  threads  on  the 
pipe  within  the  threads  in  ihe  holders,  then 
dose  up  on  the  pipe  firmly,  whereupon  the 
work  of  cutting  the  threads  may  be  pro- 
ceeded with  as  in  ordinary  cases.  To  remove 
the  nipple  after  it  is  thr^Euled,  simply  loosen 
the  vise  as  in  bolt  cutting,  when  the  nipple 
can  be  lifted  out  with  the  fingers.  In  making 
nipple  holders,  such  as  described,  care  should 
be  taken  to  make  them  so  as  to  fit  reason- 
ably close  in  the  vise  of  the  carriage,  and  the 
threads  should  be  cut  in  a  lathe,  so  as  to 
have  them  true,  and  the  alinement  to  corre- 
spond with  that  of  the  shank  of  the  holder. 
Another  troublesome  thing  to  make  in  the 
average  shop  is  countersunk  bolts  of  various 
sizes  in  short  lengths.  Trouble  arises  from 
the  fact  that  the  thin  edges  of  the  counter- 
sunk head  will  not  admit  of  being  held  in 
the  vise  of  the  bolt  cutter  without  being 
damaged.  In  order  to  cut  threads  on  bolts 
of  this  kind,  a  holder  such  as  shown  in 
Fig.  3  has  been  usedl  with  excellent  results. 
It  is  shown  with  a  square-shaped  face,  bat 
can  be  made  with  a  round  face  just  as  well 
for  use  with  machines  having  close  clearances 
between  cutter  head  and  vise  of  carriage. 
It  also  has  the  advantage  of  being  capable 
of  holding  bolts  of  different  sizes. 


WEIGHING  A  LIGHT  ARTICLE  ON   LARGB 
PLATFORM  SCALES. 


T.  H.  Beardon,  North  Adams,  Mass. 


Place  the  article  on  the  weight  hanger 
(all  weights  being  removed  and  the  sliding 
weight  at  zero),  put  enough  material  on  the 
platform  to  make  the  scales  balance,  remove 
the  article  from  the  hanger,  ascertain  what 
weight  you  have  on  the  platform,  and  divide 
it  by  the  ratio  of  platform  load  to  hanger 
load,  which  in  Fairbanks  scales  is  usually 
100  to  1  or  1,000  to  1 ;  i.  e.,  1  pound  on  the 
hanger  will  balance  either  100  or  1,000 
pounds  on  the  platform.  The  weights  of 
the  scale  weights  will  be  found  in  raised  let- 
ters on  the  weights. 


GOOD  SCHEMES, 
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As  an  example,  suppose  we  wish  to  weigh 
a  letter  on  a  railroad  freight  scales  on  which 
a  1-pound  weight  on  the  hanger  equals  1,000 
pounds  on  the  platform.  Place  the  letter  on 
the  hanger  and  a  load  on  the  platform  that 
will  just  halance  it.  If  the  load  on  the  plat- 
form weighs  50  pounds,  then  the  weight  of 

50 
the  letter  is  t-tvTx^  =  .05  pound  =  .05  X 16  = 

.8  ounce  =  .05  X  7,000  =  350  grains.  I  have 
used  this  scheme  for  over  ten  years,  and 
while  it  may  not  adapt  itself  to  the  refine- 
ments of  laboratory  work,  it  is  very  handy 
at  times. 


SUBSTITUTE  FOR  THUMBTACKS;  BINDING 
INSTRUCTION  PAPERS. 


W.  H.  W.,  Toledo,  Ohio. 


The  note  under  Good  Schemes  in  the 
June,  1899,  number  of  The  Mechanic  Arts 
Magazine,  about  the  use  of  copper  tacks 
instead  of  thumbtacks  to  hold  paper  to  the 
drawing  board,  suggested  to  me  to  send  you 
a  description  of  a  convenient  little  tool  I 
have  used  for  years.    Instead  of  copper  tacks 


Ubrary,  I  decided  to  bind  the  pamphlets 
and  use  them  for  reference.  I  bind  them  by 
gluing  on  a  piece  of  blueprint  cloth,  which 
has  been  exposed  and  washed,  the  same  as 
if  under  a  tracing,  large  enough  to  form  the 
sides  and  back.  I  also  bind  in  a  few  blank 
leaves  for  an  index,  which  I  subdivide  into 
the  letters  of  the  alphabet.  But,  instead  of 
indexing  each  book  at  once,  which  would 
take  a  great  deal  of  time,  I  wait  until  I  have 
occasion  to  look  up  any  subject,  and  then 
index  it.  I  thus  have  two  sets  of  bound  and 
indexed  volumes. 


BENCH  APPLIANCE. 


W.  E.  W.,  St.  John,  N.  B. 


In  the  two  accompanying  figures  is  shown 
an  attachment  to  the  ordinary  carpenter's 
bench  that  is  a  great  convenience  to  the 
workman,  although  I  do  not  know  that  the 
scheme  is  a  new  one.  The  device  is  for  the 
purpose  of  holding  securely  any  width  and 
thickness  of  stock  in  the  bench  vise  while  it 
is  being  worked  up. 

On  the  side  of  the  bench  at  c.  Fig.  2,  is  a 
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Fig.  1. 

or  fastening  the  paper  I  use  the  ordinary 
l-oonceiron  tacks.  The  tool  dresser  in  the 
shop  made  me  a  hammer  out  of  {-round  tool 
steel,  6  inches  long,  by  simply  turning  over 
one  end  L-shaped  to  form  the  head  and 
grinding  the  other  to  a  flat  point  like  a  cold 
chisel.  This  hammer  I  tempered  and 
polished  and  then  magnetized  at  the  shop 
djmamo.  I  keep  the  tacks  in  a  hole  in  my 
inkstand,  and  when  I  wish  to  fasten  down 
a  sheet  of  paper,  I  put  the  point  of  the 
hammer  in  it  and  gather  up  a  lot  of  the 
tacks,  which  I  then  shake  off  on  the  paper. 
They  are  then  easily  picked  up  by  the  mag- 
netized head  and  driven  into  the  board. 
The  tacks  can  be  taken  out  of  the  board  with 
the  flat  end  of  the  hammer,  to  which  they 
cling,  and  from  which  they  can  be  brushed 
into  the  holder. 

I  foand,  in  using  The  International  Cor- 
respondence Schools  Instruction  Papers  so 
much  at  the  office,  that  they  were  getting 
soiled  very  rapidly.  In  order  to  have  the 
bound  volumes  in  good  condition  for  my 


Fig.  2. 

wooden  guide  extending  the  full  length  of  the 
bench ;  its  top  is  plowed  with  a  groove,  in 
which  slides  the  tongue  of  the  carrier  6,  while 
attached  to  6  is  a  fiace  board  d,  6  inches  wide, 
and  extending  nearly  to  the  floor.  The  face 
board  is  pierced  with  24  holes,  as  shown 
at  e,  into  which  may  be  fitted  a  dowel  on 
the  back  of  the  slide  rest  /,  so  that  the 
rest  may  be  secured  at  various  heights.  The 
bottom  slide  of  the  bench  vise,  as  shown 
at  a,  Fig.  1,  is  notched  on  top,  and  a  pawl 
h  is  pivoted  at  g^  so  that  it  can  be  raised 
with  the  foot  and  adjusted  to  any  desired 
notch  in  the  slide. 

In  working  up  stock,  it  is  only  necessary  to 
slide  the  carrier  h  down  from  the  vise  as  far 
as  required  by  the  length  of  the  plank,  and 
adjust  the  rest  /  according  to  the  stock's 
width ;  the  pawl  h  is  then  forced  into  the 
notch  that  is  made  to  correspond  with  the 
thickness  of  the  material  being  worked,  and 
in  this  manner  it  is  securely  held  between 
the  vise  jaws  without  further  attention  from 
the  workman. 


TRADE   NOTES 
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THE  SCHOOL  OP  ILLUSTRATION. 

The  School  of  Illustration,  26  E.  Van 
Buren  Street,  Chicago,  111.,  sends  us  a  circular 
regarding  instruction  in  newspaper  illustra- 
tion, composition,  and  higher  illustration, 
decorative  design,  life  drawing,  caricature, 
perspective,  pen  and  ink,  and  portraiture. 
A  feature  of  the  school  is  the  mechanical 
department,  which  is  fully  equipped  with  all 
the  appliances  for  making  cuts,  and  for  silver 
print,  Ross  paper,  and  chalk-plate  work. 

P.  W.  EMERSON  MANUPACTURINQ  CO. 

Drafting-Room  Furniture,  a  handsome 
48-page  catalogue,  issued  by  F.  W.  Emerson 
ManufiEu;turing  Company,  Rochester,  N.  Y., 
describes  and  illustrates  the  drafting  tables, 
blueprint  frames,  filing  cabinets,  and  other 
appliances  for  the  drafting  room  which  they 
manufacture.  Their  drafting  table  possesses 
many  excellent  features.  The  pamphlet  will 
be  sent  on  application. 


ADJUSTABLE  CURVE  RULER. 

The  adjustable  curve  ruler,  shown  in  the 
accompanying  illustration,  is  a  tool  that 
is  fully  appreciated  by  those  that  use  it,  and 
deserves  to  be  known  to  all  draftsmen  that 
have  not  seen  and  tried  it.  Although  not 
a  new   tool,  there  are   many,    particularly 


among  students,  that  are  not  familiar  with 
it ;  for  that  reason  the  following  description 
is  given  of  one  of  the  simplest  and  cheapest 
forms. 

The  ruler  comprises  a  long,  narrow  casing 
of  flexible  rubber,  with  a  square  hole  through 
its  center ;  one  side  has  a  square  ruling  edge, 
the  other  has  a  rounded  edge,  to  be  used 
when  inking.  Through  the  center  of  the 
tool  is  a  strip  of  drawn  lead,  square  in  cross- 
section  ;  the  two  opposite  sides  of  the  lead, 
next  the  ruling  edges,  are  flanked  with 
thin  ribbons  of  terni>ered  f^teel,  and  the 
several  parts  are  clamped  together  at  one 
end  in  the  ferrule,  as  shown,  allowing  them 
to  slide  upon  one  another  when  the  ruler 
is  bent. 


The  manner  of  using  is  to  bend  the  ruler  to 
the  shape  of  any  curve  it  is  desired  to  draw, 
and  use  a  pen  or  pencil  along  its  edge.  The 
lead  is  so  proportioned  to  the  other  parts 
that  the  ruler  will  remain  as  it  is  bent,  the 
lead  holding  it  against  the  pull  of  the  steel 
ribbons,  which  incline  to  straighten  them- 
selves. This  gives  nice,  clean  cun^es  that 
would  otherwise  be  impossible.  The  rib- 
bons also  serve  to  hold  the  curves  in  one 
plane.  The  inventor,  Mr.  F.  W.  Davenport, 
Providence,  R.  I.,  manuflEu^tures  several  other 
styles  of  this  ruler,  some  of  which  are  made 
entirely  of  metal,  and  vary  in  length  from  7 
inches  to  as  many  feet. 

A  unique  catalogue. 

We  have  received  from  The  Cleveland 
Twist  Drill  Co.,  Cleveland,  Ohio,  a  catalogue 
of  drills,  reamers,  milling  cutters,  and  other 
articles  manufactured  by  this  company.  In 
addition  to  the  description  and  price  list, 
the  catalogue  contains  more  than  300  pages 
of  information  useful  to  engineers,  inclu- 
ding a  table  of  logarithms  and  a  table  of 
areas  and  circumferences  of  circles.  The 
information  on  mensuration,  mechanics, 
electricity,  etc.  is  well  written.  A  feature 
that  will  be  appreciated  by  mechanics  is  a 
section  of  10  pages,  explaining,  in  an 
exceedingly  clear  and  simple  manner,  the 
use  of  letters  in  formulas  and  the  use  of 
formulas  themselves.  In  short,  the  cata- 
logue will  be  found  in  most  respects  equal 
to  the  more  pretentious  pocketbookB,and  will 
doubtless  be  appreciated  by  the  engineering 
profession  generally. 


BOOK  NOTICE. 


We  have  received  from  the  publishers, 
Laird  &  Lee,  Chicago,  Dl.,  **  The  Heart  of  a 
Boy,"  by  Edmondo  de  Amicie,  translated 
from  the  224th  Italian  edition  by  Prof.  O. 
Mantellini.  We  can  thoroughly  recommend 
this  book.  It  is  entirely  free  from  the  goody- 
goody  style  peculiar  to  children's  books.  It 
is  a  boy's  diary,  rewritten  by  his  fiather,  who 
has  preserved  the  boy's  style  and  thoughts. 
It  is  very  handsomely  bound,  contains  32 
full-page  half-tones,  and  26  text  illustrations. 
The  price  is  $1.25. 
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NoTZ.— Address  aU  letters  containing  questions  to  he 
answered  in  ifds  department  to  Thb  Mschanic  Abts 
Maqazink.  Scranton,  Pa. 

1.  Put  this  address  both  on  the  envdope  and  at  the 
head  qf  the  letter. 

t.  Only  questions  qf  general  interest  to  our  readers 
wQl  he  answered. 

5.  No  questions  vM  he  ansu>ered  hy  mail. 

U.  Drawings  or  sketches  accompanying  questions  should 
be  made  on  a  separaie  sheet  qf  paper,  and  should  he 
irawn  <u  dearly  as  possible. 

6.  The  names  and  full  addresses  qf  the  writers  mv^ 
teeompany  the  letters,  or  no  attention  will  be  paid  to  them. 
Unless  otherwise  requested,  we  wiU  publish  only  theinitials 
and  address  of  the  writer. 

6.  Reference  to  inquiries  previously  answered  should 
give  dale  qf  issue  and  numJber  qf  question. 

7.  Any  book  not  out  qf  print  and  for  sale  hy  regular 
dealers  may  be  ordered  through  the  Magazine. 


(239)  (a)  Kindly  describe  a  practical  and  correct 
method  of  making  a  projection  for  a  drawing  of  a 
map  of  the  United  States,  explaining  how  the  length 
of  a  d^:ree  on  a  given  parallel  is  calculated ;  size  of 
sheet,  20  in.  X  24  in.  (&)  Do  you  know  of  a  reliable 
book  on  above  subject?  (c)  Explain  a  correct  method 
of  projecting  hemisphere,  showing  how  to  draw  the 
meriddans.  G.  F.  C.  De  Soto.  Mo. 

Ans.— (a)  Of  the  different  methods  of  projection 
used  in  Uie  drawing  of  maps  of  extensive  territories, 
the  method  ofpotyconic  projection  is  one  of  the  best. 
It  is  the  one  adopted  by  the  United  States  Coast  and 
Geodetic  Survey.  The  principle  is  as  follows :  The 
section  to  be  mapped  is  divided  into  zones  by  paral- 
lels of  latitude.  Each  parallel,  being  a  circle,  is 
considered  as  the  base  of  a  cone  with  its  vertex  on 
the  polar  axis  of  the  earth  and  tangent  to  the  ter- 
restrial spheroid 
along  the  parallel 
in  question.  The 
map  is  constructed 
by  developing  the 
bases  of  all  these 
cones  into  circular 
arcs  whose  centers 
all  lie  in  the  same 
line.  Thus,  let 
a6Aj7,  Fig.  l.bethe 
ordinary  projection 
of  an  area  to  be 
mapped,  which,  for 
convenience,  we 
will  suppose  to  be 
bounded  by  the  two 
parallelsof  latitude 
ah  and  gh.  The 
X>olnt  C  is  the  cen- 
ter, and  the  line 
NS  the  polar  axis, 
of  the  earth,  P  and 
P'  being  the  poles. 
Talcing  the  parallel 
c/,  c  t'a/  is  a  cone 
tangent  to  the 
spheroid  along  the 
circle  ef.  Take  now  an  indefinite  line  >V  s\  Fig.  2, 
to  represent  the  central  meridian,  and,  starting  from 
any  convenient  point  I,  lay  off  along  the  line  degrees 
and  fractions  of  a  degree,  as  shown.    The  lengths  of 


these  divisions  vary  according  to  latitude,  and  are 
given  in  special  tables  constructed  for  this  purpose. 
If  no  tables  are  at  hand,  the  length  s  of  one  degree 


I 

Fig.  2. 
of  latitude,  in  latitude  I,  is  found  by  the  formula 

s  =  3,600  — ^l~-*^  Bin  1", 
(l-^sin«0* 
in  which  a  =  equatorial  radius  of  earth, 


and 


e  -= 


where 


the  eccentricity  (=-%,! 

6  =>  polar  radius). 
For  maps  to  a  small  scale  e  may  be  taken  as  0. 
Having  the  side  efj.  Fig.  1,  of  the  tangent  cone 
along  ef,  we  lay  off  5-iV,  Fig.  2,  =  c  t-a,  Fig.  1.  and 
with  s-v^'  as  a  radius  and  Vs'  as  a  center,  describe  the 
arc  e'f,  which  is  the  development  of  ef.  Similarly 
for  other  parallels.  We  now  divide  each  developed 
parallel  into  degrees  of  longitude  or  (tactions  thereof, 
as  shown  at  m^  n^,  m\  ni,  etc.,  and  through  correspond- 
ing points  of  division  draw  the  meridians  mi  m^  n\  n^, 
etc.  Where  no  tables  are  at  hand,  the  following 
formulas  are  necessary : 

ri.j      *A  *  -        ,  acotZ 

Side  of  tangent  cone  ^ev^      S  —  iV  =  — ^      • 

y  l-e^ain^l 
ft  cos  I 
LengthofP  of  longitude  =  3,600     /*  ^"° '   -sin  1". 

V  l-e^sin*/ 
It  should  be  carefully  noted  that  the  divisions 
5-m3,  r/zang,  etc.  are  degrees  (or  fractions  of  degrees) 
of  lomjiiude,  and  that  the  angles  corresponding  to 
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prlDdplea  and  melbods  or  map  projection  are  round 
la  good  booka  on  deacrlptlTe  geometr]'  (u  Warrea'i) 
and  on  gurTeylng  (aa  Johnion'a|.  Tibleasnd  data  tar 
the  appltcation  of  thoK  prlndplei  and  metbodii  may 
be  obtained  by  writing  to  Che  U.  S.  Coait  and  Geodetic 
9niTer,  Waihlngton,  D.  C.  A  valuable  collection  ot 
table*  li  round  in 
Appendix  No.  0  to 


required  radlui.  |2)  Let  It  be  reqnlred  to  project 
the  hemlipbere  f-'E  S  Q  M.  Fig.  S.  on  the  plane  of  the 
meridian  jVESQ.  Draw  the  circle  .VJ^.S"  e,  Fig.  S, 
to  repreaent  tbia  meridian.  All  drolea  of  latitude 
will  be  projected  into  stralgbt  line*,  itnce  thdr 
plaaee  are  perpendicular  to  tbe  polar  axis,  and, 


FlO.  B. 

geometry  and  pro- 
jection drairlng  may  be  uaed.  Thli  kind  of  pro- 
JectloD  la  called  ortluvonal.  In  projecting  the  whole 
■phere  or  half  of  It,  It  la  customary  to  make  tbe 
projection  either  on  the  piano  of  the  equator  or 
on  the  plane  or  a  meridian.  Except  ror  very  accu- 
rale  work  and  map*  on  an  unusually  large  acale, 
the  earth  may  be  projected  aa  ir  It  were  a  perfect 
apherc.  We  ahall  ahow  how  lo  projocta  hemisphere 
both  on  Ibe  plane  or  the  equalor  and  on  tbe  plane 
or  a  meridian.  (1)  Let  KESQ,Flg.3,  be  the  prin- 
cipal meridian  (say  the  meridian  of  Waahlngton). 
ERQ  the  equator,  and  KSS  any  other  meridian 
(In  tbla  cue  in  longitude  60°,  ao  that  angle  ECU 
=  60°),  Thla  Sgnre  la  a  perapectlve  Tle«  uaed  for 
the  purpoaesor explanation.  To projectlhe  northern 
henilaphere  £Jrq.v  on  the  plane  of  the  equator, 
draw  a  circle  la  repreaent  the  equator,  aa  ahown  in 
Fig.  4.  Since  the  plana  or  all  meridians  are  perpen- 
dicular lo  the  plane  of  the  equator  and  paaa  through 
the  center  C,  Fig.  3.  they  will  be  projected  la  radial 
Jlnea.  aa  ahown  In  FIr.  4.  All  parallela  or  latitude  are 
pmjcclcdln  true  atzeuclrclea,  since  their  planeeare 


UierelOre, 
Jectlon  0  r  tbe  equa- 
tor, and  L'J*  li  the 
l^ojectlon  or  the 
parallel  £AV,  Fig. 
3.  Tbe  distance 
Cff  ^  C  0,  Fig,  3, 

and  may  b 
calculated 
atructed  ai 
dlu*  r  li 
ceding  csae. 

Fig,  S.  la  projected 
Into  a  temlelUpae 
^  B,'    S".  Fig.   S, 


parallel  lo  Ibe  plane  of  projection.  The  radius  r  of 
any  parallel,  aa  L  KJ,  Fig,  3,  In  latitude  1.  la  easily 
calculated  by  tbe  formula  r  =^  0  J  ^  CJ  tin  If  CJ 


I.   Thus,  £*  Q*  la  tbe  pro- 


Fra.  5 


or  axis,  OR,',  la  round  aa 
followa:  Themlnoraxlabelngtheprojectionor  C». 
Fig.  3.  on  the  plane  of  tbe  principal  meridian,  it  la 
equal  to  tbe  dlitance  CR,  from  V  to  the  foot  of  the 
perpendicular  B  Bi  from  if  on  that  plane ;  and  we 
have  CR,  ™  CJtcoi  R  CR,  —  aeotm,  where  m  lathe 
longitude  of  the  meridian  IfRS.  In  thla  way  <7  A' 
In  Pig.  b  (=  i.'AiOfPlg.  3)  la  ealculated.  To  find  It 
by  conalTuctlon,  lay  off  tbe  arc  CT  X^'  ^  m  (In  thla 
cue  60°),  and  project  R,'  ap  to  £*  V.  aa  ahown. 
Other  meridiana  are  projected  In  eiaeUy  tbe  same 


define  ror  me  the  following  t«i 


dr. 

wing  a   right 

rinr 

Bide  adjacent  to 

HC 

/OlnFig.  3)  wlllbe 

radlua  of  gyration. 
(b|  Todbuntar>a  "  Me- 

Bndlng  the  parallelo- 
gram or  forcea :  Let 
A  B  and  A  C  repreaent 
z;  then,  ir  .^B  =  roice 


la  thla  ronaula  correct!   (c|  Uaing  the  same  dla- 
gram^lathe  following  correct? 

Alf^ACf-^iACiMtx  +  at^x  +  antx      (1) 
fi^^  coa»i-l- eln'i.  (2) 

Then,  mbatlluting  (2>  In  (1). 

Alf^  AC'  +  iACcoix  +  Ci>'  = 
Ri^  C  +  f-t-JCcoai. 
know  thatalnee  and  coalneaare  really  raUoa.  but 
'  '  "  -  ■  ■  -  [Jim  repreeentlng  them  by  Una. 
H.  U.  K..UcKee,K.  C. 
AKS.— (a)  It  is  lmpo«lbIe  to  give  deflnlUoiu  oi 
these  terms  that  are  intelligible  to  any  pereon  that 
bas  not  a  considerable  knowled([e  of  elementary 
mathematics  and  mechanlca;  and  It  Is  a  waste  of 
your  time  and  energy  to  endeavor  to  underatand  the 
terma'*momentoriuertla"and  "radlua of gyraUon  " 
before  you  comprehend  the  parallelogram  or  fbrcea. 
From  your  difficulty  with  the  parallelogram  of 
forcea  it  la  evident  that  your  knowledge  of  trigo- 
nometry la  Inaulllclent  to  enable  you  to  read  proflt- 
ably  such  a  book  as  Todhonler's  "Mechanlca":  to 
do  ao  you  require  to  know  an  amount  of  trigonom- 
etry equivalent  to  Todbunter'a  "Trigonometry  Ibr 
Beglnnera."  Both  of  these  are  good  booka,  and  It  la 
not  Impossible  ror  you  to  read  them  without  a  teacher 
though  tbe  booka  were  written  foi  atadenta  thftt 


I  think  I 
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have  the  benefit  of  a  teacher.  Yon  will  find  the 
terms  you  mention  defined  and  explained  in  Tod- 
hunter's  **  Mechanics."  The  simplest  definitions  of 
these  terms  are  as  follows :  The  moment  qf  a  for<x 
teith  respect  to  a  point  is  the  product  obtained  by  mul- 
tiplying the  force  by  the  length  of  the  perpendicular 
drawn  fh)m  the  point  to  the  line  of  action  of  the  force. 
To  define  moment  of  inertia  and  radius  of  gyration, 
conceive  the  whole  mass  of  a  body  divided  into  a 
very  great  number  of  very  small  parts  or  masses. 
Then  the  momatt  q/"  inertia  qf  the  body  with  respect  to 
any  line  is  equal  to  the  sum  of  all  the  products 
obtained  by  multiplying  each  of  the  small  mafses  by 
the  square  of  its  perpendicular  distance  from  the 
line.  Let  M  denote  whole  mass  of  the  body ;  tiii,  mt, 
m^  tn4,  etc.  the  masses  of  the  small  parts  \d\,dm,dt,d^ 
etc.  the  perpendicular  distances  of  mj,  m^,  mj,  ^4,  etc. 
from  the  line;  and  let  I  denote  the  moment  of 
inertia.  Then  the  definition  of  moment  of  Inertia 
which  has  Just  been  given  is  expressed  by  the 
equation 

I— mxd\*-\-mtd^-\-m^d^^m^d^-\-  etc. 

The  radiut  qf  gyration  of  the  body  xcith  respect  to  a  line 
is  equal  to  the  square  root  of  the  quotient  obtained 
by  dividing  the  moment  of  inertia  of  the  body  with 
respect  to  that  line  by  the  mass  of  the  body.  If  K 
denotes  the  radius  of  gyration,  this  definition  of  the 
radius  of  gyration  is  expressed  by  the  equation 


K  = 


M 


From  which  we  obtain 


I 

or  I=MK^. 

(6)  The  formula  given  by  Todhunter  is  correct; 
this  formula  is  proved  as  follows :  Draw  D  E  per- 
pendicular to  ^  C  produced.    By  geometry  we  have, 

A^ff  =  Tcf  +  CZ)*+  2ACXCE. 
But,  CD  =  AB;  and  therefore 

Alf  =AC^  -^  AB^  +2ACXCE.     (3) 

The  angle  E  CD  is  equal  to  x,  and  by  the  definition 

of  the  cosine  of  an  angle,  we  have 

CE 
cos  £  CD  =  cos  X  =  -  -^.  (4) 

Therefore, 

CE  =  CD  cos  x  =  A  BcoBx. 

Putting  A  B  ix>s  X  for  C E  in  (3),  we  get 

AD^=  JC*+  AB^-k-2ACXABco8x; 
or,  iP  =  P«+ <? +2  PQ cosx. 

Your  equations  (1)  and  (2)  are  not  correct  if  we 
define  the  cosine  of  an  angle  as  a  ratio,  as  in  equa- 
tion (4).    To  make  your  equations  correct  we  must 
define  the  sine  and  cosine  by^equations  (5)  and  (6) : 
ein  ECD=' Bin  x^  ED;  (5) 

COB  E  CD  =  cos  X  ==  CE.  (6) 

Substituting  cos  x  for  CE  from  (6)  in  (3),  we  get 


AC*  -\-  AB^  ■¥  2ACCOSX. 


CE*  +  =>  ED*  =  C082 X  +  8in« x. 


(2) 


AD 
But, 

Therefore, 

Ajf  =  AC^  -\-  C08«  X  +  sin*  X  +  2ACC08X 
=  AC*-\-2ACcoBx-^-  cos^x  +  sins  x. 

Accordingly  your  equations  (1)  and  (2)  are  correct 
if  the  sine  and  cosine  are  defined  by  equations  (5) 
and  (6).  Formerly  the  sine  and  cosine  were  defined 
in  this  way  as  lines  ;  but  these  definitions  have  long 
since  been  abandoned  because  they  were  found  very 
inconvenient.  The  cosine  of  an  angle  is  always  now 
deflned  as  a  ratio  by  means  of  equation  (4). 


(241)  (a)  Please  tell  me  what  I  can  mix  with 
orange  shellac  to  produce  a  smooth,  glossy  polish. 
Will  the  same  do  for  black  shellac  for  patterns?  (6) 
With  what  can  I  stick  lead  numbers  or  leathers  on 
iron  patterns?  L.  A.  S.,  New  Bedford,  Mass. 

Ans.— (a)  The  Scientific  American  Cyclopedia  con- 
tains the  following :  *  A  varnish  has  been  patented 
in  Germany  for  foundry  patterns,  which,  it  is  claimed^ 
dries  as  soon  as  put  on ;  it  gives  the  patterns  a  smooth 
surface,  thus  insuring  an  easy  slip  out  of  the  mold ; 
it  prevents  the  patterns  from  warping,  shrinking, 
or  swelling,  and  is  quite  impervious  to  moisture. 
This  varnish  is  prepared  in  the  following  manner :  30 
pounds  shellac,  10  pounds  Manila  copel,  and  10 
pounds  Zanzibar  copal  are  placed  in  a  vessel,  heated 
externally  by  steam,  and  stirred  during  4  to  6  hours, 
after  which  150  parts  of  the  finest  potato  spirits  are 
added,  and  the  whole  heated  during  4  hours  to  87^  C. 
(189<>  F.).  This  liquid  is  dyed  by  the  addition  of 
orange  color,  and  can  then  be  used  for  painting  the 
patterns."  We  suppose  this  varnish  can  be  colored 
black  by  the  addition  of  lampblack,  without  injuring 
its  qualities.  (6)  An  experienced  patternmaker  says 
that  the  backs  of  the  letters  are  coated  with  shellac, 
and  the  letters  are  then  stuck  on  the  pattern,  which 
must  be  coated  with  shellac  before  the  varnish  dries. 

»  » 

(242)  Kindly  show  how  to  determine  the  diameter 
of  a  pipe  that  will  carry  8,000  gallons  of  water  per 
minute,  with  a  fall  of  2  feet  per  mile.  I  have  worked 
this  problem  by  means  of  the  formula  given  in  the 
Mechanics'  Pocket  Memoranda,  and  also  by  Kutter's 
formula,  but  the  results  obtained  do  not  agree.  I 
suppose  I  have  made  some  mistake  in  applying  the 
formulas.  J.  P.  S.,  Stockton,  Cal. 

Ans.— Calculating  the  diameter  by  the  formula 
given  in  the  Mechanics'  Pocket  Memoranda,  we  have, 
remembering  that  in  the  formula  the  discharge  is  in 
gallons  per  second, 

d  =  1.229^''?  =  1.229  ^>--«^^^^5^  =  42.6  inches. 

This  is  probably  a  reliable  value  for  a  smooth  pipe, 
when  new  and  in  the  best  of  condition.  Kutter's 
formula,  as  usually  written,  is  not  in  a  convenient 
form  for  calculating  the  diameter  of  a  pipe  for  a 
given  discharge.  A  formula  that  is  highly  recom- 
mended for  the  case  of  rough  cast-iron  pipes,  as 
ordinarily  laid,  is  the  following  modification  of 
Darcy's  formula :  

in  which        D  =  diameter  of  pipe  in  feet ; 

Q  =  discharge  in  cubic  feet  per  second  ; 
h  =  fall  per  thousand  feet  of  length  of 
the  pipe. 
Applying  this  formula  to  your  example,  we  have 


D  = 


=  3.844  feet  =  46.128  inches. 


6  .'      8,000S_   _^  _2_ 
\7.482X602   '    5.28 
The  nearest  standard  size  is  48  inches,  which  is 
probably  the  diameter  that  should  be  used. 

* 

(243)  (a)  We  have  a  nest  of  four  boilers  that  feed 
into  a  7-inch  pipe  which  supplies  an  engine  with 
steam  through  a  5-inch  pipe.  We  now  wish  to  supply 
another  engine  by  means  of  another  5-inch  pipe  n*om 
the  same  7-inch  pipe.  Will  the  one  7-inch  pipe  be 
capable  of  feeding  the  two  5-inch?  (6)  If  one  of  the 
engines  were  placed  at  the  end  of  the  7-inch  pipe, 
where  should  a  5-inch  pipe  be  connected  for  tne 

results  ? 
J.  C,  Deciitur,  111. 

Ans.— (a)  The  internal  area  of  a  standard  7-inch 
wrought-iron  pipe  is  38.737  square  inches,  and  the 
area  of  a  5-inch  pipe  is  19.99  square  inches;  the  two 
5-inch  pipes  will  therefore  have  an  area  of  39.98 
square  inches,  a  little  more  than  the  one  7-inch. 
The  resistance  to  flow  through  the  7-inch  pipe  would 


^  '       Other  engine,  to  obtain  the 


pipe  b 
be  best 
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be  less  in  proportion  to  its  area  than  through  the  two 
Bihaller  pipes,  and,  if  the  connections  are  properly 
made,  the  7-inch  pipe  should  easily  supply  the  two 
smaller  ones.  (6)  Attach  the  second  5-inch  pipe  at 
the  point  that  will  give  the  shortest  and  most  direct 
connection  between  the  7-inch  pipe  and  the  engine. 

* 
#  * 

(244)    The  distance  between  the  centers  of  two 

pulleys,  5  and  7^  feet  in  diameter,  is  21)  feet.    What 


is  the  horizontal  distance  x  when  the  pulleys  are  6 
and  7)  feet,  the  length  of  belt  and  vertical  distance 
between  centers  of  7  feet  remaining  the  same? 

A.  W.  B.,  Miles  Grove,  Pa. 
Ans.— The  length  of  the  belt  is,  closely  enough, 
equal  to  half  the  circumference  of  one  pulley  plus 
half  that  of  the  other,  plus  twice  the  distance  d 
between  centers.    Thus. 


and, 


J,  ^  7.5  IT  ^6»  ^2x21.3333; 
^='-^'  +  ^  +  2Xd. 


Putting  both  expressions  equal,  we  get 

d  =  2  (2  X  21.3333  -  ^)  =  20.M79  feet. 
Furthermore,  x=  y^  dP  —  V  ^  19.0844  feet. 

(245)  (a)  What  is  the  best  way  of  applying  asbes- 
tos in  flour  form  to  a  hot- water  heater?  My  idea  is 
to  mix  it  with  some  liquid  and  so  make  a  mortar 
that,  when  laid  on  the  smooth  surface  of  the  heater, 
will  adhere  securely.  (6)  I  am  thinking  of  putting  a 
water-heating  apparatus  in  a  greenhouse,  100  feet 
long,  20  feet  wide,  9  feet  high,  exposed  on  two  sides, 
ana  having  \  pitch.  How  must  I  arrange  the  pipes 
so  as  to  get  the  most  satisfactory  results,  and  wnat 
size  pipes  should  be  used  ?  I  wish  to  employ  a  low- 
pressure  svstem  of  heating,  and  to  place  the  heater  at 
one  end  above  the  ground . 

F.  W.  R.,  New  London,  Ohio. 

Ans.— (a)  It  is  customary  among  steam  fitters  to 
mix  asbestos  in  cement  or  mortar  by  the  introduction 
of  water  and  plenty  of  "  elbow  grease."  The  cement 
must  be  thoroughly  mixed  and  made  very  plastic 
before  it  is  applied  in  the  ordinary  manner  with  a 
trowel.  To  keep  it  from  cracking  and  falling  off  a 
smooth  surface,  such  as  the  outside  of  a  hot-water 
heater,  we  would  advise  you  to  encircle  the  heater 
with  wires  or  a  screen,  or  something  to  which  the 
mortar  can  adhere.  (6)  The  proper  way  to  arrange 
pipes  so  as  to  get  the  most  satisfactory  results  is  to 
place  them  under  the  benches  and  around  the  ex- 
posed walls  as  much  as  possible ;  but  if  you  set  the 


heater  above  the  ground,  that  is,  above  the  level  of 
your  coils,  the  circulation  will  be  too  sluggish  for 
proper  resnlta.  We  advise  you  to  dig  a  pit  and  set 
the  heater  at  least  3  feet  below  the  coils,  in  the  ordi- 
nary manner.  It  is  foolish  to  court  trouble  by  set- 
ting the  heater  higher  than  the  heaUng  coils.  Use 
4-inch  pipe  for  the  coils,  if  you  can  afford  it. 

* 

♦  « 

(246)  I  wish  to  design  a  stand  pipe  8  feet  in 
diameter.  100  feet  high.  Kindly  give  the  following 
information  regarding  it:  number  of  sections  of 
which  it  should  be  built,  diameter  of  foundation, 
material,  how  arched,  class  of  steel,  thickn^  of 
each  section,  general  construction  and  dimensions 
of  the  foundation.       £.  E.  R.,  Moundsville,  W.  Va. 

Ans.— The  question  is  too  extensive  to  be  answered 
in  these  columns.  We  must  draw  the  line  at  furnish- 
ing complete  plans  and  specifications  for  engineering 
workf  not  only  in  Justice  to  our  colleagues  in  the 
profession,  but  also  because  we  feel  it  to  be  too  great 
a  responsibility  to  place  data  of  this  kind  in  the 
hands  of  laymen. 

*  * 

(247)  I  have  a  steam  boiler,  60  inches  by  16  feet, 
ftimishing  steam  at  100  pounds  pressure  to  a  12"  x 
36"  Corliss  engine  and  a  9"  X  9"  slide-valve  engine. 
Everj'  week  or  two  the  boiler  leaks,  not  all  over  at 
once,  as  it  used  to,  but  one  side  at  a  time.  There  is 
not  much  scale  on  the  head,  and  what  there  is  is  on 
the  bottom  of  the  tube.  What,  in  your  opinion,  is 
the  cause  of  the  leaking  ? 

J.  A.  B.  K.,  San  Francisco,  Cal. 
Ans.— We  really  cannot  say  why  it  should  leak  on 
the  one  side  more  than  on  the  other.  Perhape  the 
seams  and  rivets  on  the  other  side  have  been  calked 
without  your  knowledge.  Or  you  may  have  been 
putting  in  meal,  sawdust,  or  something  of  the  kind 
to  stop  the  leaking,  and  the  seams  have  for  some 
reason  "taken  up"  more  on  the  one  side  than  on 
the  other.  This  is  only  surmise,  but  in  the  absence 
of  all  knowledge  as  to  the  conditions,  trivial  and 
otherwise  (and  we  cannot  conjure  up  every  poeslUe 
contingency),  we  cannot  tell  you  anything  more 
explicit.  As  to  the  reason  for  the  boiler  leaking  at 
all,  periodically,  it  may  be  due  to  change  of  feed- 
water,  getting  up  steam  too  quickly,  blowing  oat 
while  under  steam  and  thus  cooling  off  suddenly,  or, 
worse  still,  you  perhaps  proceed  to  wash  out  with 
cold  water  before  the  boiler  has  cooled  down.  Or, 
maybe,  intending  to  clean  out  the  Inside,  you  do 
not  wait  for  the  boiler  to  cool  down  gradually,  but 
open  the  dampers  and  fire-door  and  so  let  the  cold 
air  in.    This  is  as  bad  a  practice  as  you  can  indulge  in . 

(248}    The  miction  pipe  of  a  pump  aboard  ship  is 

Erovided  with  a  strainer,  which  becomes  clogged 
requeutly  with  grass  and  sea  weed.  It  is  located  7 
feet  below  water-line.  To  clear  the  strainer,  after 
closing  the  suction  valve,  steam  is  blown  into  the  pipe 
through  a  l^-inch  pipe  provided  for  the  purpose. 
The  clearing  of  the  strainer  is  accompanied  by  a 
loud  report.  Does  this  indicate  danger  to  the  pipe, 
which  is  of  cast  iron,  1|  inches  thick?  If  so.  what 
would  vou  advise?  W.  H.,  Seattle,  W^ash. 

Ans.— The  report  is  caused  by  the  sudden  influx  of 
water  after  the  strainer  is  cleared,  intensified  by  the 
condensation  of  steam.  This  may  prove  dangerous 
to  the  cast-iron  pipe.  We  would  use  water  instead 
of  steam,  connecting  the  l^-inch  pipe  with  a  tank 
holding  about  20  gallons,  located  above  water  level. 

* 

(249)  How  much  power  is  required  to  drive  a 
2"  X  12"  emery  wheel  at  a  speed  of  6,500  feet  per 
minute?    The  journals  are  U  in.  x  6  in. 

R.  H.  S.,  Nebraska  aty,  Neb. 

Ans.— The  power  necessary  may  be  from  4  to  3 
horsepower,  according  to  material  ground  and  grain 
of  wheel. 


BRAVERY  ESSENTIAL  TO  SUCCESS. 


U  Vro  GREAT  deed  is  done  by  falterera, 
i\  who  ask  for  certainty."  These 
ringing  words  of  George  Eliot  are 
illustrated  by  Felltham,  who  adds :  "Irreso- 
lution is  a  worse  vice  than  rashness.  He 
that  shoots  last  may  sometimes  hit  the  mark, 
but  he  that  shoots  not  at  all  can  never  hit 
it  Irresolution  loosens  the  joints  of  a  state ; 
like  an  ague,  it  shakes  not  this  nor  that  limb, 
but  all  the  body  is  at  once  in  a  fit  The 
irresolute  man  is  lifted  from  one  place  to 
another,  so  hatcheth  nothing,  but  addles  all 
his  actions." 

Lieutenant  Hobson's  exploit  in  connection 
with  the  Spanish-American  war  has  scarcely 
passed  from  our  minds.  But,  great  as  it 
was,  it  is  only  one  of  many  acts  of  heroism 
on  record  in  naval  warfare. 

It  will  interest  the  present  readers  if  we 
remind  them  of  the  thrilling  adventure — one 
of  the  most  heroic  in  English  history — of  a 
mere  lad  in  the  British  navy,  which  occurred 
nearly  two  hundred  and  fifty  years  ago. 

In  one  of  the  most  hotly-contested  battles 
ever  fought  between  English  and  Dutch 
seamen,  the  masts  of  Sir  John  Narborough's 
flagship  were  shot  away  early  in  the  encoun- 
ter. The  admiral  at  once  x)erceived  that  his 
case  was  hopeless,  though  his  men  might 
fight  ever  so  bravely,  unless  he  could  in 
some  way  bring  round  to  his  assistance  the 
English  Reserve,  which  lay  off  to  the  right, 
some  distance  away.  To  signal  them  was 
out  of  the  question,  of  course.  There  was 
but  one  hope,  and  that  was  a  forlorn  hope — 
if  Eomehow  he  could  get  carried  to  these 
ships  a  message  conveying  the  admiral's 
command,  he  might  get  help  in  time  to  avert 
calamity.  Yet  it  was  plain  that  no  boat 
could  reach  those  British  vessels  with  the 
Dutch  ships  lying  between,  and  a  perfect 
hail  of  shot  and  shell  coming  down  with 
such  fatal  violence  and  frequency.  True,  a 
man  might  swim  to  those  reserve  ships  and 
possibly  escape  the  gauntlet  of  the  enemy's 
fire;  but  would  any  seaman  undertake  it? 
It  was  a  last  resort,  but  Sir  John  wrote  an 
order  for  these  vessels  to  come  to  his  aid, 
and  then  asked  whether  any  man  would 
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volunteer  to  take  his  despatch  under  the 
enemy's  fire  to  the  neighboring  ships.  A 
throng  of  able-bodied  sailors  presented  them- 
selves, ready  to  undertake  the  risk ;  and 
among  them  stood  forth,  conspicuously,  one 
fearless  lad.  The  admiral  looked  at  him 
with  a  look  in  which  pity  and  admiration 
were  mingled,  and  said,  "My  boy,  what 
can  you  do?  "  *'  I  can  swim,  sir ;  and  if  I 
be  shot,  sir,  I  can  be  easier  spared  than  any 
one  else."  The  boy  was  both  a  hero  and  a 
patriot.  The  kind-hearted  admiral  hesitated 
for  a  moment  and  then  handed  to  the  brave 
lad  the  paper  containing  the  order  on  which 
all  hope  depended. 

The  boy  placed  it  between  his  teeth,  hold- 
ing it  desperately  fast,  and  plunged  into  the 
water,  which  was  a  seething  caldron  under 
the  hot  fire  of  the  Dutch  vessels.  His  com- 
rades cheered  him  as  on  he  swam,  shot 
falling  and  shell  bursting  all  around  him. 
At  times,  in  the  thick  smoke,  he  was  lost 
sight  of,  but  again  for  a  moment  would 
reappear,  still  swinmiing  on  towards  the 
ships,  as  though  he  bore  a  charmed  life.  At 
length  he  was  lost  to  sight 

The  brave  admiral  and  his  faithful  crew 
held  on  with  desperate  determination,  but 
as  no  help  came,  it  seemed  very  certain  that 
the  heroic  boy  had  perished  in  the  angry 
fiood.  They  were  just  beginning  to  look  on 
the  day  as  lost,  and  themselves  as  lost  also, 
when  on  their  right  was  heard  a  sudden  and 
terrific  thunder  of  cannon.  The  boy  had 
reached  the  reserve  squadron  in  safety,  and 
delivered  his  message;  and  the  friendly 
vessels  were  bearing  down  directly  on  the 
Dutch  with  all  their  artillery.  It  was  but  a 
few  hours  before  the  tide  of  battle  turned 
and  swept  the  Dutch  ships  away,  disabled 
and  defeated.  The  enemy  was  fleeing  in  all 
directions  and  the  day  was  won. 

The  cabin  boy  deserved  a  reward,  for  he 
had  saved  his  country  from  defeat,  and 
when  the  honors  and  dignities  of  that  ter- 
rible day  were  distributed,  he  was  not  passed 
by.  As  the  sunset  fell  upon  the  awful  scenes 
of  peril  and  naval  struggle,  he  was  called 
to  the  deck  of  the  flagship,  to  hear  the 
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FIRING  AT  ONE  SPOT, 


admiral's  words  of  praise  and  commenda- 
tion for  his  brave  deed  of  daring ;  and  Sir 
John  added  what  proved  prophetic:  **I 
shall  live  to  see  you  have  a  flagship  of  your 
own." 

That  boy  was  Cloudesley  Shovel.  Not 
long  after,  he  was  made  a  lieutenant  in 
Her  Majesty's  navy.  Lieutenant  Shovel, 
only  twenty-four  years  old,  was  sent  with 
a  message  for  the  Dey  of  Tripoli,  in  1674, 
which  he  delivered  as  became  a  British 
sailor,  but  he  came  back  with  a  haughty, 
insolent,  and  indefinite  answer.  In  one 
way  his  mission  was  fruitless,  but  not  in 
another.  He  had  not  gone  with  shut  eyes 
or  ears,  and  on  his  return  to  the  admiral, 
gave  him  so  accurate  and  sagacious  account 
of  the  fortifications  of  the  enemy  and  the 
disposition  of  the  piratical  fleet,  that  he  was 
again  sent  to  theDey  with  further  despatches, 
in  order  to  make  further  observations.  This 
time  he  returned  prepared  to  give  not  only 
a  fuller  description  of  the  enemy's  situation, 
but  to  suggest  a  successful  plan  of  attack. 
The  admiral  was  so  gratified  with  his 
sagacity  that  he  entrusted  to  him  the  exe- 
cution of  the  plan  he  had  proposed. 

On  the  4th  of  March,  at  night,  Lieutenant 
Shovel  took  command  of  all  the  boats  of 
the  fleet,  filled  with  combustible  material. 
Under  cover  of  darkness  he  rowed  quietly 
into  the  harbor  and  made  straight  for  the 
guard  ship.  This  he  fired  and  disabled,  and 
thus  prevented  its  giving  orders  to  the  rest, 
and  before  the  enemy  could  get  ready  for 
action,  he  fired  and  blew  up  vessel  after 
vessel,  and  then  brought  back  all  his  boats 
to  his  own  fleet ;  and  in  this  brave  exploit, 
so  splendidly  executed,  he  had  not  lost  one 
man! 

Promoted  now  to  a  captaincy,  he  was  sub- 
sequently made  **  Rear- Admiral  of  the  blue," 
then  "of  the  red,"  then  "Admiral  of  the 
white" — and  is  known  in  history  as  Sir 
Cloudesley  Shovel. 

His  body  is  buried  in  England's  great 
Westminister  Abbey.  Born  in  1650,  and 
wrecked  on  the  rocks  of  the  Scilly  Isles 
in  1707,  he  died  at  the  age  of  fifty-seven, 
universally  lamented.  But  no  exploit  of 
his  forty  years  as  a  British  seaman  will  be 
so  long  remembered  as  his  heroic  mission  in 
bearing  the  admiral's  message  to  the  reserve 
fleet  in  his  boyhood. 


Train  a  boy  to  be  brave,  and  to  speak  the 
truth,  and  you  have  done  your  best  by  him : 
the  rest  he  must  do  for  himself. — Gen.  Lew 
Wdllace. 


AIM  AT    THE    PRACTICABLE  AND 

POSSIBLE. 

IN  YOUR  career  aim  at  the  practicable 
and  the  possible.  Solidity  of  character  is 
attained  not  by  doing  great  deeds  alone, 
but  by  doing  conmion  duties  more  promptly 
and  faithfully  than  other  men.  When  you 
have  shown  yourself  f&ithful  in  a  little,  you 
will  be  trusted  with  much.  Always  measure 
your  strength  before  you  take  hold  of  any 
enterprise ;  but  when  once  you  have  entered 
upon  it,  so  bear  yourself  that  your  fidelity 
cannot  be  questioned.  The  habit  of  fidelity 
will  give  you  confidence  in  yourself,  and 
give  others  confidence  in  you.  The  world 
never  pardons  the  man  who  is  unfaithful  to 
his  trust. 

Above  all,  remember  that  character  is  a 
word  of  great  comprehension.  To  be  real, 
it  must  be  enduring  as  eternity.  Men  seek 
honor,  power,  fame,  and  wealth  as  modes 
of  well  being.  But  we  all  know  that  all 
of  these  may  be  attained  and  still  leave  the 
heart  ''dry  as  summer  dust,"  and  the  soul 
burning  with  thirst  for  the  "  water  of  life." 
All  these  are  but  forms  of  power.  In  them- 
selves they  cannot  satisfy  the  longings  of 
the  soul.  The  law  that  binds  moral  beings  is 
self-sacrifice  and  devotion  to  duty.  Power 
of  any  sort,  made  into  an  instrument  of 
selfishness,  becomes  a  weariness  and  weak- 
ness to  the  possessor.  Power  used  to  curse, 
and  not  to  bless,  reacts  in  unutterable 
remorse.  He  who  seeks  to  attain  perma- 
nent well  being,  must  take  the  moral  law 
as  a  factor  into  his  thought  and  striving. 

FIRING  AT^OTIE  SPOT. 

MANY  years  ago  an  old  castle,  very  strongly 
fortified,  was  taken  by  a  single  gun. 
The  attacking  party  had  only  the  one 
gun,  and  it  seemed  hopeless  to  try  to  take 
the  castle ;  but  one  soldier  said, ''  I  can  show 
you  how  you  can  take  the  castle."  He 
pointed  the  cannon  at  one  spot  and  fired, 
and  went  on  all  day,  never  moving  the  can- 
non. Each  ball  knocked  a  few  stones  firom 
the  wall.  The  same  thing  was  repeated  the 
next  day,  and  the  next.  By  and  by  the 
stones  began  to  fall  away,  and  by  steadily 
working  the  gun  he  made  a  hole  big  enoagh 
for  the  army  to  walk  through,  and  the  castle 
was  taken. 

When  any  task  looks  at  first  sight  aa 
impossible  as  the  taking  of  this  old  castle, 
look  the  ground  over,  start  aright,  and  don't 
give  up  until  the  battle  is  won.  Remember 
that  *^  perseverance  conquers  all  things." 


JEROME  HALL  RAYMOND. 

Thb  Newsboy  Who  Bbcahb  Pbesidbnt  of  West  Vieqinia  Usiversity. 


THE  Univemt;  of  West  Virgioia  baa  a 
fiicalty  of  flftj-eix  professora  and  in- 
Btrnctors,  and  an  enrollment  of  nearly 
one  thooEand  students.  It  bai,  beeidee,  in 
the  person  of  Jerome  Hall  Raymond,  Ph.D., 
the  eecond  youngest  president  of  any  uni- 
versity in  the  country,  one  of  the  most  able, 
toctfiil,  and  remarkable  men  among  the 
younger  generatioD  of  America'e  men  of 
intellectual  prominence  and  educational  ose- 
ftilness. 

Two  years  ago,  at  the  mirprislDgly  early 
age  of  twenty-nine,  Mr.  Raymond  was  se- 
lected to  fill  the  Presidency  of  the  West 
Vij^inia  University ;  and  the  brilliant  yet 
substantial  successes  he 
has  since  achieved  fully 
justify  the  wisdom    of 
the  dioice  then  made. 
His  course  as  President 
of  the  university    has 
been  characterized    by 
great  ability  and  aggres- 
sivenesB,  and  under  his 
firm,  as  wellas  far-seeing 
rule,  the  institution  has 
grown  and  expanded  to 
a  remarkable  degree. 
He  bas  introduced  the 
Gontinuons-eeesion  plan, 
by  which   all    depart- 
ments of  the  tmiversity 
are  is  session  through- 
oat  the  year;   he  has 
established   instruction 
by  correspondence; 
founded  a  School  of 
Music;  added   Depart- 
ments of  Drawing  and 
Punling,  and  of  Domestic  Science,  besides 
greatly  strengthening  other  departments  of 
the  university.     His  sound  judgment  and 
orii^ality  as  an  administrator  have  attracted 
the    favorable   notice    of    the    edacational 
world,  usually  so  cautious,  and  oflen,  we 
may  say  it,  so  fastidious. 

That  gifted  and  justly  beloved  woman, 
Frances  E.  Willard,  tells  the  story  of  Jerome 
Hall  Raymond's  early  life  struggle— a 
struggle  illustrative  of  self-knowledge,  self- 
reepect,  and  self-control. 

This  story  also  recalls  Ruskin's  famous 
saying:  "There  is  not  an  hour  of  youth  but 
is  trembling  with  opportunities,  not  a  mo- 


ment of  which,  once  past,  the  appointed 
work  can  ever  be  done  agtun,  or  the  n^ 
lected  blow  struck  on  the  cold  iron." 

Miss  Willard  tells  ns  that  young  Raymond 

was  a  little  fellow,  perhaps  seven,  with  a 

fine,  well-knit  boyish  figure  and  winsome 

face.    He  lived  with  hie  mother  and  older 

sister  in  two  rooms  in  Chicago,  in  circnm- 

Btances  threatening  to  soon  become  trying 

from  need,  for  the  mother  was  a  soldier's 

widow,  living  on  the  scant  reeonrces  of  a 

modest  pension.     "  Give  me  a  penny,"  said 

young   Raymond   one   day  to   bis    sister, 

"Give  me  a  penny."    So  earnestly  and  so 

repeatedly  did  the  boy  prefer  the  request 

that  his  sister  at  length 

gave   him    the    penny. 

With  that   penny  he 

bought  an  evening  paper 

and  hurrying  along  the 

street  kept  on  saying: 

"  Who  will  give  me  two 

cents  for  this  paper?" 

His  handsome  flgureand 

wi  nn  ing  way  soon  found 

him  a  purchaser,  and 

started  him  on  a  career 

of  success  as  a  newsboy. 

After  much  difficulty  he 

succeeded  in  obtaining 

a  place  in  front  of  the 

Sherman  House,  where 

good  fortune  blessed  his 

tact,  persistence,  and 

good  conduct.    None  of 

the  evil   ways   of  the 

street    contaminated 

him,  and  he  regularly 

brought  home  all  he 

earned  to  the  mother  and  sister  he  loved 

so  well.    Growing  older,  he  went  to  evening 

school,  keeping  up  with  boys  of  more  leisure 

and  better  opportunities.     He  also  acquired 

such  an  accurate  knowledge  of  bookkeeping 

and  stenography  that  at  the  age  of  fourteen 

he  was  perhaps  the  most  thorough  master, 

for  his  years,  of  these  valuable  acquirements 

to  be  found  in  the  country. 

For  nearly  a  year  he  was  secretary  to 
George  M.  Pullman,  the  palace-car  capitalist ; 
and  in  that  trusted,  as  well  as  exacting, 
position  won  golden  opinions. 

At  eighteen  he  went  with  his  mother  and 
sister  to  Evanston,  III.,  and  there  took  the 
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university  coarse,  supporting  his  loved  ones 
in  comfort  in  a  house  purchased  from  his 
savings. 

For  three  years  he  was  Miss  Willard's 
stenographer,  and  of  his  work  that  noble 
woman  writes:  *'He  helped  me  as  per- 
haps hardly  any  other  has  ever  done, 
for  his  work  was  at  once  so  rapid  and 
so  accurate  that  I  did  not  have  to  look 
it  over,  and  I  was  able  to  put  several 
days'  efforts  into  one." 

We  next  find  him  accompanying  Bishop 
J.  M.  Thorbum  as  secretary  and  companion 
to  India,  where  young  Raymond  made  him- 
self master  of  Sanskrit.  Returning  with 
Bishop  Thorburn  on  his  trip  around  the 
world,  Mr.  Raymond  studied  at  the  John 
Hopkins  University,  and  at  the  University 
of  Chicago,  taking  in  the  latter  institution 
the  degree  of  Doctor  of  Philosophy.  While 
preparing  for  this  degree  he  was  in  charge  of 
the  Class  Study  Department  of  the  University 
of  Chicago,  aad  in  two  years  increased  its 
members  from  two  hundred  and  fifty  to 
more  than  two  thousand. 

He  became,  not  long  after.  Head  Professor 
of  Sociology  in  the  University  of  Wisconsin, 
whence  he  was  called  to  the  Presidency  of 
the  University  of  West  Virginia.  Twenty 
years  of  untiring  and  unselfish  work  have 
placed  him  in  this  proud  position  of  influence 
and  usefulness.  He  was  loyal  to  mother 
and  sister  and  to  home,  and  that  loyalty 
guarded  him  against  the  temptations  that 
beset  so  many  young  men  and  blast  so  many 
promising  lives.  He  has  been  persistent. 
No  matter  what  opposition  he  met,  or  dis- 
couragement overtook  him,  he  went  ahead. 
Drudgery  could  not  weary  him. 

After  having  completed  his  university 
course,  Mr.  Raymond  married  Miss  Hunt, 
who,  by  a  singular  coincidence,  had,  some 
time  before,  taken  the  prize  of  oratory  over 
the  bright  young  student  so  soon  to  be  her 
husband. 

Dr.  Raymond's  uninterrupted  successes 
are  due  to  that  self-reliance  which  is  the 
mainspring  of  every  lasting  triumph. 

O  small  beginnini?s.  ye  are  great  and  strong, 
Based  on  a  faithful  heart  and  weariless  brain  I 

Ye  build  the  future  fair,  ye  conquer  wrong, 
Ye  earn  the  crown,  and  wear  it  not  in  vain. 

"The  key  to  succefis,  in  any  department 
of  life,  is  self-denial.  Idleness,  laziness, 
wastefulness,  come  from  lack  of  it;  while 
industry,  promptitude,  economy,  thrift,  and 
a  successful  career  are  the  result  of  it." — 
Neal  Dow. 
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IF  A  wagon  is  overloaded,  or  left  out  of 
doors,  exposed  to  wind  and  rain  ;  if  the 
axles  are  allowed  to  get  dry  and  the  fel- 
lies to  shrink,  it  will  not  last  a  quarter  as  long 
as  if  it  had  been  properly  cared  for  and  pro- 
tected. If  the  farmer  does  not  keep  his 
harnesses  sheltered,  cleaned,  and  oiled,  they 
become  brittle  and  break.  A  piece  of 
machinery  needs  to  be  carefully  oiled  and 
dusted.  Everything  we  use  must  be  taken 
care  of  if  it  is  to  be  serviceable  and  enduring. 

So  with  that  intricate  machine  not  made 
with  hands — the  body.  If  it  is  neglected  or 
abused,  however  ignorantly,  it  will  rust  and 
fall  away.  The  man  who  might  have  lived 
a  hundred  years  dies  at  forty,  because  he 
has  sped  the  wheels  of  life  too  fast,  clogged 
them  with  refuse,  or  ruined  his  body  by 
exposure  and  excess. 

If  one  owns  an  animal,  he  does  not  forget 
that  there  are  laws  of  hygiene  to  be  observed 
in  making  it  most  efficient.  His  thorough- 
bred horse  or  his  new  thrashing  machine 
receives  the  benefit  of  all  the  information 
he  can  obtain  as  to  its  proper  care  and  man- 
agement. If  he  builds  a  house,  he  makes  it 
a  study  to  secure  the  best  and  most  durable 
materials,  and  when  it  is  finished,  he  does 
not  begin  to  bang  the  doors  and  whittle  the 
woodwork.  We  recognize  and  observe  the 
laws  of  hygiene  when  what  we  call  our 
"property"  is  concerned.  But  whether  it 
is  that  we  fail  to  see  in  our  bodies  tlie  invalu- 
able and  costly  machine  that  has  no  dupli- 
cate, the  most  expensive  house  we  possess, 
or  whether  we  have  grown  so  obtuse  that 
we  cannot  appreciate  any  investment  leee 
gross  and  material  than  lumber  and  iron, 
certain  it  is  that  the  majority  of  people  utterly 
ignore  the  laws  relating  to  the  welfare  and 
preservation  of  their  own  bodies.  We  live 
almost  as  if  there  were  no  such  laws.  We 
even  make  light  of  rules  of  health. 

Dr.  W.  G.  Anderson  declares:  ** A  one- 
sided education  is  not  perfect,  and  that 
scheme  for  '  unfolding  a  human  being'  that 
leaves  out  the  physical  is  one-sided.  Instead 
of  strengthening  the  foundation  of  education, 
or  developing  the  material  upon  which  we 
are  to  build,  we  vary,  modify,  change,  and 
elaborate  the  superstructure,  and  then  won- 
der why  we  make  so  little  progress.  I  do 
not  hesitate  to  place  myself  on  record  as 
prophesying  that  the  living  of  the  oompleteet 
life  that  it  is  possible  to  live  will  be  realized 
when  the  foundation  of  education  is  strength- 
ened ;   when  the  belief  prevails  that    the 
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groundwork  is  just  as  important,  though 
neither  so  beautiful  nor  impressive,  as  the 
building  itself 

Select  food  rich  in  material  to  build  up  the 
body  you  live  in.  Brain,  bone,  and  muscle 
are  not  made  out  of  layer  cake  and  floating 
island. 

Dress  in  warm,  light  clothing,  so  that  the 
circulation  may  be  even  over  the  whole  body. 
If  you  wish  sound  lungs,  dress  so  that  you 
can  breathe  deeply,  and  if  you  wish  a  clear 
head,  keep  your  feet  warm  and  dry. 

Eat  moderately,  sleep  moderately,  and 
hurry  up  moderately.  Be  moderate  in 
everything. 

Don't  Iret  and  worry  about  your  own 
aflairs  or  your  neighbors\  A  fretful,  irri- 
table temper  can  break  down  the  constitu- 
tion sooner  than  hard  work. 

Eat,  sleep,  and  rest  at  regular  hours.  The 
millions  of  brain  cells  and  deUcate  nerves 
are  adjusted  to  a  certain  rhythm  which 
results  in  harmonious  living  and  thinking. 
Destroy  this  rhythm  by  irregular  hours  and 
the  whole  nervous  system  is  thrown  into 
a  jangle,  the  brain  confused,  the  digestion 
disturbed,  and  presently  we  hear  of  a  break- 
down. 

Every  man  who  would  be  well,  needs 
every  day  to  take  plenty  of  healthy  exercise 
which  will  send  the  blood  and  nerve  cur- 
rents thrilling  and  tingling  to  the  very  tips 
of  the  toes  and  fingers,  giving  fresh  life 
to  the  whole  body. 

Genial,  unselfish  cheerfulness,  which  warms 
a  man  in  his  inmost  life,  helps  him  to  be 
strong  and  well,  not  only  in  body,  but  in 
mind. 

To  bend  the  shoulders  and  hollow  the 
chest  when  walking,  not  only  injures  the 
lungs,  but  gives  one  a  look  of  weariness 
and  depression.  To  bend  forward,  with 
the  legs  lagging  behind,  is  not  only  an  un- 
graceful, but  a  very  tiresome  way  of  walking, 
as  all  the  strain  comes  on  the  back. 

Hold  the  x^hest  and  head  up  with  strength 
and  courage,  and  the  chin  down  with  firm- 
ness ;  put  the  foot  down  lightly  and  evenly  ; 
bend  the  little  spring  in  the  instep  which 
makes  the  step  easy  and  flexible,  and  then 
walk  from  the  hips,  not  from  the  knees. 
Walking  is  a  delightful  and  fascinating 
exercise  when  practiced  as  an  accomplish- 
ment. 

Remember  the  old  saying :  "A  healthful 
soul  in  a  healthful  body."  Preserve  the 
harmony  of  mind  and  body. 
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Only  live  fish  swim  up  stream." 


THE  man  who  succeeds  has  a  program ; 
fixing  his  course,  he  adheres  to  it.  He 
lays  his  plans  and  executes  them.  He 
goes  straight  to  the  goal,  not  pushed  to  this 
side  or  that  every  time  a  difficulty  is  thrust 
in  his  way.  If  he  cannot  go  over,  he  goes 
through  difficulties. 

Those  who  make  great  failures  in  life  are 
the  aimless,  the  purposeless,  the  indiflerent, 
the  blundering,  the  shiftier.  No  purpose  is 
there  running  through  the  work  of  such 
men,  unifying  their  eflbrts  and  imparting 
significance  to  their  lives.  The  man  with  a 
distinct  aim,  an  all-governing  purpose,  excites 
admiration  because  he  is  lifted  above  the 
meanness,  the  cheapness,  and  the  pettiness 
which  darken,  hamper,  and  narrow  small 
and  empty  lives.  There  is  a  moral  grandeur 
in  everything  such  a  man  does,  because  the 
nobility  of  his  aim  exalts  even  the  com- 
monest actions.  The  man  with  one  talent 
concentrating  the  powers  of  that  one  talent 
on  some  one  definite,  unwavering  aim,  accom- 
plishes more  than  the  ten-talent  man  who 
divides  his  energies  and  scatters  his  powers. 

Charles  Kingsley  very  beautifully  says: 
''Let  any  one  set  his  heart  to  do  what  is 
right,  and  ere  long  his  brow  is  stamped  with 
all  that  goes  to  make  up  heroic  expression." 
To  which  Phillips  Brooks  adds :  **No  man 
can  live  a  half  life  when  he  has  genuinely 
learned  that  it  is  a  half  life.  The  other  half, 
the  higher  half,  must  haunt  him." 

One  man  with  a  program  and  a  purpose 
in  life  was  James  G.  Blaine.  At  an  early 
period  in  life  he  set  before  himself  the  aim 
to  be  another  Henry  Clay  and  a  greater 
than  Henry  Clay. 

In  his  graduation  address,  delivered  in 
September,  1847,  when  he  was  eighteen 
years  of  age,  young  Blaine,  speaking  of  the 
**Duty  of  an  Educated  American,"  said: 
**The  sphere  of  labor  for  the  educated 
American  is  continuously  enlarging.  But 
recently  we  added  the  vast  dominion  of  the 
Lone  Star  Republic  to  our  glorious  Union. 
The  war  to  which  that  act  gave  rise  is  now  in 
victorious  progress,  and  will  not  end  without 
another  great  accession  to. our  territory, 
possibly  carrying  our  flag  beyond  the  great 
American  Desert  to  the  shores  of  the  Pacific 
sea.  Where  our  armies  march,  population 
follows ;  and  the  full  duty'  for  the  scholar  is 
to  be  continental  in  extent  and  as  varied  as 
the  domains  of  a  progressive  civilization." 

After  graduation  Blaine  first  found  employ- 
ment  in  a  military  school   at   Blue  Lick 
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Springs,  Ky.  He  eubeeqaently  taught  in  the 
Philadelphia  Blind  Asylum,  but  from  1854 
onward,  was  wholly  identified  with  Maine. 
Becoming  part  owner  and  editor-in-chief  of 
the  Kennebec  Journal,  he  entered  on  a  career 
of  active  politics  and  journalism.  His  rise 
was  rapid,  for  his  ability  was  as  unmeasured 
as  his  industry  was  unlimited.  He  attended 
the  first  national  Republican  convention  in 
1856  and  took  active  part  in  the  campaign 
which  followed.  In  ia58  he  was  for  the  firet 
time  elected  to  a  position  of  public  trust — a 
seat  in  the  Assembly  of  the  Maine  Legisla- 
ture. Here  he  devoted  himself  to  a  careful 
and  exhaustive  study  of  parliamentary  usage 
and  debate.  An  assiduous  etudent  of  all  pub- 
lic questions,  he  made  himself  master  of  the 
methods  of  procedure  in  legislative  bodies, 
not  by  power  of  intuition,  but  by  diligent 
study  of  rules,  precedents,  and  historical 
examples.  Soon  did  he  become  such  a 
recognized  authority  on  parliamentary  prac- 
tice that  two  years  later  he  became  Speaker 
of  the  House  of  Representatives  of  the  State 
of  Maine. 

Blaine  was  elected  in  1862  to  the  Thirty- 
eighth  Congress,  succeeding  Anson  P. 
Morrill.  His  very  first  speech  in  Congress, 
delivered  in  1863,  in  advocacy  of  the  assump- 
tion, by  the  National  Government,  of  all  the 
debts  incurred  by  the  states  in  the  prosecu- 
tion of  the  Civil  War,  gave  him  a  national 
standing.  He  became  a  leader  in  Congress, 
one  whose  utterances  were  eagerly  read  and 
whose  opinions  were  readily  followed.  On 
the  4th  of  March,  1869,  Mr.  Blaine  was 
elected  Speaker  of  the  National  House  of 
Representatives.  As  Speaker  he  was  alert, 
thoroughly  versed  in  parliamentary  usage, 
and  in  the  rules,  regulations,  and  precedents 
of  his  high  office.  Impartial,  quick,  self- 
poised,  he  was  probably,  in  all  respects,  the 
best  equipped  parliamentarian  who  ever 
filled  that  historic  chair,  with  one  exception 
alone,  his  great  exemplar,  Henry  Clay,  who 
still  holds  the  reputation  of  having  been  the 
best  Speaker  ever  known  to  the  House  of 
Representatives. 

Speaker  Blaine  spent  more  hours  in  the 
chair  than  any  of  his  predecessors,  and  was 
hardly  ever  absent  from  his  poet.  Always 
courteous  and  fair,  never  losing  his  head,  he 
alone,  when  the  most  exciting  scenes  of 
parliamentary  confusion  prevailed  on  the 
floor  of  the  House,  remained  immovable, 
composed,  and  intently  observant  of  every 
motion  of  the  tumultuous  sea  enclosed  within 
the  Capitol.  There  is  no  doubt  that  Mr. 
Blaine  sought  to  make  the  Speakership  the 


stepping  stone  to  the  Presidency.  In  this 
purpose  he,  like  the  great  Commoner  of 
the  West,  Henry  Clay,  finally  failed.  Hie 
life  was,  however,  like  that  of  Clay,  of  ines- 
timable value  to  his  fellow  men,  and  an 
indescribable  honor  to  America  and  to 
American  citizenship — ^for,  taken  as  a  whole, 
it  was  a  life  of  unremitting  toil  and  of  extra- 
ordinary triumph. 

THE  QUALITY  OF  COURAGE. 

Fancy  the  world  a  hill,  lad ; 
Look  where  the  millions  8to(>— 
Yon' 11  find  a  crowd  at  the  base,  lad ; 
There's  always  room  at  the  top. 

A  true  man,  though  gentle,  is  never  fear- 
ful. Of  high  courage,  he  not  only  asserts 
himself,  and  proclaims  his  own  purposes, 
but  helps  his  neighbor  at  the  greatest 
risk.  The  line  of  heroes  is  not  yet  extinct 
There  are  many  of  all  classes,  who  will 
venture  their  lives  to  rescue  drowning 
men  or  women ;  who  will  snatch  the  help- 
less from  burning  flames.  The  history  of 
modem  society  incontestably  proves  that 
mankind  is  still  blessed  with  such  heroic 
benefactors.  There  are  still  also  founders 
of  charities  for  the  sick,  the  destitute,  and 
the  abandoned.  There  are  still  men  ready 
to  sacrifice  themselves  in  peace  and  war  for 
the  weal  of  others,  in  the  alleviation  of  dis- 
tress and  the  removal  of  danger  to  life  and 
limb. 

When  the  venerable  Marshall  De  Moachy 
was,  during  the  first  French  Revolution,  led 
to  the  scaffold  for  protecting  the  devoted 
victims  of  popular  fury,  a  voice  was  heard 
from  the  crowd,  saying,  '*  Courage,  Moachy ! 
Courage,  Mouchy !  '*  The  hero,  turning  fixin 
those  by  his  side,  uttered  these  memorable 
words :  **  When  I  was  60  years  of  age,  I 
mounted  the  breaches  for  my  King,  and  now 
that  I  am  84, 1  shall  not  want  courage  to 
mount  the  scaffold  for  my  God.'' 

Courage  even  in  minor  things  is  usefuL 
If  one  cannot  be  a  hero,  he  may  always  be  a 
man.  Courage  ficu^es,  and  eventually  over- 
comes, all  the  difiiculties  of  life.  Courage 
enables  us  to  adhere  to  good,  and  avoid  bad, 
resolutions  ;  to  pay  our  debts  and  not  to  live 
upon  the  means  of  others ;  to  speak  freely, 
but  to  be  silent  where  others  might  be 
injured ;  to  examine  ourselves  and  to  con- 
fess ignorance ;  to  admit  that  we  have  been 
in  the  wrong ;  to  detect  faults  and  amend 
our  conduct  to  the  best  of  our  ability. 

Moral  courage  can  do  all  these  things, 
though  at  first  sight  they  may  seem  full  of 
diflSculty. 


STUDENTS   WHO   HAVE   BENEFITED   THEMSELVES 

THROUQH  HO MB  STUDY 

IN  THE  INTERNATIONAL  CORRESPONDENCE  SCHOOLS, 

SCRANTON.  PA. 


INSPECTOR  OF  WORK 

AT  $27.00  PER 

I  joined  tlie  Schools  May  18,  1894,  enroll- 
ing in  the  Complete  Architectural  Course, 
I  learned  more  in  six 
monthsatbomethan 
in    all    the   years    I 
had  attended  night 
school.    The  course 
has  been  worth  many 
timea  the  amount 
it  cost  me,  as  I  now 
hold  a  good  position 
as  Inspector  of  Work 
for   the  Plasterers' 
Association  of  Chi- 
cago, at  a  salary  of 
$27.00  per  week.    I 
have  held  this  position  over  four  months, 
uid  attribute  my  present  success  entirely 
to   the   Schools. — C.   J.    Brightly,   Inspector, 
Chicago,  lU. 

PAY  RAISED  FROM  $50 

TO  $65  A  MONTH. 

It  givce  me  great  pleasure  to  say  a  word  of 
praise  for  your  School.  I  consider  it  a  grand 
inatitntion,  especial- 
ly for  the  working 
people.  The  sim- 
plicity of  the  In- 
struction and  Ques- 


LARGER  SALARY  AS 

CHIEF  ENGINEER. 

For  some  time  previous  to  enrolling  in  tho 
Schools  I  had  been  reodinii;  everything  I 
could  get  pertaining  to  mechanical  and  elec- 
trical engineering,  but  found  that  to  receive 
any  benefit  from  the  better  class  of  books,  I 
needed  a  better  education  in  mathematics. 
I  read  of  the  Correspondence  Schools,  bnt 
hesitated   about 
trying    the   method 
of  instraction,  as 
there   was    no    one 
in    T  o  p  e  k  a  ,    at 
that  time  (1894), 
who  knew  anyttiing 
about  them.     But 
finally    I    enrolled, 
and  was  very  sorry 
afterwards  that  I 
hesitated,  after  see- 
ing how  beneficial  it 
was  in  my  work. 

When  I  enrolled  I  was  second  en^neer. 
About  one  year  afterwards  I  was  promoted 
to  the  position  of  chief  engineer,  at  a  much 
larger  salary.—/.  L.  Chate,  Chief  Engiruer, 
Topeka,  Kan. 


OMMANDS  A 

LARGER  SALARY. 


now  two  years  since  I  enrolled  in  the 
tion  Papers  makes  it     Plumbing,  Heating,  and  Ventilation  Course 


of  The  International 

Schools.  I  hare 
found  it  very  bene- 
ficial to  me  in  my 


possible  for  anyn 

to  get  an  education. 
I  tried  for  two 

years  to  learn  from 

textbooks,  but  I 

learned  more  in 

three  months'  time,      able  to  command  a 

after  I  enrolled  in  larger  salary  than 
The  International  Correspondence  Schools,  ever  before.  I  am 
than  I  did  in  the  whole  two  yeare.  It  has  pleased  with  the  way 
seemed  to  me  as  if  it  was  a  pleasure  to  you  inwhich  you  conduct 
to  give  me  any  special  instruction  I  have  your  Schools,  and 
needed.  I  haveenot^  plumbing  work  now  would  recommend 
in  sight  to  repay  me  for  my  Scholarship,      them  to  all.    Every 

and  have  had  a  raise  in  wages  from  $50.00  

to   $^.00  a   month.— J.  B.   Crotby,   Tinner, 
Savarmah,  Mo. 


mechanic  should  enroll  and  be  convinced  of 
the  sterling  worth  of  your  institution. — 
Linn  H.  Ball,  Plumber,  Mount  Morrit,  N.  Y. 
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STUDENTS  WHO  HA  VE  BENEFITED  THEMSEL  VES. 


IS  NOT  PRACTICING 

ARCHITECTURE. 

After  vainly  trjiag  to  aecore  an  education 
from  textbooks,  I  enralled  in  the  Complete 
Architectnral  Course 
I    of  The  InteraBtional 
Correspondence 
I    Schools.     I    cannot 
I    pndae   the    Schools 
too  highly  for  their 
efforts  to  aid  ambi- 
tions  students   to 
sncceed.    They  have 
notified    me    of 
several  good   open- 
I    ings,  all  better  than 
I    I  had  ever  hoped  to 
hold,  before   study- 
ing in  my  Conrse.    I  now  have  an  architect's 
office  in  thiscity,  withgood  prospects  ahead. 
— Edward  A.  Strong,  Architect,  Sedalia,  tlo. 

MASTER  MECHANIC 

AND  ELECTRICIAN. 

I  had  been  an  art  student  in  several  of  the 
IsT^  cities  of  the  East  for  three  Beaaona  and 
considered  myself  to  be  a  good  draftsman. 
It  was  not,  however,  until  guided  by  your 
instruction  that  I  fully  realized  the  lack  of 
neatnese  and  care  which  my  old  drawings 
betrayed  when  placed  side   by  side  with 
those  which  had  been  returned  to  me  from 
the  Schools.     I  can 
never  give    enough 
praise  for  your  per- 
severing  corrections 
of  my  lettering,  and 
am  aatisGed  that  any 
student  can  become 
a  good  drafleman,  if 
he  will  fhllow  your 
directions  and  note 
your  corrections,  in 
lest  Ime  than  at  any 
other  Ttffular  drawing 
Khool.  I  received  my 
elementary  education  in  three  different  lan- 
guages, and  have  been  a  student  all  my  life. 
I  realize  that  a  common  education  JUx  a  man/or 
a  good  iiff,  wheri'og  a  good  technical  educalion 
Jilt  him  for  a  good   Imfinet. 

I  am  very  much  pleased  with  the  practi- 
cal results  of  my  Course.  1  am  now  master 
mechanic  and  electrician  of  the  Shelby 
Electric  Co.— Cftritfion  fl^.  T.  Hagehtein,  Elec- 
trician, Sbilby,  Ohio. 


•WAGES  ADVANCED 

$2SJ)0  A  MCWTTH. 

On  April  13,  1893,   I  went  to  work  as 
fireman  with  the  Topeka  Railway  Power 
Co.,  and    in  the  year  1896  I  enrolled  in 
the  Schools.    Within  a  year  I  was  made 
second  engineer  and  my  wagea  advanced 
£25.00    a   month, 
being  now  $75.00  a 
month.     I  have  fin- 
ished the  Stationary 
Engineering  Course, 
and  will  nay  that  I 
never  could  have 
held  my  present  po- 
sition,   but   for  mj 
studies.     I    have 
placed   a   letter  on 
file  at  the  Schools 
for  a  better  position, 
and  they  have  found 

one  for  me  in  Alich^an,  which  I  am  now 
considering.  I  am  trying  my  final  exam- 
inations for  a  Diploma,  and  will  be  a  proud 
man  when  I  receive  it,  for  I  will  then  be 
eligible  for  any  position  in  my  line.  It 
gives  me  great  pleasure  to  recommend  The 
International  Correspondence  Schools  to  any 
one,  as  I  have  always  found  them  willing  to 
do  more  than  they  advertised. — Oeorge  B. 
Henderson,  Stationary  Engineer,  Topeka,  Kan. 


SECURES  POSnTON 

AS  DRAFTSMAN. 

I  completed  the  Drafting  Course  in  Th« 
International  Correspondence  Schools  last 
September,  and  within  a  few  weeks  after  its 
completion  I  secured 
a  position  drafting. 
Since  then  I  have 
been  able  to  do  any 
of  the  work  that 
has  been  required 
of  me  and  find  no 
difficulty  competing 
with  those  who  have 
studied  drafting  in 
technical  schools  and 
who  have  been  en- 
gaged in  this  business 
no  longer  than  I. 

I  can  strongly  recommend  the  Schools  to 
any  who  are  desirous  of  bettering  thenaselves 
by  a  technical  education,  as  I  owe  my  suc- 
cess entirely  to  them. — 5.  A  Bator,  Draft»- 
man,  Allegheny,  Pa. 
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Science  and  Industry 


Vol.  IV. 


NOVEMBER.  1899. 


No.lO. 


A  NEW  DEPARTURE. 


BELIEVING  it  to  be  for  the  best  intereets 
of  oar  readers  and  advertisers,  as  well 
as  for  ourselves,  we  have  decided  to  combioe 
the  three  publications — ''The  Mechanic  Arts 
Magazine, "  ' '  The  Steam-Electric  Magazine, '  * 
and  *'  The  Building  Trades  Magazine  ** — in  a 
single  publication  under  the  title  of  Sciencb 
AND  Industry. 

ScisNCB  AND  Industry  will  be  a  64-page 
monthly  magazine;  its  province  will  be  to 
explain,  in  simple,  clear,  and  concise  lan- 
guage, the  facts  and  principles  underlying 
the  construction  and  operation  of  machinery 
and  of  apparatus  of  every  description,  the 
applications  of  science,  and  the  principles 
and  practice  of  building  construction. 

The  editorial  staff  will  consist  of  Mr.  J.J. 
Clark,  M.  E.,  Managing  Editor,  and  the  fol- 
lowing gentlemen,  each  of  whom  is  a  special- 
ist in  regard  to  matters  pertaining  to  his 
department:  Mr.  W.  Scott-Collins,  depart- 
ment of  Structural  Engineering  and  Building 
Trades;  Mr.  T.  N.  Thomson,  department  of 
Plumbing,  Heating,  and  Ventilation;  Mr. 
John  A.  Grening,  department  of  Steam 
Engineering;  Mr.  R.  B.  Williamson,  M.  E., 
department  of  Electrical  Engineering. 

It  will  be  the  aim  of  the  editors  to  make 
this  magazine  of  interest  and  value  to  all 
classes;  in  order  to  accomplish  this,  the 
articles  contributed  to  our  columns  will  be 
kept  as  free  as  possible  from  technical  lan- 
g^oage  not  readily  understood  by  the  majority 
of  our  readers. 

The  department  of  *  'Answers  to  Inquiries '  * 
win  be  a  leading  feature,  12  pages  being  de- 
voted to  answering  the  questions  sent  us  by 
onr  readers.    Owing  to  the  large  number  of 


inquiries  on  hand  and  the  new  ones  received 
with  each  mail,  it  is  frequently  two  and  three 
months  from  the  date  of  receipt  of  the  in- 
quiry until  it  is  published;  but  we  answer 
all  inquiries  as  promptly  as  we  can,  and, 
when  possible,  in  the  order  in  which  they 
are  received,  provided  the  writers  conform 
to  the  rules  given  on  page  485. 

The  "Good  Schemes''  department  will 
be  discontinued,  although  we  shall  continue 
to  publish  r^ly  meritorious  schemes  from 
time  to  time,  in  the  form  of  short  articles, 
scattering  them  through  the  text.  The  head- 
ing ''Chips  and  Spalls"  will  be  retained, 
however,  and  conducted  as  heretofore  in 
"  The  Building  Trades  Magazine." 

It  is  our  earnest  desire  that  Sciencb  and 
Industry  shaU  prove  acceptable  to  all  sub- 
scribers to  our  former  publications,  and  we 
shall  endeavor  to  improve  it  in  every  depart- 
ment as  the  magazine  grows  older. 

The  subscription  price  will  be  10  cents  a 
copy,  $1.00  a  year.  Those  who  remit  $1.50 
will  receive,  in  addition  to  a  year's  subscrip- 
tion, a  copy  of  **The  Mechanics'  Pocket 
Memoranda"  or  "The  Building  Trades 
Pocketbook,"  as  they  may  select;  or,  for 
$2.50,  a  year's  subscription  and  both  pocket- 
books.  Subscribers  to  any  of  the  three 
former  publications  will  receive  Science  and 
Industry  until  the  date  of  the  expiration  of 
their  subscription;  those  who  have  sub- 
scribed to  more  than  one  publication  may 
have  the  amount  of  the  unexpired  sub- 
scription refunded  to  them,  or  may  have 
it  applied  towards  the  purchase  of  any 
article  selected  from  our  premium  list,  as 
they  may  prefer. 


Copyright,  1899,  by  The  Colliery  Engineer  Company. 


SCRAPBOOKS. 


SBLBonKO  THB  Book— Using  Sinolb  Sbebis  and  BrNDRRs— Rbadikg  Both  Stdbb  c 
ScKAP— Cutting  thb  Scbaiw— Ths  Adhsbivb  Matkwal— The  Index. 


1  SUPPOSE  that,  sooner  or  later,  every- 
bodr  gets  the  scrapbook  craze,  but  that, 
like  the  diary  habit,  few  people  keep  it 
up.  I  shall  not  dlecusB  in  this  article  the 
advantages  of  keeping  a  scrapbook,  beyond 
to  remark  that  every  person  that  wieheB  to 
be  well  informed  should  keep  one.  If  one 
is  eepecially  interested  in  a  particular  sub- 
jeot  {or  subjects),  he  should  not  fail  to  pre- 
serve the  articles  relating  thereto  in  one 
way  or  another. 

The  writer  contracted  the  scrapbook  fever 
many  years  ago,  and  has  had  toncbes  of 
it,  more   or   less   severe,  ever  eince.     He 
knows  many  of  the  advantages  and  disad- 
vantages of  Bcrapbooka,  and   purposes   to 
take  the  anxious  public  into  bis  confidence 
regarding   this   matter.    For  the   present, 
only    what    may    be 
termed  the  "  mechan- 
ical"   features    will 
be  considered. 

My  first  scrapbook 
was  an  old  leather- 
covered  account  book 
—about  8  in.  X  6  in. 
in  size — that  had  for- 
merly belonged  to  my 
grandfather.  This  I 
began  when  about  12 

years  of  age,  and  the  _^ 

delight  I  experienced 
in  cutting  out  scraps  and  pasting  them  in 
that  old  book  was  not  to  be  measured  by 
the  results  obtained.  The  chief  defect  of 
this,  mechanically  considered,  was  that  the 
front  part  of  the  book  bulged  open,  far 
beyond  the  thickness  at  the  back,  owing  to 
the  additional  thickness  given  to  the  leaves 
by  the  scraps.  This  defect  I  largely  over- 
(»me  in  my  second  bonk— which  was  one  of 
my  grandfather's  old  ledgers — by  tearing 
out  a  large  number  of  the  leaves.  The 
defect  juat  mentioned  is  entirely  overcome 
by  the  use  of  the  Mark  Tivain  scrapbook. 
In  this  book  the  back  is  very  much  thicker 
than  the  front,  the  book  containing  but 
a  small  number  of  leaves,  considering  its 
thickness.  On  both  sides  oF  each  leaf  are 
parallel  stripe  of  gum  (see  Fig.  1 ),  arranged 


in  vertical  columns.  These  scrapbooks  are 
made  in  various  sizes,  and  all  that  is  neces- 
sary in  order  to  attach  a  scrap  is  to  molaten 
the  strips  of  gum  with  a  brush  or  sponge  that 
has  been  dipped  in  water.  These  scrap- 
books  can  be  bought  at  any  store  dealing  in 
stationery.  The  principal  objections  to 
them  are,  first,  the  price,  which  is  rather 
high,  considering  the  number  of  pagesavail- 
able  for  use;  second,  the  scrape  once  being 
pasted  in  cannot  be  removed  without  soak- 
ing them  off;  third,  if  the  scraps  are  to 
be  read  on  both  sides,  as  is  frequently 
the  case,  they  cannot  be  pasted  in  unlet* 
duplicates  are  at  hand.  If  these  objec- 
tions are  not  considered,  and  it  is  desired 
to  have  a  permanent  book,  there  is  nothing 
better  than  the  Mark  Twain. 

A  cheaper  book  may 
be  obtained  by  pur- 
chasing a  blank  book 
(or  having  one  bound 
for  you)  containing 
about  400  or  500  pages 
of  rather  heavy  paper, 
and  cutting  out  about 
half  of  them,  leaving 
stubs  about  ]  inch 
long.  The  second  and 
thinl  objections  may 
then  be  overcome  by 
,  cutting  six  slils  whose 

length  shall  be  a  trifle 
longer  than  the  width  of  the  scrap — two 
near  the  top,  two  near  the  bottom,  and 
two  at  the  middle  of  the  leaf,  about  t  or  | 
of  an  inch  apart;  the  scrap  can  then  be 
inserted  as  shown  at  a  and  b,  Fig.  2.  For 
short  scraps,  four  slits  will  he  sufficient, 
as  shown  at  e;  while  for  very  short  eciape, 
two  slits  will  be  sufficient,  as  shown  at  d 
and  e.  The  principal  objection  to  this 
arrangement  lies  in  the  fact  that  the  scrap 
must  be  pulled  out  in  order  to  read  the  other 
side;  another  objection  is  that  it  detracts 
somewhat  from  the  appearance  of  the  book, 
though  not  as  much  as  one  would  be  likely 
to  expect. 

When  it  is  necessary  to  read  both  sides  of 
a  scrap,  and  it  is  not  essential  that  the  scrap 
should  be  removable,  a  book  such  ai ' 


SCRAPBOOKS. 


men  use  to  copy  their  letters  in  may  be  used. 
Although  the  paper  ia  very  thin — altnogt  aa 
light  as  tiBBue  paper — it  ie  very  tough  when 
dry,  and  is  not  easily  torn.  The  side  of  the 
scrap  pasted  down  can  then  be  read  as  easily 
aa  the  other  side.     A  lai^  portion  of  the 


leaves  in  the  back  end  oi  the  book  may  be 
torn  out,  and  the  page  numbers  willthen  be 
consecutive.  The  writ«r  has  tried  this  and 
knowB  it  to  be  a  "good  thing." 

All  of  the  foregoing  methods  of  preserving 
scraps  have  one  very  serious  objection:  the 
scraps  cannot  be  arranged  so  that  similar 
subjects  will  be  contiguous,  unless  they  are 
allowed  to  accumulate  until  several  hundred 
are  on  hand.  It  is  then  a  long,  hard  task  to 
arrange  and  sort  them  and  paste  them  in. 
Of  course  the  same  amount  of  time  is 
expended  in  the  end,  whether  the  scraps 
are  pasted  in  as  soon  as  cut,  or  whether  they 
are  allowed  to  accumnlate  and  then  pasted 
in  all  at  once;  but  there  is  a  very  decided 
difference  between  spending   five   or   ten 


Is  and  spending 
one's  evenings  for  several  weeks.  If  the 
scrape  are  pasted  in  haphazard,  nothing  but 
an  extremely  elaborate  index  will  enable 
one  to  find  a  particular  article  for  which  he 
mM,y  be  looking.    This  objection,  and  all  the 


othera  heretofore  mentioned,  may  be  over- 
come by  going  to  a  paper  dealer  and  having 
him  cut  for  you  some  heavy  Manila  paper  in 
sheets  about  9  inches  wide  by  12  inches 
long — say  500  or  1,000  aheete— and  using 
these  to  paste  the  scraps  on.  The  pasting 
can  be  done  when  the  scraps  are  cut  out,  or 
at  any  timethat  maybeconvenient.  Every 
sheet  should  have  pasted  on  it  a  narrow 
strip,  about  \  inch  or  less  in  width,  along 
the  inside  edge.  Thie  strip  may  be  obtained 
when  the  sheets  are  cut.  It  will  make 
up  for  the  increased  thickness  caused  by 
pasting  on  the  scraps. 

When  a  sufficient  number  of  these  sheets 
have  accumulated,  they  may  be-  sorted, 
arranged,  and  numbered,  and  then  placed 
in  a  Shipman  binder  (see  Fig.  3).  If  care 
be  taken  to  punch  the  holes  for  the  wires  so 
that  they  will  be  in  the  same  relative  posi- 
tion on  each  sheet,  the  result  will  be  a  very 
neat  looking  scrapbook,  and  one  from  which 
any  sheet  may  be  removed  with  very  little 
trouble.  In  case  it  is  necessary  to  read  both 
sides  of  a  scrap,  a  cheap  quality  of  tracing 
paper  (not  tracing  cloth),  such  as  is  used 
by  draftsmen,  may  be  bought  of  any  dealer 


in  draftsmen's  materials,  and  cut  into  sheets 
of  the  size  desired,  the  scraps  being  pasted 
on  these  instead  of  on  Manila  sheets. 

To  punch  the  holes  in  the  sbeeta  properly, 
a  tool  (which  will  be  found  very  useful  for 
many  other  purposes)  like  that  shown  in 
Fig.  4  may  be  used.  This  may  be  obtained 
from  any  hardware  dealer,  or  from  the 
maker,  L,  S.  Starrett,  Athol,  Mass.  A  small 
wooden  box  should  then  be  obtained,  turned 
bottom  side  up,  and  two  lines  ab  and  ae, 
Fig.  5,  drawn  on  it,  at  right  angles  to  each 
Other.  Place  a  sheet  on  the  binder,  which 
should  be  opened  so  that  the  wires  stand 
straight  up,  and  so  that  the  sheet  will  lie 
wires  and  in  its  proper 
the  ends  of  the  binder, 
1  the  paper  opposite  the 
I.  •  Now  lay  the  paper  on 
long  edge  will  lie  aloi^ 
the  line  a  b  and  the  short  edge  along  a  c,  and 
draw  short  lines  e,  e  apposit«  the  marks  on 
the  sheet  of  paper.  Finally,  draw  the  line 
fg  parallel  to  ab,  about  t  inch  from  it;  at 
the  points  where/^  crosses  the  lines  f,e,  and 
with  the  tool  shown  in  Fig.  4,  or  an  awl. 


alongside  of  the  * 
position  relative  tc 
and  place  marks  o 
centers  of  the  wire 
the  box  so  that  the 
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work  Lolea  d,  d  in  the  box.  Since  the  lines 
fg,  e,  and  e  extend  beyond  the  edges  of  the 
paper,  they  may  be  used  as  guide  lines. 
Hence,  to  punch  the  holes  in  the  sbeetB  for 
the  wires,  place  the  sheet  or  sheets  on  the 


box,  as  above  described,  face  upward;  place 
the  tool  or  awl  on  the  tine/ff  opposite  one 
of  the  lines  e,  and  punch;  repeat  for  the 
other  hole. 

The  Hhifmiaii  binder  can  be  had  in  any 
desired  size.  Any  sheet  can  be  readily 
taken  out  and  replaced,  and  the  resulting 
book  (when  the  binder  is  filled)  will  pre- 
sent a  very  neat  appearance.  The  writer 
has  used  many  of  these  binders,  and  is 
aware  of  only  one  mechanical  defect;  when 
the  wires  are  etraight«ned  out,  %fter  being 
bent,  a  kink  is  left  in  them;  he  got  rid 
of  the  kinks  by  xieiag  pincers  like  thoee 
shown  In  Fig.  6,  the  jaws  of  which  are  always 
parallel.  These  pincers  may  be  obtained  at 
any  hardware  store,  andmay  be  used  for  many 
purposes  that  ordinary  pincers  are  unsnited 
for.  There  is  still  another  alight  objection  to 
these  binders  for  scrapbook  purposes:  if  the 
sheets  are  to  be  removed  and  replaced  fre- 
quently, considerable  time  will  be  consumed 
and  the  holes  will  gradually  enlace.  When 
the  holes  become  too  large,  the  strip  that 
was  pasted  on  each  sheet  may  be  soaked  ofi 
and  a  new  one  pasted  on. 

A  better  arrangement,  so  far  as  ease  of 
removal  ie  concerned,  is  the  Klip  binder, 
made  by  H.  H.  BallanJ,  Pittsfield,  Mass. 
Pig.  7  shows  the  klip  and  how  it  is  used. 
No  holes  need  be  punched  when  using  the 
binders.  The  klips  are  hardened  steel 
springs,  and  hold  the  leaves  by  their  tend- 
ency to  close;  they  have  a  small  hole  on 
either  side,  into  which  short  levers  are 
inserted.  The  jaws  of  the  klip  are  forced 
open  by  squeezing  these  levers  t(^ther,  as 
shown  in  the  cut,  until  sufficiently  far  apart 
to  enable  the  klip  to  be  shoved  over  the 
binder;    the    levera    (called    kej/K    by    the 


maker)  are  then  taken  out.  The  klips  may 
be  used  with  or  without  the  binder;  in 
either  case,  they  will  hold  the  sheets  very 
firmly — so  firmly  that,  unless  the  klips  are 
taken  oft,  the  sheets  cannot  be  removed 
without  tearing. 

cinnNO  OUT  the  bchaps. 

This  is  a  detail  that  is  often  neglected. 
Nothing  detracts  more  from  the  appearance 
of  a  book  than  the  sight  of  uneven  e^es  on 
the  scraps.  There  is  far  more  time  spent  in 
cutting  out  the  scrape  than  one  who  has  not 
noticed  this  would  imagine.  Sheara  are 
probably  the  greatest  time  wasters  in  this 
respect;  they  also  produce  the  most  uneven 
edges,  unless  one  is  an  expert  in  their  use- 
When  using  the  shears,  moat  people  look  at 
the  point  where  the  shears  are  cutting.  If 
it  is  desired  to  cut  a  straight  Une,  this  is  all 
wrong—look  at  the  ends  of  the  shears;  keep 
the  ends  to  the  line,  and  the  result  will  be 
as  even  an  edge  as  can  be  hoped  tor.  The 
greatest  amount  of  speed  can  also  be  ob- 
tained by  using  the  shears  in  this  manner. 

More  satisfactory  results,  and  greater 
speed,  may  be  obtained  by  using  a  sharp 
knife  and  laying  the  paper  to  be  cat  on  a 
straight-grained  piece  of  pine,  so  that  the 
knife  will  follow  the  grain  when  cutting. 
The  chief  objection  to  this  method  is  that 
the  knife  must  be  sharp,  and  when  used  to 
cut  paper,  it  dulls  very  quickly.  Another 
objection  is  the  necessity  of  using  a  board 
or  wooden  top  of  a  table  to  cut  on. 

The  best  results  are  obtained  by  using  the 
ordinary  tin  paper  cutter.  As  these  cutters 
are  nearly  always  too  short  to  do  rapid 
work,  the  writer  had  one  made  for  him  out 
of  a  piece  of  thin  sheet  iron  (see  Fig.  B\. 
He  got  a  friend,  who  was  a  machinist,  tocul 
it  out  for  him  and  file  the  edges  straight. 
The  straight-edge  part  was  made  about  15  or 
16  inches  long  and  about  2  inches  wide. 
With  a  cutter  of  this  kind  and  a  smooth,  Sat 
surface  to  work  on',  the  scraps  can  be  cutout 
very  quickly  and   accurately.     A    yielding 


surface,  such  as  is  afforded  by  oilcloth  or 
baize,  is  better  than  wood  or  stone,  because 
it  permits  better  contact  between  the  paper 
and  the  cutter.  Any  smooth,  flat  surface 
will  produce  good  results,  however. 
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It  requiree  a  certain  amount  of  practice  to 
be  able  to  use  the  cutter  effectively  and  rap- 
idly, but  when  the  knack  ia  once  acquired, 
it  will  be  found  very  uaeEul.  Two  hints  wil) 
suffice:  be  sure  that  there  ia  good  contact 
between  the  cutter  and  the  paper,  and 
between  the  paper  and  the  surface  it  lies 
on;  hold  the  free  end  that  you  are  pull- 
ing in  such  a  manner  that  the  paper  will 
produce  the  sharpest,  clearest  tearing  sound 
when  it  is  being  cut.  Practice  holding 
the  cutter  with  either  hand;  it  will  be 
found  useful. 

When  an  article  to  he  preserved  occupies 
more  than  one  column  of  a  paper,  and  there 


no.T. 

are  no  cuts  to  illustrate  it  that  it  is  desired 
to  retain,  it  is  beat  to  cut  the  scrap  into 
single  columns  at  once,  and  pin  the  pieces 
leather.  There  will  then  be  no  delays 
when  pasting. 


z:3 


The  question  of  what  kind  of  adhesive 
material  to  use  is  one  to  which  the  writer 
has  given  considerable  attention,  and  it  is 
one  that  has  caused  him  considerable 
trouble.  So  far  as  its  adhesive  properties 
are  concerned,  common  flour  paste  is  aa 
good  as  anything,  when  well  made.  There 
are  two  decided  objections  to  its  use:  one 
is  that  it  sours  very  quickly;  hence,  it  can- 
not be  used,  escept  when  a  large  number 
of  scraps  are  to  be  pasted;  the  second  is 
that  the  hands,  and  whatever  the  scrap  rests 
on,  get  covered  with  the  paste,  and  the  result 
is  very  disagreeable.  The  ordinary  mucilage 
thftt  is  sold  in  bottles — auch  aa  Carter's  or 
Sanford's  —  works  well,  but  is  somewhat 
expensive.    Pure  gum  arabic,  dissolved  in 


water  to  the  proper  consistency,  is  excellent 
and  wilt  keep  indefinitely,  but  is  also  some- 
what expensive.  The  best  cheap  material 
is  dextrine;  this  is  readily  dissolved  in  either 
hot  or  cold  water,  and  does  not  have  to  be 

cooked.     The 

white  variety  is     | 

to  be  preferred  to 
the  yellow,  on 
account  of  the  color.  It  can  be  obtained  at 
any  drug  store,  and  ten  cents  worth  will  last 
a  long  time.  The  writer  has  seen  this  keep 
without  souring  almost  indefinitely,  but  has 
not  been  able  to  do  it  hiraeelt.  Probably  a 
few  drops  of  oil  of  cloves  or  of  carbolic  acid 
would  prevent  it  from  souring.  This,  how- 
ever, is  a  minor  objection,  because  it  is  so 
easily  made.  It  requires  about  twenty-Four 
houra  to  dissolve.  Library  paste  will  keep  a 
very  long  time  before  drying  up;  it  also 
adheres  well,  but  it  takes  too  long  to  apply  it. 
What  is  wanted  is  a  fluid  that  will  flow  read- 
ily, adhere  well,  keep  from  souring,  and  be 
cheap.  The  first  three  conditions  are  ful- 
filled admirably  by  taurine  mucilage,  made 
by  Chae.  M.  Higgins  &  Co.,  168  Eighth  St., 
Brooklyn,  K.Y.     It  is  not  cheap,  however. 

Comparatively  tew  people  know  how  to 
apply  the  adhesive  properly.      It  is    not 
necessary  or  desirable  that  the  entire  surface 
of  the  scrap  should  be  covered.     All  that  is 
required  is  a  narrow  strip  of  the  adhesive — 
about  i  or  J  inch  wide,  aa  preferred — run- 
ning lengthwise  of  the  scrap  and  close  to 
the  edges.     If  a  brush  is  used  to  apply  it,  a 
camel's-hair  brush  will  give  the  best  results. 
The  brush  should 
be  cleaned  each 
time  that   it  is 
used,     A    better 
way  of   applying 
the  adhesive  is  to 

bottle  such  as  is 
shown  in  Fig.  9. 
This  bottle  has 
a  metat  roller,  on 
which  the  muci- 
lage flowa,  and 


remove  the  cap 

{which  prevents  p^,.  g 

the  mucilage 

from   drying   up),  touch   the   roller  to  the 

paper,  and  draw  the    bottle    downwards. 

There  is  another  bottle  similar  to  this,  but 

having  a  rubber  roller  instead  of  a  metal 
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one.    This  one  soon  becomes  clogged,  unless 
used  frequently. 

THE  INDEX. 

If  the  Bcrapbook  is  made  up  of  single  sheets 
placed  in  a  binder,  as  before  described,  so 
that  similar  subjects  will  come  together,  an 
index  may  not  be  considered  necessary,  but 
is  nevertheless  desirable.  If  the  scraps  are 
pasted  in  without  regard  to  any  particular 


arrangement,  an  index  becomes  almost  a 
necessity.  The  best  plan  is  to  use  a  card 
index,  and  index  each  article  as  soon  as  it 
has  been  pasted  i  n  the  book.  One  of  the  chief 
advantages  of  the  card  index  is  that  the  scrap 
can  be  indexed  as  soon  as  pasted  and  there  is 
plenty  of  space  to  record  the  title  and  any- 
thing desired,  such  as  the  name  and  date  of 
the  paper  from  which  the  article  was  taken. 


THE  ART  OF  JOINT  WIPING  * 


Tho8.  N.  Thomson. 


How  TO  Pour  on  the  Solder  Without  Burning  a  Hole  in  the  Pipe — Keeping  Up  the 

Metal — Simple  Method  of  Wiping. 


THE  male  and  female  ends  being  now 
prepared  and  ready  for  joining,  our 
plumber  lays  four  bricks  in  line,  apart, 
on  edge,  and  crosswise  to  the  line.  The  two 
pieces  of  pipe  are  laid  in  a  straight  line  on 
these  bricks  in  such  a  way  that  each  piece  is 
supported  by  two  bricks,  which,  of  course, 
brings  the  joint  somewhere  about  midway 
between  the  two  inner  bricks,  as  shown  by 
the  illustrations.  The  object  of  placing  the 
bricks  on  edge  is  to  allow  a  space  of  4  inches 
under  the  joint,  which  is  plenty  of  room  for 
a  plumber's  hand.  If  the  bricks  were  laid 
flat,  there  would  be  a  space  of  2  inches  only 
under  the  joint;  and  this,  you  know,  is 
scarcely  lai^ge  enough  for  a  child's  hand. 
Common  bricks  are  8  in.  X  4  in.  X  2  in.,  and 
a  plumber  takes  as  natundly  to  bricks  on 
edige  as  a  duck  takes  to  water. 

After  the  pipes  are  'Mined  up"  true,  and 
the  cleaned  ends  are  pressed  together  so 
tightly  that  they  form  an  almost  water-tight 
connection  without  solder,  the  plumber 
immediately  fixes  the  joint.  This  is  his  own 
language;  it  means  that  he  fixes  the  parts 
to  be  joined  so  that  they  will  not  move  while 
he  is  wiping  the  joint. 

Now,  plumbers  are  like  other  sensible 
people;  they  have  lots  of  difierent  ways  of 

•  This  is  the  second  section  of  *'The  Art  of  Joint 
Wiping. ' '  The  first  was  published  in  theOctober,  1899, 
issue  of  "The  Building  Trades  Magazine/'  which 
now  constitutes  a  part  of  Science  and  Industry. 
The  first  section  of  this  article  treats  on  the  prepara- 
tion of  a  wiped  joint  by  progressive  stages,  from  the 
unrolling  of  the  lead-pipe  coil  to  the  shaving  and 
greasing  of  the  parts  to  be  joined;  it  covers  4|  pages, 
and  is  illustrated  by  five  photographs  of  a  plumber 
actually  doing  the  work  in  a  plumber's  shop.  Sub- 
scribers to  Science  and  Industry  can  get  a  copy  of 
••The  Building  Trades  Magazine"  for  October  by 
immediately  applying  to  the  publishers  of  Science 
AND  Industry,  enclosing  10  cents.  The  stock  of  sur- 
plus magazines  is  very  limited  indeed,  and  those 
wishing  them  should  apply  at  once.— Ed. 


accomplishing  certain  ends.  Sometimes  they 
load  down  the   parts   to   be  joined  with 
bricks,  sometunes   with   monkeywrenches, 
Stillson  wrenches,  hammers,  or  even  heavy 
goblets  and  buckwheat  griddles,  which  all 
depends  on  where  the  plumber  is  working. 
All  he  wants  for  the  time  being  is  to  put 
enough  weight  on  the  pieces  of  pipe  to  be 
joined  to  keep  them  steady  while   he  is 
making  the  joint.    And  one  thing  is  certain, 
every  time:  he  gets  his  load  from  somewhere. 
Many  bare-faced  plumbers — sometimes  called 
**smartiee,''  but  more  appropriately  termed 
*'half-and-halfs,''  for  their  composition,  if 
analyzed,  is  found  to  be  half  apprentice,  half 
journeyman — ^try  hard  to  make  a  gigantic 
show  of  their  joint- wiping  prowess,  but  their 
foolish  failures  furnish  more  mirth  to  the 
staid   journeyman    than   a   circus    clown. 
Their  joints  will  tumble  dovm  on  them  just 
as  they  are  about  to  shout  Excelsior !  and 
then  they  swear  and  spend  an  hour  or  two 
more  undoing  the  damage  they  have  done, 
and  making  a  new  trial.     *  *  Half-and  -halfe, ' ' 
as  a  rule,  are  good  only  for  threading  iron 
pipe  and  aggravating  strikes.     Ovmers  of 
buildings  pay  handsomely  for  their  experi- 
ence.    But  why  devote  any  more  space  to 
them? 

Experienced  plumbers  always  fix  their 
joints  perfectly  rigid,  and  when  they  are 
wiped  they  never  leak.  The  fixing  oar 
plumber  did  for  the  joint  shown  was  of  two 
kinds,  purposely  done  for  illustration.  After 
he  underpinned  the  bricks  with  slivers  of 
wood,  to  prevent  them  rocking,  he  weighted 
the  pipe  next  to  his  gasoline  fire-pot  with 
a  piece  of  old  lead  water  pipe  weighing 
about  8  pounds,  and  an  old  lead  pot  piece  of 
about  the  same  weight.    These  made  a  load 
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of  sbout  16  poandB,  which  a  qnite  aafficient 
to  hold  thftt  pipe  ateody,  provided  it  ia  kept 
from  rolling  on  the  bricka  by  a  rasp  or  file 
we^ied  in  at  each  Bide.    The  other  pipe, 
howerer,  he  steadied  by  pouring  two  tnuida 
of  Bolder  over  it  in  such  a  manner  that  the 
abutmenta  of  these  two  little  bridgee  might 
bear  upon  the  two 
biicke  at  the  left,  aa 
shown.      This   ia   a 
quick,  lasy,   ineffi- 
deiit  plan  of  fixing, 
which  nearly  always 
injures   the    pipe 
when  the  bands  are 
removed. 

Now  the  pipe  ia 
fixed.  The  plumber 
tries  to  ahake  it,  but 
it  doee  not  move,  so 
he  lays  an  old  news- 
paper nnder  the 
joint,  warms  his 
wiping  cloth  by  the 
fire,  and  stirs  up  the 
molten  solder  with 

his  ladle,  just  to  fib.  i.— poui 

"feel  the  heat  and  onwi »•  s^vw J«i-> 

see  how  it  looks." 

The  solder  pot  was  put  on  the  fire  about 
three  minutes  before  he  commenced  to  fix 
the  joint    Knowing  the  neceeaity  for  havit^ 
good  solder,   and 
knowing  the  trouble 
that  would  undoubt- 
edly   follow    should 
the  metal  be  foul  or 


OUT  friend  stirs  the 
molten  maaa  untU  all 
the  lead  and  the  tin, 
of  which  the  solder 
is  entirely  composed, 
■re  so  thoroughly 
intermixed  as  to 
form  a  uniform  com- 
position throughoat 
the  entire  depth  of 
the  pot.  He  then 
pours  a  little  of  this 
solder  on   a  brick 

having  a    smooth,  Fio.  2.-0ErTmo 

level  surface,   pro-        mtAaim<siioTiKtii<,cimni, 
dncing  a  disk  of 

molten  solder  about  the  size  of  a  silver 
dollar,  which  shines  like  mercury  until  it 
b^ins  to  set,  when  it  assumes  a  whitish, 
Bteel-gray,  or  some  other  indescribable  color 
that  yoo  have  got  to  see  before  yon  can 


realize.     But  on  the  surface  and  sorrounded 
by  this  color  are  some  four  or  five  small 
aUver-like  spots  about  i  inch  in  diameter. 
"These  are  the  tin  spots,"  says  our  friend, 
"and  they  give  us  a  pretty  fkir  idea  of  the 
quality  of  the  metal.    This  solder  is  0.  K.," 
hecontinnee.     "lam  sure  we  will  get  a  nice 
joint."    If  the  pro- 
portion of  lead  and 
lin  were   not  "just 
right,"  his  little  try 
piece  would  have  a 
different  appearance 
entirely.    If  it  were 
too  /ill*— that  is   to 
say,  if  there  were  an 
excess  of  block  tin 
in  the   metal — the 
surface  of  the  try 
piece  would  have 
more  tin  spots  and 
perhaps  also  a  silver- 
like ring  all  around 
the  edge.    Or,  if  the 
metal  were  too  coofte, 
there  would  be  a 
lack  of  tin  spots,  and 
.wiiAUiain'iiUJror^  perhaps  a  chalky- 

looking  snr&ce. 
Everythiim  being  ready  now  and  the 
wiping  cloth  warm,  our  bold  fHend  com- 
mences to  pWT  on  the  tdder,  using  the  ladle 
and  wiping  cloth,  as 
ahown  in  Fig.  1. 
Lead  melts  at  about 
600°  Fahrenheit,  and 
the  solder  in  bis 
ladle  is  probably 
about  800°  F.,  BO  yon 
see  he  mutt  be  very 
careful  or  he  will 
most  innocently  melt 
a  hole  through  the 
pipe  and  fill  the  bore 
with  solder.  But  our 
friend  knows  all 
these  little  things, 
for  his  days  of  "solid 
joints  "  are  over,  and 
that  is  the  reason  be 
moves  his  ladle  to 
Up  the  Heat,  and    fro    along    the 

nfDndSFinrca  TVAfJonl.  pipe  aS    he     stowly 

pours  the  hot  metal 
on  the  soiling  as  well  as  on  the  cleaning. 
In  this  way  he  does  not  pour  twice  on  the 
same  spot  before  the  heat  in  that  apot  is 
absorbed  by  the  pipe.  Amateur  plumbers, 
tinsmiths,  blacksmiths,  and  other  dabblers 
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in  water  pipes  are  thoroughly  noted  for  burn- 
ing holes  and  making  eolid  joints,  and  they 
seldom  know  their  fault  until  the  nater  is 
turned  on  and  will  not  come. 
Aa  the  plumber  continues  to  pour  on  top, 


some  surplus  metal  runs  down  over  the  ddes 
and  &tls  on  the  newspaper,  which  keeps  it 
from  contact  with  the  dirtj  bench.  But 
you  vill  notice  in  Fig.  1  that  bis  left  hand 
holds  the  wiping  cloth  under  the  joint.  This 
catches  some  falling  eolder,  which  he  occa- 
sionally pushes  up  against  the  nnder  side  of 
the  joint  to  warm  it.  Of  course  the  plumber 
knows  enough  to  hollow  his  cloth  and  make 
it  like  a  saucer,  so  that  the  molten  metal 
will  stay  there;  but  the  amateur  cannot 
appreciate  this  kink  until  the  melted  metal 
runs  into  the  palm  of  his  hand  and  out 
between  his  fingers  like  so  much  beautiful 
quicksilver.  The  size  of  cloth  common!]' 
used  is  about  2^  to  3  inches  square.  If  made 
of  moleskin  cloth  it  should  he  6  or  8  ply 
thick,  but  if  made  of  good  bedticking  it 
should  be  from  12  to  16  ply,  for  ticking  is 
about  one-half  as  thick  as  moleskin. 

There  are  two  prime  objects  aimed  at  In 
pouring  metal  on  a  joint;  one  is  to  properly 
heat  the  joint,  and  thus  thoroughly  tin  all 
the  cleaned  surface  before  beginning  to 
wipefoi  a  finish;  and  the  other  is  to  have 
enough  metal  on  to  properly  form  and  finish 
with.  The  plumber,  therefore,  is  compelled 
to  lift  up  the  surplus  metal  periodically 
and  place  it  on  the  top,  as  shown  in  Fig.  2; 
otherwise,  the  top  would  soon  be  bare 
and  overheated,  while  the  bottom  would 
be  overloaded  with  cold  solder.  This  action, 
yon  will  observe,  rubs  the   plastic   metal 


maiuat  the  cleaned  sur&cee  and  tins  than, 
besides  producing  a  nearly  uniform  temper- 
ature all  over  the  joint. 

When  enough  heat  has  been  applied  to 
cause  the  solder  to  slide  down  and  t«nd  to 
fall  off  the  joint  in  spite  of  the  opemtfn-,  and 
when  there  is  more  than  enough  metal  to 
fhrm  the  joint,  the  plumber  immediately 
lays  down  the  ladle  and  commences  to  shape 
the  joint  with  his  cloth.  He  must  move  his 
hand  quickly,  for  the  metal  slides  down 
rapidly  and  will  not  wut  for  bim.  He  must 
work  it  up,  and  at  the  same  tune  find  the 
edges  of  the  cleaning  and  form  a  rough  out- 
line of  the  joint.  He  must  knock  off  all 
solder  that  has  set  on  or  near  the  wiping,  so 
ihat  it  will  not  interrupt  his  movements. 
He  must  guard  against  the  metal  falling  off 
the  bottoih  while  he  is  working  at  the  top- 
In  fact,  be  must  look  out  for  a  dozen  or  more 
things  at  the  same  time,  which  are  all  liable 
to  happen  during  the  few  seconds  he  has  to 
wipe  the  joint  aflet  he  lays  down  the  heat- 
giving  ladle.  Then,  when  everything  is 
"just  BO,"  he  curves  the  doth  bo  quickly 
that  you  cannot  see  the  action,  and  with 
almost  lightning  speed  he  swings  it  around 
the  joint— fim  one  way,  then  the  other,  as 
shown  in  Fig.  3.  Before  you  can  realise 
that  the  joint  is  now  formed,  he  dr&ws  his 
cloth  neAtlj  over  the  top,  as  shown  in  F^.  4, 
to  remove  any  mark  left  by  the  swing,  if 
any  such  there  might  be.     With  a  sharp 


twitch  of  the  cloth  all  eurplus  material  ia 
whisked  neatly  ofi",  and  the  joint  is  finished. 
But  this  is  not  all,  for  if  he  left  it  alone  now 
to  cool  ofi  slowly,  the  tin,  whose  tempenitare 
of  fusion  is  much  lower  than  that  of  the 
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other  coiutituent  of  the  alloy,  would  per-  his  eyes  blind  with  atone  dust;  the  atone- 

colate  down  through  ihe  joint  &nd  fall  off  cutter  woold  htve  the  engine  bo  th&t  no  part 

the  bottom  in  measured  drops,  leaving  a  woald  move  when  the  steam  waa  torned  on, 

GOarae,  chalk -like  porous  joint  with  a  deep  and  there  would  be  enough  wheels  left  over 

bole  in  the  bottom  and  a  long  sharp-pointed  to  build  another  one;  the  machinist  would 

"teat"  hanging  from  the  ude  of  it  like  a  be  in  the  hospital  ambulance  within  eight 

miniature  idcle.    The  hole  in  the  bottom  houre— a  case  of  complete  eihaostion  due  to 


will  be  a  leak,  and  the  teat  is  a  warning. 
Time  ia  yet  an    important  factor,  so  our 
plumber   instantly    drops   the  cloth    after 
making  the  croee-d»w  shown  in  Fig.  4, 
seizes  a  bit  of  an  old  looking-glass,  holds  it 
tinder  the  joint  to  see  bow  it  looks  on  the 
bottom,  at  the  same  time  partly  filling  his 
month  with  water  from  a  tin  cup  that  is 
handy,  he  blowB  a  strong  fine  spray  all  over 
the  joint  before  a  single  drop  bos  bad  time 
to  form  at  tbe  bottom.    This  spray  rapidly 
chills  the  joint  and  instantly  solidifies  its 
outer  aurfsce.     The 
joint  ia  now  wiped, 
but   it   must    be 
allowed  to  cool  for  a 
few  minutes  before 
disturbing  it;  other- 
wise it  may  crack  or 
break  apart,  and  the 
whole    operation 
would  have   to  be 
repeated. 

]  think  I  hear  some 
of  onr  readers  say, 
■•Humph!  Joint 
wiping  is  as  easy  as 
falling  off  a  log." 
So  it  is;  you  are  cor- 
rect. It  is  just  as 
easy  to  some  people; 
but  Ih^  know  how. 

Every    intelligent  nwin-da-dft™,* 

mechanic   knows 

that  there  is  art  in  nearly  everything  hedoes. 
The  carpenter  has  the  art  of  pushing  a  plane 
so  as  to  make  a  smooth,  clean  surface  or  a 
Straight  edge  on  a  piece  of  timber;  the  stone- 
cutter bos  the  art  of  accomplishing  the  some 
results  in  stone  with  maul  and  chisel.    The 

machinist  can  build  engines  so  tliat  they      are   always  very  accommodating  i 
will  run  noiselessly  and  without  overheat-      cases,  so  the  bookkeeper  had  the  ladle  and 
ing;  tbe  laborer  has  the  art  of  swingii^;  a      cloth   pushed   into   bis   thin  bony  bands 
pick  and  working  a  shovel  all  day  long  with- 
out killing  himself.    All  these  arts  appear 
quite  easy— but  try  them.    Let  the  carpen- 
ter start  in  to  hew  stone,  the  stonecutter  to 
build  engines,  the  machinist  to  put  in  a  few 
days  with   the   pick    and    shovel,  or   the 
laborer  to  make  window  aashee,  and  see 
where  they  wilt  all  wind  up.    The  carpenter 
would  soon  find  his  arm  aching  terribly  and 


expenditure  of  five  or  six  times  as  much 
energy  as  was  really  required  to  drop  the 
pick  or  turn  the  shovel;  and  the  laborer, 
whistling  his  wild  airs,  would  spoil  alt  the 
wood  in  the  shop  making  hen  ladders  from 
detail  drawings  of  window  sssbes.  Neither 
man  has  the  art  of  doing  the  other  man's 
work — but  he  can  do  his  own  to  perfection. 
Yet  fools  say,  "there  is  no  art  in  labor." 
Let  them  twaddle. 

This  reminds  the  author  of  one  particular 
fool,  who  met  bis  "  Waterloo  "  in  a  plomber' B 
shop.  One  of  tbe 
journeymen  bad 
been  working  at  the 
bench  all  forenoon 
wiping  a  large  num- 
ber of  faucets  on 
|-tncb  lead  pipe  for 
a  job.  The  book- 
was  popping  in  and 
outall  tbe  time,  with 
spectacles  over  his 
hooked  nose,  just 
like  ordinary  book- 
keeper. After  the 
plumber  had  wiped 
a  number  of  joints, 
and  the  bookkeeper 
bad  taken  them  all 
in,  over  his  glasses, 
ujof.  with  tx"'  And  then 

a  little  jargon  about 
tbe  "ease  of  joint  wiping,"  and  when 
the  plumber  was  just  beginning  to  "ponr 
on"  for  another  joint  the  conceited  book- 
keeper had  inflated  himself  to  such  a  pitch 
as  to  state  that  "  the  thing  was  dead  easy," 
and  wanted  to  try  it.    Of  course,  plumbers 


before  he  could  summon  enough  s 
retire,  while,  worst  of  all,  the  boys  in  the 
shop  crowded  around  to  see  the  fiin,  the 
writer  Ijeing  one  of  them.  The  bookkeeper 
knew  his  reputation  was  at  stake  now,  and 
determined  to  uphold  it  to  the  bitter  end. 
Ue  stretched  out  his  legs  to  an  angle  of 
about  15°,  Napoleonic  fasliion,  planted  his 
feet  as  firmly  on  tbe  floor  as  any  llS-pound 
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bookkeeper  can,  and  tried  to  keep  his  knees 
from  knocking  together.  The  solder  was 
quite  hot— just  on  the  verge  of  being  red. 
The  handle  of  the  ladle,  although  cool  to  the 
plumber,  felt  hot  to  the  bookkeeper.  And 
the  wiping  doth,  although  large  enough  for 
the  plumbers'  big  broad  hand,  felt  altogether 
too  small  for  the  little  bookkeeper.  But  he 
was  brave,  for  his  weight,  and  the  reputa- 
tion of  the  front  office  ui^ged  him  on.  He 
had  seen  the  plumber  manipulate  the  ladle 
and  cloth  repeatedly,  and  he  tried  hard  to 
imitate  the  movements.  He  held  his  left 
hand  under  the  joint,  with  his  fingers 
crowded  together  as  dose  as  his  soft  sinews 
could  pull  them.  He  dipped  up  about  half 
a  ladle  of  molten  solder  and  held  it  threat- 
eningly over  the  joint,  all  the  time  trying 
hard  to  assume  a  nonchalant  attitude  like 
that  of  our  friend  in  Fig.  1.  He  knew  the 
plumber  poured  slowly  and  steadily,  and  he 
tried  to  do  the  same,  but  it  seemed  as  if 
the  solder  would  not  run  out  of  the  ladle. 
He  slowly  tipped  the  ladle  more  and  more, 
just  like  a  patient  mother  pouring  out  five 
drops  -of  paregoric  for  her  little  boy  with  the 
'*  cramps,''  expecting  all  the  while  that  the 
liquid  was  just  about  to  drop.  But  it  hesitated 
and  dung  together  with  fearful  tenadty, 
until  a  point  was  reached  where  the  force 
of  gravity  became  more  powerful  than  the 
attraction  of  cohesion,  when  the  molten 
metal  came  out  with  a  rush,  flowing  on  the 
shaved  part  of  the  pipe  in  a  steady  stream. 


The  bookkeeper  was  so  astonished  that  he 
did  not  think,  until  a  hole  was  burned 
through  the  pipe,  to  move  the  ladle  to  and 
fro.  Then,  of  course,  he  blamed  the  solder  for 
being  too  hot.  However,  he  was  game,  for 
he  asked  another  trial.  It  is  needless  to  say 
that  he  got  it.  **I'll  have  to  make  a  new 
one  now,  anyhow,"  says  the  plumber,  **bo 
you  can  go  ahead  and  try  your  hand  again." 
He  did.  When  he  had  about  half  a  pound 
of  solder  on  the  joint  he  began  to  lift  it  up  on 
the  side  nearest  him,  just  like  our  plumber 
in  Fig.  2,  and  push  it  up  on  the  further  side; 
but  as  he  tried  the  latter  move,  the  solder  on 
the  top  slid  down  over  the  side  and  into  the 
palm  of  his  hand.  Then  there  was  a  scene. 
He  instantly  dropped  his  hand  and  the  back 
of  it  came  in  contact  with  the  plastic  solder 
lying  on  the  newspaper.  This  made  matters 
worse.  He  dropped  the  ladle  of  solder  on 
the  floor,  making  us  all  jump,  and  pulled  his 
wounded  hand  from  under  the  joint  with 
solder  sticking  even  under  his  nails.  We 
never  knew  how  much  pain  the  poor  fel- 
low suffered,  for  pain  cannot  be  measured. 
Suffice  it  to  say  that  he  could  not  use  that 
hand  for  at  least  two  weeks. 

Now,  dear  reader,  if  this  little  reminis- 
cence frightens  you,  I  would  advise  you 
not  to  try  to  learn  how  to  wipe  a  joint. 
But  if  you  are  willing  to  take  the  necessary 
consequences  without  a  murmur,  then  I 
would  say:  go  ahead;  try  it.  There  is  hope 
for  you  if  you  stick  to  it  long  enough. 


THE   END. 


PROFESSOR   BUNSEN. 


ON  WEDNESDAY  morning,  August  16, 
Prof.  R.  W.  Bunsen,  the  celebrated 
chemist,  breathed  his  last  at  his  resi- 
dence in  Heidelberg,  in  the  eighty-eighth 
year  of  his  age.  Bunsen' s  whole  life  was 
devoted  to  science,  without  any  thought  of 
making  profit  of  his  discoveries.  He  pos- 
sessed a  rare  combination  of  mental  sagacity 
and  experimental  skill,  and  his  work  is  dis- 
tinguished at  once  for  its  originality  and  for 
its  exceeding  accuracy.  His  discoveries  in 
purely  chemical  science  are  second  to  those 
of  no  chemist  of  the  century.  To  the  investi- 
gations of  those  questions  that  lie  on  the 
border  land  between  physics  and  chemistry 
he  brought  a  depth  of  thought  and  a  manipu- 
lative dexterity  that  have  seldom  been 
equaled.  Though  Bunsen  was  always  a 
scieiitiBt,  pure  and  simple,  and  steadily  re- 


fused to  be  drawn  aside  from  the  pursuit  of 
pure  sdence,  yet  he  made  many  discoveries 
of  the  highest  practical  importance,  which 
have  made  his  name  familiar  to  many  that 
are  incapable  of  appreciating  the  delicacy  of 
his  chemical  analytical  methods.  Bunsen's 
ice  calorimeter,  the  Bunsen  burner,  and  the 
Bunsen  battery  are  inventions  of  such  uni- 
versal utility  that  they  have  made  his  name 
a  household  word.  Prof.  Bunsen's  work  as 
a  teacher  was,  perhaps,  of  greater  importance 
even  than  his  original  research;  he  inspired 
his  pupils  with  unbounded  enthusiasm,  and 
won  their  highest  admiration.  Not  only  in 
Germany,  but  throughout  the  world,  he  la 
held  in  afiectionate  remembrance  by  many 
who  have  had  the  privilege  of  stud3ring  under 
him  and  have  enjoyed  the  friendship  of  this 
great  and  good  man. 


CONNECTIONS   FOR  CONTINUOUS-CURRENT 

MOTORS. 


R.  B.  Williamson. 

Similarity  Between  Dynamos  and  Motors — Differences  as  Rbqards  Operation — Con- 
nections FOR  Shunt  and  Series  Motors— Use  of  Starting  Boxes. 


THE  continaoas-ciirrent  motor,  as  fiar  as 
construction  is  concerned,  is  almost 
exactly  the  same  as  the  continuous- 
corrent  dynamo.  This  is  particularly  true  in 
regard  to  motors  used  for  indoor  work,  or, 
in  other  words,  used  in  locations  where  a 
dynamo  could  ordinarily  be  operated.  Motors 
have  come  into  use  for  so  many  purposes, 
however,  that  it  has  been  necessary  to  bring 
out  a  number  of  types  of  machines  that 
differ  considerably,  as  regards  mechanical 
construction,  from  the  ordinary  dynamo.  A 
good  example  of  this  is  the  ordinary  street- 
railway  motor;  electrically,  it  possesses  the 
same  essential  parts  as  a  dynamo,  yet  one 
would  hardly  recognize  it  as 
such.  Motors  used  for  outdoor 
work,  or  those  that  are  exposed 
to  flying  particles  of  any  kind, 
must  be  enclosed  as  much  as 
possible;  this  leads  to  the  iron- 
clad type,  so  called  because  the 
field-magnet  frame  is  made  to 
surround  the  whole  machine, 
with  the  exception,  perhaps,  in 
some  cases,  of  the  commutator. 

Not  only,  in  many  cases,  does 
the  motor  differ  in  mechanical 
design  from  the  dynamo,  but, 
from  the  nature  of  its  operation 
the  methods  used  for  its  starting  and  r^:ula- 
tion  are  also  different,  and  the  object  of  this 
article  is  to  XAke  upl)riefly  some  of  the  points 
in  connection  with  the  starting  of  motors. 

In  the  first  place,  we  must  consider  briefly 
the  types  of  motor  that  are  in  common  use, 
and,  in  doing  so,  we  will  consider  only  those 
arrangements  that  are  used  to  some  extent 
commercially. 

Direct-current  motors  may  be  operated  on 
either  constant-potential  circuits  or  on  con- 
stant-current circuits.  One  would  be  safe  in 
saying  that  fiilly  99  per  cent,  of  all  electric 
motors  are  operated  oh  constant-potential 
circaitfl.  For  example,  all  motors  operated 
on  ordinary  incandescent  circuits  and  street- 
car lines  come  under  this  class.  The  only 
constant-current  motors  that  are  used  to  any 
extent  are  those  operated  on  arc-light  circuits, 
and  these  are  not  used  as  much  as  formerly. 


Motors  operated  on  arc  circuits  are,  on  the 
whole,  not  satisfactory,  for  reasons  to  be  men- 
tioned later. 

Direct-current  motors,  like  dynamos,  may 
be  either  series-,  shunt-,  or  compound- wound. 
Compound-wound  motors  are  yery  seldom 
used,  and  they  are  not  necessary,  except  in 
special  cases,  where  very  close  speed  regula- 
tion is  required.  Both  series  and  shunt 
motors  are  operated  on  constant-potential 
systems.  For  constant-current  circuits,  the 
series  motor  only  is  employed. 

The  type  of  motor  to  be  used  for  any 
given  dass  of  work  will  depend  largely  on 
the  speed  requirements.  If  the  motor  is  to 
be  operated  on  constant-poten- 
tial mains,  and  if  a  nearly  con- 
stant speed  at  all  loads  is  desired, 
the  shunt-wound  motor  will 
probably  be  used.  This  is  the 
case  with  most  motors  used  for 
stationary  work,  such  as  driving 
machinery,  etc.  If,  however, 
a  variable  speed  is  desired,  and 
especially  if  the  motor  is  to  be 
subjected  to  rough  usage,  it  is 
best  to  use  a  series-wound  ma- 
chine. For  this  reason  the  series 
motor,  operated  from  constant- 
potential  mains,  is  used,  almost 
exclusively,  for  the  operation  of  street  cars, 
hoists,  electric  traveling  cranes,  etc.  Con- 
stant-current motors,  when  provided  with 
an  automatic  governor,  will  run  at  a  con- 
stant speed,  and  may  therefore  be  used  for 
similar  work  to  which  the  shunt-wound 
constant-potential  motor  is  adapted. 

Dynamos  are  nearly  always  run  at  a  con- 
stant speed,  independent  of  the  load;  in  fact, 
in  most  cases,  it  is  extremely  important  that 
the  speed  should  be  kept  just  as  constant  as 
possible,  and  a  great  deal  of  attention  has, 
for  this  reason,  been  paid  to  the  design  of 
the  governors  used  on  engines  for  electric 
work.  On  the  other  hand,  a  motor  may  or 
may  not  be  required  to  run  at  constant 
speed,  and,  in  cases  where  variable  speed  is 
required,  some  method  must  be  used  whereby 
the  speed  may  be  controlled  at  will.  Where 
the  motor  is  to  be  run  at  constant  speed,  no 
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outside  speed-regolating  device  is  necessary. 
Again,  in  starting  up  a  dynamo,  no  special 
precautions  are  necessary.  The  engine  is 
started  and  the  dynamo  gradually  '*  builds 
up ''  or  *'  picks  up ''  its  voltage.    In  starting 
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a  motor,  however,  we  are  connecting  a 
machine  to  mains  between  which  there 
exists  the  full  pressure  generated  by  the 
dynamo,  and  we  have  to  be  careful  how  this 
is  done.  In  order  to  accomplish  this  start- 
ing, without  injurious  effects  to  the  motor, 
starting  boxes  are  used.  The  starting  box, 
or  starting  rheostat,  is  only  used  while  the 
motor  is  being  started,  and  is  cut  out  of  the 
circuit  while  the  motor  is  running.  The 
motor  regulator,  on  the  other  hand,  is  in  use 
all  the  time  the  motor  is  in  operation. 

We  will  consider,  first,  the  use  of  the 
starting  box  in  connection  with  constant- 
potential  motors.  It  must  be  remembered, 
in  the  first  place,  that  the  resistance  of  a 
well-designed  motor  armature  is  very  low — 
in  most  cases  only  a  small  fraction  of  an 
ohm.  The  armature  is  connected  directly 
across  the  circuit  when  in  operation,  as 
shown  in  Fig.  1.  This  shows  a  shunt- wound 
motor,  of  which  A  is  the  armature  and  F  the 
field,  connected  to  the  mains.  The  pressure 
E  between  these  mains  is  kept  constant  by 
the  d3mamo,  no  matter  what  current  the 
motor  may  be  taking.  If  the  armature  of 
the  motor  were  connected  to  the  mains 
while  the  motor  was  standing  still,  the  cur- 
rent that  would  flow  through  the  armature 
would  be  equal  to  the  electromotive  force  E 
divided  by  the  resistance  of  the  armature. 
Suppose,  for  example,  the  line  pressure  was 
110  volts  and  the  armature  resistance  .1  ohm. 
The  current  that  would  flow  at  the  instant 
of  starting  would  be  1,100  amperes,  and  this 
excessive  current  would  at  least  bum  the 
commutator,  and,  in  all  probability,  bum 
out  the  armature.  As  the  armature  begins 
to  turn,  its  conductors  cut  through  the  mag- 
netic field  and  an  electromotive  force  is 
therefore  induced  in  them  just  as  in  the 
conductors  of  a  dynamo.  This  induced  elec- 
tromotive force  in  a  motor  is,  however,  dif- 
ferent from  that  set  up  in  a  dynamo  in  this 
respect,  namely,  that  in  a  dynamo  the  elec- 


tromotive force  is  always  in  the  same  direc- 
tion as  the  current,  and  constitutes,  in  fact, 
the  force  that  drives  the  current  through  the 
circuit  to  which  the  dynamo  is  connected; 
in  the  case  of  a  motor,  the  electromotive 
force  induced  by  the  motion  of  the  conduc- 
tors through  the  field  is  always  opposed  to 
the  current  and  tends  to  keep  the  current 
from  flowing  through  the  motor.  For  this 
reason  it  is  often  called  the  coxjmier  dectro- 
motive  force  of  the  motor.  As  soon,  then, 
as  the  armature  of  the  motor  begins  to 
revolve,  it  is  at  once  capable  of  keeping  out 
any  excessive  rush  of  current,  because  its 
counter  electromotive  force  acts  like  so 
much  resistance.  When  the  motor  attains 
full  speed,  its  counter  electromotive  force 
becomes  nearly  equal  to  the  electromotive 
force  between  the  mains,  though  it  never 
quite  reaches  the  same  value. 

When  a  series  motor  is  operated  on  a 
constant-potential  circuit,  as  shown  in  Fig.  2, 
the  action  is  much  the  same  as  that  already 
described,  although  in  the  case  of  the  series 
motor  the  rush  of  current  would  not  be  quite 
so  great,  because  the  field  coil  F,  being  in 
series  with  the  armature,  would,  by  virtue  of 
its  resistance  and  self-induction,  choke  back 
the  current  to  a  certain  extent.  It  is  neces- 
sary, however,  to  use  a  starting  box  with 
series  motors,  unless  the  motor  is  of  very 
small  size. 

In  order  to  prevent  this  rush  of  current, 
it  is  customary  to  insert  an  outside  resistance 
in  series  with  the  armature  and  have  this 
resistance  so  arranged  that  it  may  be  cut  out 
of  circuit  as  the  speed  increases  and  the 
motor  builds  up  a  counter  electromotive 
force  capable 
of  controlling 
the  current 
without  any 
outside  assist- 
ance. When 
the  motor  has 
attained  f  u  1 1 
speed,  this  re- 
sistance is,  of 
course,  cut  out 
completely,  as 
any  resistance 
left  in  the  cir- 
cuit would 
only  cause  a 
useless  waste  of  power  and  overheat  the  coils. 

A  great  many  different  types  of  starting 
boxes  have  been  introduced,  each  having  its 
own  peculiar  type  of  construction.  The 
earlier  forms  consisted  simply  of  a  number 
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of  German-Bilver  or  iron  resistance   coils, 
placed  in  a  wooden  box  and  connected  to  a 
number  of  contact  points  so  that  the  resist- 
ance could  gradually  be  cut  out,  by  moving 
a  contact  arm  over  these  points.    This  con- 
struction was  faulty  in  many  respects;  coils 
would  get  so  hot  that  they  sagged  enough  to 
touch  each  other,  and  in  many  cases  the 
wooden  box  was  burned.    In  modem  boxes 
the  construction  is  fireproof  throughout,  and 
the  resistance  wire  is  firmly  held  in  place. 
A  large  number  of  patented  arrangements 
have  been  brought  out,  the  object  of  all  of 
them  being  to  obtain  a  box  occupying  small 
space,  perfectly  fireproof,  and  in  which  the 
wire  would  be  held  in  place  so  that  there 
would  be  no  danger 
of  short  circuits,  at 
the  same  time 
allowing  ready  ra- 
diation of  the  heat 
generated. 

fig.  3  shows  a 
simple  type  of 
motor  starting  box 
in  common  use.  In 
this  box,  the  high- 
resistance  "wire" 
is  in  the  form  of 
zigzag  ribbon,  and 
is  attached  to  the 
back  of  the  iron 
plate  by  means  of 
insulating  enamel. 
The  iron  plate 
serves,  in  this  way, 
not  only  to  support 
the  wire  but  also  to 
radiate  the  heat. 
In  order  to  have  it 
present  a  large  sur- 
ftyce  to  the  air,  it  is 

made  with  ribs  r.  Fiq.  4. 

A   number  of  the 

more  important  types  of  boxes  will  be 
described  in  a  subsequent  article,  this  article 
being  intended  to  give  only  a  general  idea 
as  to  the  use  and  connections  of  these  boxes. 

Fig.  5  shows  the  method  of  connecting  up 
a  simple  starting  box  with  a  shunt-wound 
motor.  This  is  a  combination  most  largely 
used  for  stationary  work.  A  fuse  block  X>  is 
connected  as  shown  to  protect  the  motor 
from  overloads,  f  is  a  double-pole  knife 
switch,  and  C  the  starting  box.  Shunt- 
wound  motors  are  generally  provided  with 
three  terminals.  Terminal  1  connects  to  one 
brush  and  one  terminal  of  the  field,  termi- 
nal iP  connects  to  the  other  end  of  the  field. 


and  terminal  S  connects  to  the  other  brush. 
The  first  point  of  the  starting  box  is  dead. 
One  terminal  of  the  main  switch  connects 
directly  to  terminal  1;  the  other  terminal 
of  the  switch  connects  to  one  terminal  of  the 
starting  box.  From  terminal  iB^  a  wire  leads 
to  the  same  side  of  the  switch  to  which  the 
starting  box  is  connected.  The  motor  is 
started  as  follows:  Having  made  sure  that 
the  lever  of  the  starting  box  is  at  the  ofi 
position,  the  switch  B  is  throvm.  This 
allows  current  to  flow  through  the  field,  but 
not  through  the  armature,  and  the  field  is 
therefore  fully  excited,  so  that,  when  the 
armature  begins  to  turn,  a  counter  electro- 
motive force  will  at  once  be  generated.    The 

lever  of  the  start- 
ing box  is  now 
moved  over  to  the 
second  point   and 
current  at  once 
flows  through    all 
the  resistance, 
throjiigh  the  arma- 
ture, and  thence  to 
the  other  side  of  the 
switch.  The  resist- 
ance limits  the  cur- 
rent so  that  the 
motor  starts  up 
smoothly.   As  soon 
as  the  armature 
begins  to  turn,  the 
counter  electromo- 
tive force  helps  to 
keep  down  the  cur- 
rent so  that  a  por- 
tion of  the  resist- 
ance  may  be  cut 
out,  by  moving  the 
lever  towards  the 
right.    In  this  way 
the    resistance   is 
gradually  cut  out, 
until  finally  the  last  point  is  reached  and  it 
is  completely  out  of  circuit.    Care  should 
be  taken  in  making  these  motor  connec- 
tions, as  mistakes  are  frequently  made  in 
connecting  the  field  wire  and  the  starting 
rheostat.    The  field  wire  is  often  connected 
on  the  other  Mde  of  the  box  from  that  shown, 
so  that  the  field  is  not  excited  until  current 
begins  to  fiow  through  the  armature.    Again, 
the  mistake  is  sometimes  made  of  connect- 
ing the  starting  box  in  series  with  the  field 
instead  of  the  amiature,  in  which  case,  of 
course,  there  is  tro4ble  as  soon  as  the  switch 
is  thrown.    The  connections  are  simple,  but 
too  much  care  cannot  be  taken  to  see  that 
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they  are  all  right  before  attemptiog  to  start 
ap  the  motor. 

Fig.  6  shows  the  connections  for  a  series 
motor.    These  are  rather  simpler  than  the 
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preceding,  since  the  field  is  connected  in 
series  with  the  armature.  In  this  case  the 
starting  box  is  connected  directly  in  series 
with  the  motor  and  used  in  connection  with 
a  main  switch  and  fuse  block  as  before. 

The  starting  box,  in  its  simple  form,  does 
not  always  secure  immunity  from  damage 
when  starting.  For  example,  suppose  a 
motor  has  been  shut  down  by  pulling  the 
main  switch,  and  that  the  starting-box  lever 
has  not  been  moved  back  to  the  off  position; 
the  chances  are  that,  when  the  motor  is  to  be 
started  again,  the  attendant  will  throw  in  the 
main  switch  without  seeing  that  the  handle 
is  set  back,  and  a  short  circuit  will  result. 
Again,  the  power  may  be  shut  off,  for  some 
reason  or  other,  while  the  motor  is  in  oper- 
i^ion,  and  after  a  while  turned  on  again.  In 
this  case,  also,  the  lever  will  be  at  the  on 
position  and  a  short  circuit  will  follow. 

To  overcome  these  defects  various  auto- 
matic boxes  have  been  brought  out,  which 
will,  of  their  own  accord,  go  back  to  the  off 
position  whenever  the  motor  is  phut  down 
or  whenever  the  power  fails.  Many  of  these 
boxes  are  also  fitted  with  a  device  that  will 
automatically  cause  the  starting  lever  to  fly 


to  the  off  position  whenever  the  machine  is 
overloaded.  An  automatic  box  of  this  kind, 
used  in  connection  with  a  shunt  motor,  is 
shown  in  Fig.  4.  The  lever  is  here  shown  in 
the  running  position.  This  lever  is  moved 
over  from  the  off  position  against  the  action 
of  a  spring  placed  in  the  hub,  and  is  held  in 
the  position  shown  by  a  catch  a  fitting  into 
a  notch  in  the  lever  6.  This  lever  is  held 
down  against  the  action  of  a  spiral  spring 
(not  shown  in  the  figure)  by  the  magnet  m, 
the  exciting  coil  of  which  is  placed  in  series 
with  the  shunt  field  of  the  motor.  If  the 
motor  is  shut  down,  or  if  the  power  is  shut 
off  in  any  way,  the  magnet  m  allows  the 
armature  6  to  fly  up  and  release  the  lever, 
which  at  once  flies  back  to  the  off  position. 
The  device  shown  in  the  lower  right-hand 
corner  is  for  protecting  the  motor  against 
overloads.  The  magnet  h  is  provided  with  a 
hinged  armature  ^,  carrying  a  copper  contact 
piece,  which  makes  contact  between  the  pro- 
jecting pins  /,  /  when  the  armature  is  drawn 
up.  The  coil  of  the  magnet  is  connected  in 
series  with  the  motor  armature  so  that,  when 
the  current  exceeds  the  allowable  amount, 
the  armature  is  pul  led  up.  This  short-circuits 
the  coil  of  magnet  m,  thus  releasing  the  lever 
and  allowing  it  to  fly  back  to  the  off  posi- 
tion.   A  similar  box   is   made   for  use  in 
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connection  with  series  motors,  the  only  differ- 
ence being  that  both  the  magnet  coUs  of  m 
and  h  are  connected  in  series  with  the 
armature. 
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The  starting  of  a  motor,  ran  on  a  constant- 
current  circuit,  is  a  comparatively  simple 
matter.  This  style  of  motor  is  osoally  con- 
nected in  series  with  lamps  on  an  arc-light 
circuit,  as  shown  in  Fig.  7,  and  the  current 
is  constant  at  all  loads,  because  the  auto- 
matic r^^lator  on  the 
dynamo  varies  the 
electromotive  force  as 
the  load  on  the  line 
varies.  All  that  is 
necessary  to  start  such 
a  motor  is  to  open  the 
switch,  which  short- 
circuits  the  machine. 
In  £act,  motors  of  this  kind  are  cut  in  and 
out  of  circuit  in  just  the  same  way  as  arc 
lamps.  These  motors  are  usually  installed 
with  two  switches,  as  shown  in  Fig.  8.  The 
switch  A  is  placed  outside  the  building,  to 
cut  off  the  current  in  case  of  fire,  etc.,  and 
the  switch  B  is  used 
for  starting  or  stop- 
ping the  motor.  Both 
these  switches  should 
be  of  the  quick-break 
type  commonly  used 
in  connection  with  arc- 
light  circuits,  and  they 
should,  of  course,  be 
so  connected  that  they 
short-circuit  the  motor 
and  not  open  the  circuit 
when  it  is  desired  to 
shut  down  the  ma- 
chine. Motors  oper- 
ated on  arc  circuits  are  always  more  or  less 
dangerous  and  are  rarely  ever  used  when 
constant-potential  motors  are  available.  If 
a  constant-current  motor  be  of  considerable 
output,  the  potential  across  its  terminals  at 
full  load  becomes  very  high,  not  to  mention 
the  danger  from  grounds  to   which   such 
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motors  are  exposed.  A  lO-horsepower  motor, 
for  example,  operated  on  a  9-ampere  circuit, 
would  have  a  voltage  of  about  830  volts 
across  its  terminals  at  full  load. 

The  starting  devices  described  in  this  arti- 
cle apply  principally  to  stationary  motors. 

For  railway  motors, 
crane  motors,  etc., 
many  special  arrange- 
ments are  used,  but 
in  every  case  it  will 
be  found  that  they 
are  designed  so  as  to 
insert  resistance  at 
starting  and  cut  it 
out  as  the  motor  comes  up  to  speed. 

In  conclusion,  it  may  be  well  to  mention, 
in  connection  with  the  use  of  starting  boxes, 
that  these  boxes  are  not  designed  to  be  used 
aa  speed  regulators.  Many  persons  seem  to 
think  that  a  starting  box  may  be  used  to 
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vary  the  speed  of  the 
motor  by  leaving  the 
starting  lever  on  some 
intermediate  point  If 
this  is  done,  the  box 
will  surely  be  burned 
out,  because  they  are 
not  designed  to  carry 
current  continuously. 
The  resistance  coils 
are  only  supposed  to 
be  in  use  for  Uie  short 
time  necessary  to  get 
the  motor  under  head- 
way, and,  if  a  speed 
regulator  is  needed,  a  box  designed  for  con- 
tinuous service  must  be  installed.  The 
spiral  epripg  «,  Fig.  3,  is  connected  to  the 
lever  to  prevent  its  being  left  on  any  inter- 
mediate notch  in  case  any  person  feels 
inclined  to  try  the  experiment  of  using  the 
box  as  a  speed  regulator. 
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IN  TH£  early  part  of  the  month  of  August 
a  series  of  trials  of  self-propelled  vehicles 
suitable  for  heavy  traffic  was  held  in 
Liverpool,  England.  The  trials  occupied 
two  days,  and  were  made  over  a  course  of 
40  miles.  According  to  the  conditions,  the 
distance  between  the  depots  for  the  supply 
of  water  did  not  exceed  12  miles,  and  all 
vehicles  were  required  to  traverse  the  same 


prescribed  course  and  perform  certain 
maneuvers.  Steam  was  the  .motive  power 
in  each  of  the  four  competing  vehicle?;  for 
fuel,  one  used  oil,  two  used  coal,  and  one 
used  coke.  The  English  manufacturers 
seem  to  have  abandoned  the  attempt  to 
use  electric  motors  for  wagons  that  are 
suitable  for  heavy  traffic  and  for  agricul- 
tural purposes. 


ICE,  \A/'ATER,  AND  STEAM. 

(OcmdudedJ^rom  the  September,  1899,  Number  qf  '*The  Building  Tradet  Magazine^) 
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How  A  Small  Quantity  of  Watbr  Bubsts  a  Pipe— Intkrhbting  Expkrimbntb — Relative 

Volume  op  Steam  at  Different  Pressurbb. 


SOME  plumbers,  even  at  this  late  day,  will 
tell  you  that  a  pipe  bursts  when  the 
thaw  comes  on,  but  the  most  of  them 
know  different  Pipes  burst  when  they 
freeze,  and  leak  when  they  thaw.  A  frozen 
pipe  does  not  leak,  because  the  ice  prevents 
the  leak.  But  when  the  thaw  comes,  and 
the  ice  is  melted  out  of  the  leak,  then  the 
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plumber  is  notified;  if  he  does  not  know 
any  better,  he  claims  that  the  thaw  burst  the 
pipe,  and  you  can't  change  the  poor  fellow. 

It  is  surprising  how  small  a  quantity  of 
water  is  required  to  burst  a  pipe.  Fig.  5 
shows  a  little  dip  in  an  ordinary  lead  pipe, 
as  commonly  found  at  the  back  of  laundry 
tubs.  Suppose  the  owner  of  such  a  dip 
leaves  his  home  for  the  winter  months,  and 
drains  the  pipes  before  he  goes,  to  keep  them 
from  freezing.  He  forgets,  or  he  does  not 
know,  that  there  are  at  least  two  dips  in  the 
pipes  at  the  back  of  the  tubs  that  cannot 
be  drained,  for  the  water  must  be  blown  out 
of  them.  They  are  neglected,  however,  and 
when  he  comes  back  they  have  frozen  and 
burst. 

It  would  be  natural  to  suppose  that  such 
a  small  amount  of  water  could  not  burst  that 
pipe,  particularly  when  the  surface  of  the 
water  is  free  to  expand  in  the  pipe,  as  the 
milk  is  free  to  expand  in  the  mouth  of 
the  bottle.  But  there  is  a  difference  between 
milk  and  watei^-or  at  least  there  should  be. 
The  difference  depends  greatly  on  whether 
there  is  a  milk  trust  in  the  town  or  not — ^the 
greater  the  trust  the  less  the  difference.  Ice 
formed  by  the  freezing  of  pure  water  is  very 
dense,  hard,  and  strong,  and  that  formed  by 
milk  (syndicate  milk  excepted)  is  more 
spongy  and  yielding.  The  ice  first  forms  on 
the  surface  of  the  water,  as  shown  at  a,  a, 
and  the  expansion  wiU  then  be  upwards 
into  the  empty  pipe,  that  being  the  path  of 


least  resistance.  But  as  the  plugs  of  ice  a,  a 
deepen  in  the  pipe,  the  force  required  to 
overcome  this  resistance  and  cause  them  to 
move  upwards  will  also  become  greater, 
until  the  increased  pressure  of  the  liquid  in 
the  pocket,  due  to  this  increased  force,  is 
sufficient  to  overcome  the  tenacity  of  the 
pipe,  when  it  will  swell  and  burst,  as  shown 

in  the  figure. 

Now,  take  some  ice, 
break  it  up,  and  put  it  in 
a  saucepan,  and  push  in  a 
thermometer  so  that  its 
bulb  will  be  well  sur- 
rounded by  ice,  as  shown 
in  Fig.  6.  Place  the  pan  on 
the  kitchen  stove,  heat  it  slightly,  and  watch 
the  thermometer.  The  ice  will  not  begin  to 
melt  immediately,  but  the  mercury  for  a 
little  while  will  rise  steadily.  Then  the  ice 
will  begin  to  melt.  Directly  this  occurs,  the 
mercury  will  stop  rising  and  remain  sta- 
tionary until  the  ice  is  all  melted.  In  plain 
words,  the  contents  of  the  saucepan  will  not 
get  any  hotter,  by  the  heat  being  applied  to 
it,  until  all  the  ice  is  melted,  which  shows 
that  the  whole  of  the  heat  received  from  the 
fire  is  spent  in  melting  the  ice,  and  none  of 
it  makes  the  water  or  ice  hotter.  We  can 
try  that  experiment  as  often  as  we  please, 
but  we  shall  always  find  that  the  mercury 
will  stand  at  nearly  the  same  point,  which 
shows  us  that  the  temperature  at  which  ice 
melts  is  always  about  the  same;  it  varies 
ahnost  imper- 
ceptibly, how- 
ever, with  the 
quality  of  the 
ice. 

Suppose  that 
the  ice  is  all 
melted  in  the 
saucepan,  and 
heat  is  still  ap- 
plied.  We 
now  notice 
that  the  mercury  will  rise  in  the  ther- 
mometer, which  shows  that  the  wat^  is 
becoming  warmer.  Continue  the  heat,  and 
the  mercury  will  continue  to  rise  until  the 
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water  beglne  to  boil.    Directly  the  boiling 
begine,  the  mercury  etopa  rising  and  remains 
Btationsry  ontil  all  the  water  is  boiled  away. 
The  temperature  aa  read  by  the  thermometer, 
when  Uie  wat«r  boila,  ie  called  the  boiling 
point,  and  oa  different  days  this  t«mpera- 
tnre  varies  slightly.    It  doee  not  vary  with 
'     tbe  fire,  the  kettle,  the  trtove,  or  the  day 
of  the  week,  but  with  the  condition  of  the 
atmosphere,  and  tbe  height  of  the  kettle  as 
compared  with  the  lerel  of  the  sea.    In  plain 
words,  the  pressure  of  the  atmosphere  tweets 
the  boiling  point  of  the  water.    Try  this 
experiment  about  tbe  level 
of  tbe  eea  shra^  in  ordinary 
weather,  and  you  will  find 
that  the  boiling  point  is  312° 
F.  on  your  thermometer,  if  it 
is   correct.     Suppose,  bow- 
ever,  you  kindle  a  Sre  half- 
way   np   a   mountain,    and 
boil  some  water  there;  you 
will  find,  by  taking  the  tem- 
perature with  the  same  ther- 
mometer,  that  the  point 
where  the  mercury  reets, 
while  boiling  goes  on,  is  at 
a  much  lower  height    Then 
go    up    to   the   top  of  the 
mount^n,  repeat  the  experi- 
ment, and  you  will  find  that 
the  water  boils  at  a  much 
lower    temperature    still, 
which  all  goee  to  show  that 
M  we  go  higher  above  the 
eea  level,  water  boils  at  a 
lower  temperature;  indeed, 
when  we  get  to  the  top  of 
ft  very  high  mountain,  it  will 
boil  when  only  tepid.    The 
reason  for  this  will  be  seen 
when  we  think  a  little  about 
what  boiling  is.    The  simple 
fact  of  the  matter  is  that  the 
water,  even  when  cold,  is 
trying  to  torn  into  steam  and  expand  in  that 
form,  but  the  atmospheric   preasure,   to  an 
extent,  prevents  it  The  greater  the  pressure, 
the  more  difficult  it  is  for  the  water  to  change 
into  steam.    When  the  water  is  heated  it 
tries  harder  and  harder  to  turn  into  ateam, 
till  a  point  is  reached  where  the  pressure  of 
the  vapor  of  water  just  overbalances  the 
preasure  of  the  air,  and  then  the  water  boils 
freely.     You  now  begin  to  see  why  water 
doesnotalwaysboUat  the  same  temperature. 
Numerous  experiments  and    calculations 
have  been  made,  and  tables  constructed,  by 
which  not  only  tbe  boiling  point  of  water  is 


determined  for  different  heights,  but  the 
heights  of  mountains  con  also  be  determined 
by  boiling  water  at  their  summits.    When 
water  is   boiled    it    expands    enormously, 
1  cubic  inch  of  the  liquid  making  about  1,647 
cable  inches  of  Steam  at  atmospheric  pree- 
snre,  237  cnbic  incbee  at  a  pressure  of  100 
pounds  by  the  gauge,  and  31  cubic  inches  at 
a  pressure  of  1,000  pounds.     (See  Fig.  S.) 
The  steam  from  an  open  kettle  on  tbe  sor- 
fbce  of  the  earth  never  has  a  temperature 
much  higher  than  212°  F.,  because  the  prea- 
sure of  the  atmosphere   seldom   increases 
sufficient  to  make  a  notice- 
able difference;  but  down  in 
deep  mines,  where  the  ba- 
rometers indicate  high  pres- 
sures, the  boiling   point 
becomes  much  higher.    To 
heat  water  to  a  higher  tem- 
perature than  212°,  we  must 
confine  it  in  a  closed  vessel 
and  allow  a  pressure  to  bear 
down  on  the  water;  then  its 
temperature  will  rise,  and  so 
will  the  temperature  of  the 
steam.    This  we  can  easily 
prove    by   the    experiment 
shown  in  !Eig.  7. 

A  piece  of  wrought-u^n 
pipe  a,  having  a  common  cap 
screwed  on  its  lower  end  and 
a  reducing  T  screwed  on  Its 
top  end,  is  partly  filled  with 
water  and  secured  to  a  sup- 
port as  shown.    A  thermom- 
eter 6  is  screwed  into  the 
side  of  a  in  snch  a  manner 
that  its  bulb  will  be  in  the 
water.    A  preeenre  gauge  c 
and  a  petcock  d  are  screwed 
into  the  T  outlets.    A  Bunsen 
Same  is  then  placed  under 
the  cap  to  heat  the  water 
ino.  To  ascertain  how  pres- 
sure   afiects    the    boiling    point,    we   will 
begin    by  leaving  the  cock  d   open,  thua. 
beating  the  water  under  atmospheric  pres- 
sure.   The  water  in  a  wUI  absorb  heat  from 
the  flame,  and  its  temperature  will  rise,  as 
can  easily  be  observed  by  occasionally  read- 
ing the  thermometer.    The  pressure  of  the 
air  above  the  water  in  tbe  tube,  however, 
remains  unchanged.    When  the  temperatore 
of  the  water  reaches  212°  on  the  scale  of  the 
thermometer,  it  will  be  notice^  that  the 
mercury  remains  stationary  for  some  time 
before  the  water   actually  begins  to  boil. 
This  is  due  to  the  fact  that  the  heat  which 
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the  water  is  then  absorbing  from  the  flame 
becomes  latent  in  the  water,  that  is  to  say, 
its  presence  cannot  be  detected  by  the  ther- 
mometer. This  heat  is  known  as  latent  heat. 
When  the  water  has  absorbed  enough  heat 
to  cause  a  portion  of  it  to  change  its  state  and 
become  a  vapor,  it  will  ^.--^ 
begin  to  boil,  and  the  lU 
steam  will  flow  freely 
through  d  to  the  outer  I cirnicf  uater  = 

atmosphere.  The  con- 
tinued application  of 
heat  to  the  water  in  a 
does  not  raise  its  tem- 
perature any  higher ;  it 
simply  causes  a  con- 
tinuous flow  of  steam 
through  d  to  the  at- 
mosphere. At  this 
point  the  thermometer 
still  mdicates  212'',  and 
the  gauge  still  points 
to  zero.  Let  us  close  d 
and  see  what  results 
we  obtain.  We  soon 
begin  to  observe  that 
the  gauge  indicates  an 
increase  in  pressure 
and  the  thermometer 
a  rise  in  temperature. 

When  steam  is 
cooled  it  condenses  again  into  water,  giving 
off  ah  enormous  amount  of  heat,  and  this 
property  of  steam,  combined  with  its  adapta- 
bility to  flow  anywhere,  is  something  that  is 


Z57cu.m. 

mlhpersiin. 
pressure. 


di6tfno5pheric 
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taken  advantage  of  in  heating  buildings,  and 
causes  steam  to  be  an  indispensable  agent  in 
the  industrial  arts. 

For  a  flnal  experiment  take  a  piece  of 
1-inch  gas  pipe  18  inches  long;  screw  a  cap 
on  one  end  and  a  redudng  socket  on  the 

other.  Pour  some 
water  in  this  tube, 
then  place  it  in  the 
fire,  and  connect  the 
upper  end  with  a  hose 
to  a  pipe  coil  sub- 
merged in  water,  in  a 
common  wash  tub. 
The  water  boils;  steam 
is  forced  down  the 
hose  and  through  the 
coil  where  it  is  con- 
densed, for  the  cold 
water  around  the  coil 
absorbs  heat  rapidly 
from  the  steam.  Very 
soon  you  will  find  that 
the  water  in  the  tub  is 
becoming  quite  hot, 
and  yet  it  is  being 
heated  by  a  compara- 
tively small  amount  of 
water.  If  you  calcu- 
late the  results  yon 
will  probably  find  Uiat 
a  pint  of  water  evaporated  from  the  tube 
and  condensed  in  the  coil  wiU  heat  about  2 
gallons  of  cold  water  so  hot  that  you  can 
scarcely  put  your  hand  in  it. 


PAY  OF  OLD-TIME  ARCHITECTS. 


AS  NEAR  as  we  can  discover,  the  archi- 
tect of  "ye  olden  tyme'*  did  not 
receive  for  his  services  a  very  exor- 
bitant sum.  Recently,  some  members  of 
the  French  school  at  Delphi  unearthed  sev- 
eral slabs  of  marble,  which  bear  inscriptions 
of  great  interest,  dating  as  they  do  from  the 
fourth  century  before  Christ.  The  inscrip- 
tions, which  cover  about  200  lines,  give  the 
price  of  work  for  building  operations  in 
Greece  at  the  period  named,  and  frt)m  them 
we  learn  that  an  architect  was  paid  at  the 
rate  of  $150  per  annum  or  less.  This  was 
little  enough,  surely,  even  if  its  purchasing 
power  is  multiplied,  as  it  should  be,  flve  or 
six  times.  Sir  Christopher  Wren  received 
for  his   services   the  magnificent   sum   of 


$1,000  i)er  year  for  more  than  20  years,  while 
rebuilding  London.  His  head  draftsman 
received  about  $300  per  year,  while  assist- 
ants received  from  $30  to  $125  per  year. 
French  and  Grerman  architects  were  not  even 
so  well  paid  at  the  same  period.  Bad  as 
this  was,  it  was  better  than  the  remuneration 
many  of  the  older  architects  received,  for  in 
the  fiu:  East  if  an  artist  made  a  noble  design 
and  erected  a  building  worthy  of  admiration, 
his  chances  of  being  '* suddenly  removed" 
by  order  of  the  king  were  many.  This  step 
was  taken  in  order  to  prevent  a  rival  king 
from  obtaining  the  services  of  an  architect 
who  might  be  able  to  so  improve  his  plans 
that  a  finer  and  nobler  building  would  be 
executed. — Architedure  and  Building. 


NATIONAL    ASSOCIATION    OF    STATIONARY 
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A  Condensed  Report  of  the  Proceedings  of  the  National  Convention,  Day  by  Day. 

Tuesdaijy  September  6,  1899, 

THE  eighteenth  annual  convention  of  National  Vice-President,  responded  to  the 
the  National  Association  of  Stationary  welcoming  speech  of  the  Mayor,  speaking 
EngineersmetatSt.  Louis,  Mo.,Sept.  5,  briefly  of  the  association  and  pleading  for 
1899.  At  10:45  a.  m.  the  convention  was  the  loyalty  of  its  members, 
called  to  order  by  the  chairman  of  the  The  National  President,  Mr.  W.  T. 
local  Arrangements  Committee,  Mr.  Frank  Wheeler,  then  assumed  his  station,  and 
Eardley,  who,  with  a  few  well-chosen  the  convention  was  formally  opened.  As 
remarks,  introduced  the  Hon.  Mr.  Francis,  soon  as  the  convention  had  come  to 
ex-Governor  of  the  State  of  Missouri.  Mr.  order.  Brother  Einfeld,  the  National  Door- 
Francis  welcomed  the  delegates  to  the  great  keeper,  on  behalf  of  Colorado  No.  1,  Den- 
State  of  Missouri  in  a  sx>eech  in  which  he  ver,  presented  the  National  President  with 
referred  to  the  coming  Louisiana  Purchase  a  beautiful  silver-mounted  gavel.  After 
Exposition,  promising  that  St.  Loufs  would  President  Wheeler  had  thanked  him  in  a 
have  the  greatest  exposition  in  the  history  few  well-chosen 
of  the  world.  He  expressed  the  hope  that  words,  he  de-  ^ 
every  delegate  and  guest  would  return  to  clared  a  recess 
attend  the  exposition  of  1903,  and  in  the  at   11:35  a.  m., 

meantime  assist  in  advertising  the  exposi-  to  last  until  12  Vjj^  silveb-Mounted  Gavxl. 

tion  to  the  best  of  their  ability.    Frequent  o'clock  noon. 

applause  showed  that  these  remarks  ap-  When  the  meeting  had  been  called  to  order, 

pealed  to  the  convention.     Mr.  John  W.  after  adjournment,  the  first  in  the  order  of 

Lane,  of  New  York  City,  Past  President  of  business  was  the  roll  call  of  the  delegates, 

the    National   Association    of    Stationary  A   quorum   being  present,  the  President 

Engineers,  in  responding,  told  of  the  aims  called  for  the  report  of  the  Committee  on 

and  objects  of  the  association,  dwelling  at  Credentials.    Brother  Dill,  chairman  of  the 

length  upon  the  fact  that  it  was  an  educa-  committee,  announced  that  a  majority  of 

tional  organization  in  every  resx>ect,  and  in  the  credentials   had  been  examined  and 

no  way  whatsoever  a  labor  union,  as  some  found  all  right,  but  that,  owing  to  the  large 

people  imagined.    He  spoke  at  length  upon  amount  of  work  still  on  hand,  the  committee 

the  part  played  by  the  engineer  and  his  could  not  render  a  complete  report  until 

department,  and  the  naval  constructor,  in  late  in  the  afternoon.     President  Wheeler 

the  late  Spanish- American  war.  then  appointed  the  following  committees: 

Brother    Lane,  in   the   most    eulogistic  Transpmiatum. 

terms,  then  referred  to  Gardner  C.  Sims,      J.  G.  Beckerleg ill.  No.  i 

Chief  Engineer  of  the  naval  repair  ship  S?^'-^^                                        ^^'^•^^'^ 

^ri  XI.  *••         u^  J  Wm.  T.  Johnaon _ Mass.  No.  1 

Vulcan,  to  whose  untiring  efforts  was  due, 

in  a  large  measure,  the  effectiveness  of  the  ^  ,     ^     ^„         Credentials. 

J*     J.  XI.  X  J  *     X  J  Av  X    *  />!  Columbus  Dill  Mass.  No.  1 

fleet  that  defeated  that  of  Cervera.  j,  h.  van  Aredaie Mo.  No.  2 

His  Honor,  Henry  Ziegenhein,  Mayor  of     c.  c.  Elsasser Cal.  No.  i 

St.  Louis,  was  then  introduced,  and  wel-  Mileage. 

comed  the  delegates  to  the  city  of  St.  Louis     h.  c.  HoflmAn. r.  i.  No.  5 

in  a  speech  of  10  minutes  duration,  which      J-  Q.  Baril Coim.  No.  16 

was  received  with   tremendous  applause.  Jl?^™^                                   ^Kf'noS 

The  Mayor  spoke  of  the  hospitality  of  St. 

Ix.m^  and  the  good  things  invariably  dis-  t.  e.  Thon,i«on   '"^"^'"^-          n.y.No.i 

covered  there  by  delegates.  He  evoked  great      b.  H.Dear Coi.  No.  6 

applause  by  telling  them  to  get  what  they     J.  R.  Chapman Minn.  No.  4 

wanted,  and  if  it  were  not  given  them,  to  ^-  M.  Knopp                                          Mo.  No.  4 

take  it  anyhow.  A.D.Howard                                                 Ga.No.l 

Brother  Herbert  E.  Stone,  Chief  Engineer  Anaiytd»  and  DistrOnUion. 

of  Harvarf  University   who  is  a  member  r^D^kut      ;. : :               :      ;  I^llid.'^o'' 

of  Massachusetts  No.  12,  Boston,  and  the      t. j. Busheii s. Dak. No.s 
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C.  W.  Fellows 
Wm.  Tucker... 
R.  Donovan. ... 


App^$  and  OHevancei. 


.Texas  No.  6 
N.J.  No.  8 
N.  H.  No.  6 


Auditing. 

H.  Rensford Ohio  No.  15 

C.W.Dunham 111.  No.  2 

W.  M.  Loiran  N.Y.  No.8 

W.  H.  Frazier Col.  No.  1 

J.  8.  GUleHpie Pa.  No.l2 

RUuai. 

S.  E.  Nunn Md.  No.  2 

J.Cooper Mich.  No.  16 

G.Smith N.J.  No.8 

A.  E.  Wallls Man.  No.  1 

A.  S.Wright N.Y.  No.5 

President  Wheeler  then  read  his  annual 
message,  in  which  he  stated: 

1.  That  the  case  of  the  National  Asso- 
ciation of  Stationary  Engineers  against 
former  National  Secretary  Dutcher  for  the 
embezzlement  of  $1,300  was  still  in  the 
hands  of  the  Illinois  courts. 

2.  That  in  hii^  opinion  it  would  be  wise 
for  the  convention  to  set  aside  the  sum  of 
$500,  to  be  known  as  a  Propagation  Fund, 
said  sum  to  be  used  at  the  discretion  of  the 
National  President  in  defraying  the  ex- 
penses of  those  brothers  whom  he  may  send 
to  organize  subordinate  associations. 

3.  That  he  had  found  it  necessary  to 
revoke  the  charter  of  Northwest  Association 
No.  45,  Illinois,  on  account  of  what  he 
states  to  be  a  flagrant  breach  of  trust. 

4.  That  Brother  Weston,  a  member  of 
New  Hampshire  No.  5,  Portsmouth,  had 
been  dischaiged  from  his  position  as 
engineer  on  account  of  a  demand  by 
the  Brewery  Workers'  Union.  Brother 
Weston  refused  to  renounce  his  allegiance 
to  the  National  Association  of  Stationary 
Engineers,  and  hence  his  discharge  was 
demanded  by  the  union  under  threat  of  a 
boycott  or  strike.  To  avoid  such  proceed- 
ings, the  superintendent  was  forced  to  dis- 
charge Brother  Weston.  This  case  is  now 
in  the  hands  of  a  competent  lawyer,  who 
will  attempt  to  bring  it  before  the  Supreme 
Court  for  trial  during  the  October  term. 

5.  That  inasmuch  as  the  National  License 
Committee,  in  the  opinion  of  many,  has 
been  seriously  handicapped  by  the  lack  of 
funds,  it  is  recommended  that  the  sum  of 
$1,000  be  set  aside  for  the  use  of  the  com- 
mittee, to  be  expended  at  the  discretion  of 
the  National  President,  Vice-President,  and 
.Secretary. 

6.  That  in  spite  of  the  reduction  of  the 
per  capita  tax  from  75  cents  to  50  cents,  and 
the  decrease  in  the  percentage  receipts  from 
the  ** National  Engineer"  from  30  per  cent. 


to  25  per  cent,  that  the  trustees  saw  fit  to 
make  in  March,  1899,  there  is  nearly  as 
much  money  in  the  treasury  as  on  the 
corresponding  date  in  1898. 

7.  That,  in  consideration  of  the  conces- 
sion of  5  per  cent,  made  by  the  trustees, 
the  publishers  of  the  "National  Engineer" 
have  opened  an  Eastern  office,  which,  if 
properly  conducted,  it  is  believed  will 
increase  the  amount  turned  over  annually 
to  the  treasury. 

8.  That  praise  is  due  to  Brothers  Fox, 
Hall,  and  Grain,  of  the  Educational  Com- 
mittee, for  the  efficient  manner  in  which 
they  have  performed  their  duties. 

9.  That  it  is  recommended  that,  inas- 
much as  the  present  constitution  has  given 
general  satisfaction  and  met  the  require- 
ments of  all  fair-minded  men,  no  changes 
be  made  that  would  necessitate  the  spend- 
ing of  hundreds  of  dollars  required  for  the 
reprinting  and  distribution  of  a  new  con- 
stitution. 

10.  That  in  his  opinion,  instead  of  each 
association  sending  its  own  delegates  to  the 
convention,  the  state  associations  should 
elect  delegates  to  the  National  Convention. 
This  would  mean  a  saving  of  thousands  of 
dollars  to  the  parent  body  and  a  proportion- 
ate saving  to  the  local  associations. 

The  message  was  duly  referred  to  the 
Committee  on  Analysis  and  Distribution, 
and  copies  ordered  to  be  printed  and  dis- 
tributed forthwith  to  the  delegates. 

Brother  Naylor,  of  Illinois  No.  28,  Chicago, 
the  National  Secretary,  on  behalf  of  Brother 
Edgar,  who  is  at  present  in  the  Hawaiian 

Islands,  with  a 
neat  little  speech 
presented  the 
National  Asso- 
ciation 'with  a 
beautiful  gavel 
made  of  different 
kinds  of  Ha- 
waiian woods. 
The  thanks  of 
the  association  were  tendered  to  Brother 
Edgar.    This  closed  the  morning  session. 

The  afternoon  session  was  called  to  order 
at  3:15  p.  m.  In  conformity  with  the  order 
of  business,  the  National  Secretary  read  his 
report,  showing  the  affairs  of  the  associa- 
tion to  be  in  first-class  shape.  He  stated 
that  the  largest  increase  in  membership 
during  the  past  year  was  in  Texas  No.  7, 
San  Antonio.  North  Dakota  No.  2,  Fargo, 
was  credited  with  having  spent  the  most 
money  with  the  National  Association. 


SCllfiCl.  /^NO  IMOOSTRf. 


GAVfeL  OP  Hawahan  Woods. 
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There  was  a  gain  of  21  in  the  nnmber  of 
associations,  there  now  being  297  associa- 
tions in  the  United  States. 

The  National  Treasurer,  Daniel  Delaney, 
in  his  report  showed  the  total  receipts  of 
the  association  to  be  $11,318.18;  the  balance 
last  year,  $2,845.19;  expenses  during  year, 
$5,880.97;  and  the  balance  now  in  the 
treasury  to  be  $8,282.40.  This  report  was 
greeted  with  prolonged  applause  and  then 
referred  to  the  Auditing  Committee. 

There  being  a  lull  in  the  proceedings  at 
this  time,  Brother  Guenther,  of  New  York 
No.  29,  commenced  to  talk  politics  by  mov- 
ing that  the  word  *' political"  be  stricken 
from  the  preamble.  This  motion  was  ruled 
out  of  order.  Adjourned  to  meet  at  9  a.  m. 
Wednesday. 

LIFE  AND   ACX:iDSNT  DSPABTHENT. 

At  8  p.  M.  Tuesday,  September  5,  the 
meeting  of  the  Life  and  Accident  Depart- 
ment of  the  National  Association  of  Sta- 
tionary Engineers  was  called  to  order  by 
Chairman  William  Hansen.  The  roll  of 
delegates  was  then  called  and  a  quorum 
found  present.  The  Secretary-Treasurer, 
Brother  Ira  Watts,  now  read  his  report  for 
the  last  year,  which  was  adopted  as  read. 
The  Auditing  Committee  then  rendered  its 
report,  complimenting  the  Secretary  upon 
the  efficient  manner  in  which  the  accounts 
were  kept. 

The  chairman  now  relinquished  the  chair 
to  Brother  John  Trix*  A  motion  to  abolish 
all  voting  by  proxy  in  the  Life  and  Accident 
Department  was  carried.  A  motion  to 
raise  the  age  limit  to  55  years  was  lost. 
The  salary  of  the  Secretary-Treasurer, 
which  had  been  $600  per  year,  was  raised 
to  $800  per  year.  There  being  no  further 
business  before  the  house,  the  election  of 
officers  for  the  ensuing  year  was  held,  and 
resulted  as  follows:  Secretary-Treasurer,  Ira 
Watts;  Trustee,  Judson  Pratt. 

The  claim   of    a   disabled   member   for 
$500  was  duly  allowed.    The  house  then 
adjourned  sine  die  at  10:45  p.  m. 
Wednesday,  September  6, 

The  opening  feature  of  the  session  was  a 
lecture  delivered  by  William  M.  Moran, 
electrician  for  the  Belleville  and  Suburban 
Street  Railway  Company,  East  St.  Louis. 
The  subject  of  the  lecture  was  **  Electricity." 
Brother  Moran' s  lecture  was  received  with 
applause,  and  great  credit  is  due  him  for  its 
careful  preparation  and  most  able  delivery. 
At  the  conclusion  of  the  lecture,  President 
Wheeler  called  the  convention  to  order. 
The  first  order  was  the  election  of  a  reading 


clerk.  Brother  Frederick  Gielow,  of  Dli- 
nois  No.  1,  Chicago,  was  nominated  for  this 
position  and  elected  by  acclamation. 

Brother  Columbus  Dill,  Chairman  of  the 
Committee  on  Credentials,  now  read  his 
report,  recommending  the  seating  of  227 
delegates  who  had  applied  for  admission 
with  properly  attested  credentials.  He  also 
stated  that  this  was  the  largest  number  of 
delegates  that  ever  attended  a  convention 
of  the  National  Association  of  Stationary 
Engineers,  a  statement  that  was  received 
with  tremendous  applause.  The  roll  of 
delegates  was  now  read;  when  finished,  the 
Committee  on  Credentials  reported  three 
protests  against  the  seating  of  certain  dele- 
gations. Missouri  Association  No.  14,  St 
Louis,  protested  against  their  own  delegate; 
Michigan  No.  1,  Detroit,  protested  against 
their  own  association  having  4  delegates, 
their  finance  committee  claiming  that  the 
association  was  entitled  to  3  delegates 
only;  Wisconsin  Association  No.  3,  Racine, 
filed  a  protest  against  seating  delegates  from 
the  Wisconsin  No.  20,  Belle  dty  Associa- 
tion, Racine.  The  protests  were  referred  to 
the  Committee  on  Appeals  and  Qrievances. 

Chairman  Herbert  E.  Stone,  Massachu- 
setts No.  1,  Boston,  read  the  report  of  the 
Board  of  Arbitration.  The  board  decided 
adversely  to  E.  P.  Gilroy,  Deputy  State 
President  of  Michigan,  who  had  been 
removed  from  office  by  the  National  Presi- 
dent and  who  had  appealed  to  the  Board. 
It  also  decided  that  Wisconsin  Association 
No.  3,  Racine,  had  no  just  grounds  for 
their  protest  against  Wisconsin  No.  20, 
Belle  City  Association,  Racine.  The  Board 
reported  that  the  complaint  registered  by 
New  York  No.  5  against  New  York  No.  15 
was  still  under  investigation,  and  that  a 
decision  would  be  rendered  as  soon  as  the 
Board  could  get  all  the  ^ts. 

The  report  of  the  Board  of  Arbitration 
was  now  referred  to  the  Committee  on 
Appeals  and  Grievances  for  further  action. 
J.  G.  Beckerleg,  Chairman  of  the  Committee 
on  Transportation,  read  his  report,  which 
was  adopted  as  read. 

The  Committee  on  Education,  through 
its  chairman.  Brother  Chas.  H.  Fox, 
presented  its  report.  It  advised  the  asso- 
ciation that  in  the  educational  contest 
carried  on  during  the  last  year  the  prizes 
had  been  awarded  as  follows: 

First  prize,  Iowa  Association  No.  8,  Sioox 
City,  99  i)er  cent. 

Second  prize,  Louisiana  Association  No.  1, 
New  Orleans,  98  per  cent. 
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Third  prize,  MassachuBetts  Association 
No.  17,  Lowell,  91.41  per  cent. 

Fourth  prize,  Ohio  Association  No.  45, 
Canton,  90.27  per  cent. 

Individoal  honors  had  been  awarded  to 
J.  8.  Gillespie,  of  Philadelphia,  Pa.,  and 
H.  H.  Garman,  of  Akron,  Ohio.  The  chair- 
man advised  the  delegates  that  suitably 
engrossed  diplomas  had  been  forwarded  to 
each  of  the  associations  named.  The  report 
having  been  adopted,  the  report  of  the  Com- 
mittee on  Analysis  and  Distribution  was  read 
and  referred  to  the  Committee  on  Ways  and 
Means  for  further  consideration. 

After  an  explanation  of  the  present  status 
of  the  case  of  the  National  Association  of 
Stationary  Engineers  against  the  Bond 
Company  on  the  bond  of  the  former 
Secretary,  Dutcher,  who  has  defaulted  in 
the  sum  of  $1,300,  the  convention  adjourned 
to  meet  again  on  Thursday. 

The  afternoon  of  Wednesday  was  given 
over  to  sightseeing.  The  local  Arrange- 
ments Committee  had  provided  for  a  trip  to 
the  St.  Louis  breweries,  special  cars  having 
been  placed  at  the  disposal  of  the  delegates 
and  guests.  After  a  delightful  ride,  the 
Lemp  brewery  was  inspected,  where  suit- 
able refreshments  were  served  and  the 
delegates  presented  with  fans  and  other 
useful  souvenirs.  The  convention  now  pro- 
ceeded to  the  home  of  Mayor  Ziegenhein, 
where  an  impromptu  reception  was  held. 
Then,  His  Honor  the  Mayor  leading,  the 
Anheuser-Busch  breweries  were  inspected. 
Here  the  photograph  of  the  del^ates  was 
taken.  Through  the  courtesy  of  Mr.  Rosch, 
a  photographer  of  St.  Louis,  we  were  enabled 
to  get  a  copy  in  time  for  publication  in  this 
issue.  Before  leaving,  refreshments  were 
served  and  a  suitable  souvenir  presented  to 
all  del^ates  and  guests. 

The  evening  was  given  up  to  a  grand 
suburban  theater  party,  tendered  by  the 
Brotherhood  of  Stationary  Engineers  of 
St.  Louis  in  honor  of  the  National  Associa- 
tion of  Stationary  Engineers,  which  was 
under  the  direction  of  the  following  com- 
mittee from  the  Brotherhood  of  Stationary 
Engineers:  Edward  Cole,  T.  G.  Williams, 
E.  C.  Parker,  W.  E.  Lyng,  and  C.  H.  Joyce. 
Special  cars  had  been  provided  for  the  use 
of  delegates  and  guests,  and  a  very  enjoyable 
evening  was  spent,  which  was  due  to  the 
efforts  of  the  Committee  on  Arrangements. 
Thursday,  September  7. 

The  convention  opened  at  9  a.  m.  with  a 
*lecture  on  "Pneumatics,"  by  Prof.  J.  H. 
Kenealy,  Department  of  Mechanical  Engi- 


neering, Washington  University,  St.  Louis, 
Mo.  The  lecture  was  a  very  able  one,  and 
the  delegates  and  guests  present  manifested 
great  interest  in  it.  In  the  course  of  his 
lecture.  Professor  Kenealy  gave  a  full  de- 
scription of  the  compressed-air  system  of 
the  Metropolitan  Street  Railroad  Company, 
New  York,  N.  Y.  The  convention  was  now 
called  to  order  by  President  Wheeler,  and 
the  Committee  on  Ways  and  Means  reported. 
This  report  was  referred  back  to  the  com- 
mittee for  further  consideration.  The  Com- 
mittee on  Education  followed,  and  in  their 
report  recommended  the  addition  of  a 
common-school  curriculum  to  the  educa- 
tional work  now  carried  on.  The  report 
was  laid  on  the  table.  The  Committee  on 
Ritual  reported  progress. 

Next  in  order  was  the  report  of  the  Com- 
mittee on  Appeals  and  Grievances  on  the 
Gilroy  case.  As  this  case  attracted  consid- 
erable attention,  a  short  r^sum^  will  proba- 
bly be  appreciated  by  our  readers.  Brother 
E.  P.  Gilroy,  Michigan  No.  1,  Detroit,  a 
year  ago  was  appointed  Deputy  President 
for  the  State  of  Michigan  by  National 
President  Wheeler.  At  that  time  Brother 
Gilroy  was  a.  running  engineer,  but  some 
time  before  the  expiration  of  his  term  of 
office  he  left  his  position  as  engineer  to 
accept  a  better  position.  Brother  Gilroy 
communicated  with  President  Wheeler  and 
was  informed  that  his  commission  would 
be  revoked  if  he  ceased  to  be  a  running 
engineer.  Gilroy  appealed  to  the  local 
associations  of  Michigan,  all  but  one  of 
them  requesting  his  continuance  as  Deputy 
President.  Resolutions  to  this  effect  were 
passed  and  forwarded  to  President  Wheeler. 
Yet,  in  spite  of  this  action,  the  President 
saw  fit  to  revoke  the  commission  of  Brother 
Gilroy,  who  appealed  from  the  decision  to 
the  Board  of  Arbitration.  This  Board,  as 
mentioned  in  the  report  of  Wednesday's 
proceedings,  sustained  the  action  of  the 
President.  The  matter  being  referred  to 
the  Committee  on  Appeals  and  Grievances, 
a  majority  report  reversing  the  decision  of 
the  President  was  rendered.  This  report, 
in  favor  of  Brother  Gilroy,  was  finally 
adopted.  On  a  vote,  the  delegates  by  an 
overwhelming  'majority  decided  that  the 
stand  taken  by  the  President  did  not  meet 
with  the  approval  of  the  convention.  Thus 
the  precedent  was  established  that  the  mere 
fact  of  an  appointed  officer  changing  his 
position  for  a  different  one  in  another  line 
of  business  was  not  sufficient  cause  for 
removal.     The    Mileage  Committee    now 
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rendered  its  report,  statiDg  that  the  totel 
milefl  (raveled  by  delegates  to  this  conven- 
tion were  173,605,  exceeding  by  60,000  miles 
the  mileage  of  any  prevJooa  convention. 
They  alao  recommended  that  the  mileage 
be  fixed  at  4j  cents  per  mile.  The  report 
was  referred  back  to  the  committee  for  fur- 
ther consideration. 

At  12  o'clock  sharp,  three  delegates  bore 
into  the  hall  a  handsome  clock  enrmoonted 
by  a  carved  figure,  and  two  elaborate 
candlesticks.  Brother  J.  H.  Harris,  of 
Chicago,  in  a  neat  little  speech,  presented 
the  articles  to  President  Wheeler  in  appre- 
ciation of  his  services,  the  present  being 
made  by  the  del^ates  and  gnests.  A  com- 
mittee Tas  now  despatched  to  find  Mrs. 
Wheeler  and  escort  her  to  the  rostrum. 
This  having  been  done,  President  Wheeler 
responded  to  the  presentation,  accepting 
the  gifts  and  thanking  the  donors  for  their 
generosity. 

A  vote  of  tlianks  was  now  tendered  to  the 
Brotherhood  of  Engineers  of  St.  Louis,  who 
entertained  the  convention  Wednesday 
night  at  the  Suburban  Garden.  The  meet- 
ing then  adjourned  till  9  a.  m.  Friday,  Sep- 
tember B. 

For  the  afternoon  the  local  committee 
bad  arranged  for  an  excuTsion  up  and  down 
the  river.  At  2  p.  u.,  the  fine  excursion 
steamer  City  of  Providence  left  the  foot  of 
Olive  Street  with  about  600  delegates  and 
guests,  passing  under  the  Eada  bridge  and 
Merchants'  bridge  and  going  up  the  river  as 
far  as  the  Chain  of  Rocks.  Here  it  was 
intended  that  a  landing  should  be  made  to 
inspect  the  water-works  plant.  Unfortu- 
nately, the  river  was  so  low  that  the  pilot 
deemed  it  unsafe  to  attempt  to  make  a 
landing.  The  boat  now  dropped  down  the 
river  for  about  10  miles,  and  then  returned 
to  the  city,  landing  its  passengers  at  6:30 
p.  M.  At  7:30  p.  M.  the  boat  started  out 
again  for  a  moonlight  trip  on  the  river, 
returning  about  10  p.  h. 

Fridai/,  Septrmber  8. 

The  day  opened  with  a  lecture  on  "Arti- 
ficial Befrigeration,"  by  Mr.  Otto  Luhr,  ol 
Illinois  No.  3S,  Chicago.  Brother  Luhr 
gave  a  talk  of  about  an  hour's  duration, 
which  was  listened  to  attentively  by  a  \ttx%% 
and  appreciative  audience.  At  10  p.  u.. 
President  Wheeler  called  the  convention  to 
order.  The  Committee  on  Ritual,  through 
its  chairman,  Brother  Wallis,  reported  in 
favor  of  abandoning  the  present  elaborate 
ritual,  and  returning  to  the  old  ritual  in  use 
in  1896.    After  considerable  discussion,  the 


report  was  concurred  in  by  a  vote  of  99  to 
42.  The  Ways  and  Means  Committee  now 
rendered  its  final  report,  which  was  taken 
up  section  by  section.  The  committee 
recommended: 

1.  That  the  officers  of  the  association 
should  try  to  collect  on  the  bond  of  default- 
ing Secretary  Dutoher,  instead  of  prose- 
cuting the  defaulter.  This  refmmmendation 
was  not  concurred  in,  inasmuch  as  the  case 
was  already  in  the  courts. 

2.  That  a  propagation  fund  of  $500  be  set 
aside,  as  recommended  in  the  President's 
address.    Concurred  in. 

3.  That  the  course  adopted  in  regard  to 
Brother  Weston,  who  was  dischai^ed  from 
his  position  tor  refuaing  to  join  a  labor 
union,  be  approved.    Concurred  in. 

4.  That  the  sum  of  $1,000  be  appropriated 
for  the  use  of  the  National  License  Com- 
mittee.   Not  concurred  in. 

6.  That  the  per  capita  tax  rem&in  at 
50  cents  per  year.    Concurred  in. 

6.  That  the  reduction  of  percentage  re- 
ceipts from  the  "National  Engineer," 
approved  by  the  trustees,  be  ajqiroved  by 
the  convention.    Concurred  in. 

7.  That  the  improvements  suggested  by 
the  Educational  Committee,  and  (he  addi- 
tion of  a  common-school  curriculum,  be 
approved.  First  section  concurred  in. 
Amplification  of  educational  system  not 
concurred  in. 

8.  That  no  changes  be  made  in  the  con- 
stitution.   Concurred  in. 

5.  That  the  recommendation  of  the 
President  in  regard  to  state  BSso(nationB  be' 
not  approved.  Ruled  out  on  a  point  of 
order  and  conBtitational  grounds. 

At  the  conclusion  of  the  consideration  of 
the  report  of  the  committee,  V»A  Preaident 


Gavel  Presented  to  PmBUDsNT  Whiblsb. 

Lane  stepped  forward,  and  on  behalf  of 
Rhode  Island  Association  No.  1,  Providence, 
presented  President  Wheeler  with  a  hand- 
some gavel,  the  head  of  which  represented 
what  Brother  lAne  facetiously  referred  to 
as  the  national  flower  of  Rhode  Island,  to 
wit,  a  clam.  After  a  suitable  response  had 
been  made,  the  Committee  on  Appeals  and 
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GrievuiceB,  in  the  case  of  MiBsoari  No.  14, 
recommended  that  the  alternate  be  seated 
instead  ot  the  del^ate.  Brother  J.  W. 
Wood,  the  del^ate  in  questioD,  waa  then 
accorded  the  privilege  of  the  floor,  and  in 
an  eloquent  speech  made  an  excellent 
defense  against  both  the  report  and  the 
protest  on  which  it  waa  based.  As  a  result, 
the  recommendation  of  the  committee  was 
not  concurred  in,  and  Brother  Wood  waa 
seated  as  a  del^ate. 

In  the  case  o(  Wisconsin  No.  3  against 
WiacoDBin  No.  20,  the  committee  report«d 
that  the  matter  had  been  settled  amicably 
by  both  parties.  The  convention  then 
adjoorned. 

The  afternoon  session  was  called  to  order 
at  2  p.  M.  The  Committee  on  Mileage  not 
being  ready  as  yet  to  render  its  final  report, 
by  unanimous  consent  the  matter  of  select- 
ing a  place  of  meeting  for  the  nineteenth 
annnal  convention  was  taken  up.  The 
following  citiei  contested  for  the  honor: 
Atlanta,  Ga.;  Cleveland,  Ohio;  Detroit, 
Mich.;  Milwaukee,  Wis.  A  letter  waa  alao 
read,  aaking  that  the  1001  convention  be 
held  at  Buffalo,  N.  V.  Milwaukee  being 
the  first  city  voted  on,  it  was  chosen 
nnanimoualy. 

The  Committee  on  Mileage  was  again 
called,  but  atill  not  being  ready,  by  unani- 
moos  consent  the  election  of  officers  was 
proceeded  with,  which  resulted  aa  follows: 
President,  Herbert  E.  Stone,  University 
Hall,  Cambridge,  Mass.,  member  of  Maasa- 
chosetts  No.  12,  Boston.  Vice-President, 
Patrick  E,  Leahy,  167  Twelfth  Street,  Long 
Island  City,  N.  Y.,  member  of  New  York 
No.  7,  New  York.  Secretary,  Geo.  D.  B.  Van 
Taseell,  501  Wella Street,  Chicago,  111.,  mem- 
ber of  Illinois  No.  1,  Chicago.  Treasurer, 
Daniel  Delaney,  Idlewild,  Cincinnati,  Ohio, 
member  of  Ohio  No.  36,  Cincinnati.  Con- 
ductor, C.  C.  Eieaaaer,  1133  Pierce  Street, 
San  Franciaco,  member  of  California  No.  1, 
San  Francisco.  Doorkeeper,  C.  W.  Fellowa, 
1805  San  Jacinto  Street,  Houston,  Texaa, 
paember  of  Texaa  No.  6,  Houston.  Trustee 
of  "National  Engin6er,"  Frank  Eardley, 
1502  Market  Street,  St.  Louis,  Mo. 

The  Committee  on  Mileage  now  made  its 
final  report,  which  was  adopted  as  read.  A 
vote  of  thanks  was  extended  to  the  manage- 
ment of  the  Soutbern  Hotel,  and  the  local 
committee  for  the  conrtesies  shown.  A 
standing  vote  of  thanks  was  given  to 
retiring  Secretary  Naylor  in  appreciation  of 
tlie  able  manner  in  which  he  had  per- 
formed   hia    onerous   duties.      After    the 


installation  of  officers,  by  Past  President 
John  W.  Lane,  the  convention  adjourned 
fine  die. 

THB   NATIONAL  OFFlCBRa. 

Wiliiam  T.  WlueUr,  FaM  Prettdent. 
Past  National  President  W.  T.  Wheeler, 
who  has  just  concluded  bis  term  of  office 
as  President,  waa  bom  in  CbMs,  Me., 
August  24, 1864.  He  received  hia  education 
in  the  public  sidiools  and  night  schools. 
He  began  life  in 
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shops  of  the 
Angel  &  Blake 
Mannfactnring 
Company,    New 
York,  N.Y.      In 
1879  he  entered 
the  employ  of 
the  Eqnitable 
Life   Assurance 
Society,  where 
his    ability    was 
recognised   by 
steady    advance- 
ment until  be  became  the  aaeiistant  engi- 
neer of  the  Equitable   Building,    one   of 
the  largest  and  most  important  plants  in 
New  York  City.    Thia  position  he  recently 
left  to  become  chief  engineer  of  the  New 
York   Life    Building,  346-348   Broadway, 
NewYork.N.Y.,  a  position  of  great  respon- 
sibility.   He  is  a  member  of  the  Pboenix 
Association,  New  York  No.  24,  New  York 
City,    of  which    association  he   has  been 
Vice-President  and  has  repeatedly  been  a 
del^ate.    For  one  year  he  was  the  Deputy 
President  for  New  York  State,  a  position 
which  be  filled  with  credit  to  himself  and 
the  order. 

At  the  Columbus  Convention,  1897,  be 
was  chosen  National  Vice-President,  and  at 
the  Pittsburg  Convention,  in  1898,  he  waa 
elected  National  President,  a  position  be 
filled  with  credit  to  himself  and  with  profit 
to  the  association. 

Herbert  E.  Stone,  National  Pretideat. 

National  President  Hert>ert  E.  Stone,  of 
Cambridge,  Mass.,  waa  born  April  16,  1662, 
in  the  town  of  Bethel,  Oxford  County,  Me. 
In  conformity  with  the  old  aaying,  "Like 
father,  like  son,"  his  father  having  been  a 
mechanic,  he  at  an  early  age  entered  the 
machine  ahop  of  a  large  corporation.  At 
the  age  of  19,  in  order  to  gain  experience 
in  a  different  line  of  mechanical  pursuits, 
he  entered  a  large  houee  in  Boston  making 
a  specialty  of  installing  latge  power  and 
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heating  planta.    He  remuned  for  nine  yeara 
with   tbia  coDcern,  adding   daily    to    hia 
knowledge,  and  rising,  step  by  step,  until 
be  was  given  charge  of  (he  installation  of 
varioiu  firat-class  power  plants  throughout 
New  England. 
In  1886, 1887,  and 
1888  he  was  en- 
gaged at  Welles- 
ley  College   and 
Harvard  Univei^ 
eity,  installing 
their  respective 
heating  and  ven- 
tilating plants. 

In  1888  he  was 
placed  in  charge 
of  tbe  plant  of 
one  of  tbe  lai^eat 
and  most  com- 
plete brewerira  in  Boston.  He  leh  this 
position  to  accept  one  aa  chief  engineer 
of  the  House  of  Correction  of  Middlesex 
County,  Mass.  After  serving  four  years  at 
that  place,  he  was  appointed  chief  engineer 
of  Harvard  University,  Cambridge,  Mass.,  a 
podtion  he  is  holding  at  present.  There 
are  forty  university  buildings,  and  in  all 
of  them  tbe  lighting,  heating,  and  ventila- 
tion ie  under  the  supervision  of  Mr.  Stone. 
On  May  2, 1894,  Mr.  Stone  became  a  charter 
member  of  tbe  organization  now  known 
as  Massachusetts  No.  12,  Boston.  He  was 
immediately  appointed  on  the  OfBce  and 
Library  Committee,  and  at  the  annual 
election  held  in  December,  1894,  he  was 
elected  President  of  tbe  association,  and 
served  his  full  term.  In  1606  he  was 
National  Deputy  President,  and  since  that 
was  appointed  Deputy  President  for  the 
State  of  Massachusetts.  He  was  also  elected 
a  member  of  the  Board  of  Trustees  of  the 
"  National  Engineer,"  but  resigned  this 
office  upon  his  election  as  National  Vice- 
President  at  the  convention  held  in  Pitts- 
burg in  1608.  The  National  Association  of 
Stationary  Engineers  has  shown  its  appre- 
ciation, both  of  his  faithful  services  in  that 
capacity  and  the  efficient  management  of 
his  office,  by  unanimously  electing  him 
President  for  the  ensuing  year. 

Patrick  E.  Leahy,  Nationcd  Vke-Preiident. 

The  story  of  the  life  of  the  National  Vice- 
President  does  not  differ  materially  from 
tbatof  all  other  euccesBful  men.  Compelled 
early  in  life  to  earn  his  own  living,  he 
started  as  an  apprentice  in  a  machine  shop. 
Like  many  of  the  brightest  engineers  this 


country  haa  produced,  whose  early  steam- 
engineerit^  experiences  were  gained  on  the 
water,  he  followed  the  sea  for  a  living  for 
quite  a  while.  The  quality  of  self-reliance 
BO  predominant  in  tbe  successful  marine 
engineer,  stood  him  in  good  stead  when  be 
abandoned  the  sea  for  a  shore  job,  and  in 
no  unall  measure  contributed  to  bis  steady 
advancement  in  his  chooen  profession.  As 
early  as  1684,  be  recc^nized  the  future 
importance  of  the  electrical  field  and  tbe 
necessity  of  a  thorough  knowledge  of  elec- 
trical work  for  one  that  desired  to  stand  in 
tbe  front  ranks  of  steam  ei^neering.  With 
the  same  enei^y  that  characterizes  all  hie 
undertakings,  he  set  himself  to  work  to 
master  the  details  of  electrical  work  in  its 
relation  to  steam  engineering — on  under- 
taking in  which  be  bos  been  as  succeesful 
as  in  all  others.  He  is  now  engaged  in 
that  line  of  work,  holding  one  of  the  beet 
positions  in  the  East.  He  early  became 
identified  with  the  National  Association  of 
Stationary  Engineeraj  he  is  now  President 
of  New  York  No.  7,  James  Watt  Association, 
New  York  City. 

Danid  DtUmey,  National  Treatarer. 
National  Treasurer  Daniel  Delaney  was 
bom  in  Covington,  Ky.,  in  1866.    Through 
tbe  death  of  his  father  he  was  thrown  on 
his  own  resources  when  but  ten  years  old, 
and  had  not  only  to  support  himself,  but 
also  to  assist  in  the  core  of  his  mother.    For 
some  years  he  worked  steadily  in  factories 
and  stores,  and  all  his  spare  time  woe  spent 
in  studying  engineering,  partly  at    home 
and   partly  at  night  school.    In  1872  he 
obtained  a  position  as  machiniet  in   the 
repair    depart- 
ment of  a  round- 
house, and   soon 
thereafter   en- 
engineering. 
Later  he  waa 
placed  in  charge 
of  the  water  sta- 
tions   of    a    rail- 
road.   Id  1884  he 
was  placed    in 

engines  of  the 
Cincinnati  Rail- 
way Steam  Hoiet,  with  headquarters  at  Cin- 
cinnati. Nine  years  ago  he  accepted  hia  pr«s- 
ent  position  as  engineer  for  the  P.  £ckert 
Company,  a  large  candy  establiefameDt. 
About  fourteen  years  ago.  Brother  Delaney 
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joined  Ohio  Association  No.  2,  CincinDkti. 
While  a  member  of  that  aseociation  he 
held  the  offices  of  CorreEpODding  and  of 
Financial  Secretary,  and  was  a  del^ate 
to  several  conventions.  Under  National 
President  Illingworth  he  held  the  office  of 
State  Deputy  President,  and  under  Preudent 
Naylor,theofficeofI>i8trictDeputy.  Nearly 
Biz  years  ago  Brother  Delaney  and  several 
other  members,  believing  that  Giving  to 
local  cooditions  another  association  in  Gin- 
oinnati  would  further  the  interests  of  the 
National  Association,  organized  Ohio  No.  36, 
Excelsior  Association.  Brother  Delaney 
was  twice  elected  President  of  this  associa- 
tion, and  ever  since  has  been  the  Corre- 
sponding Secretary.  Brother  Delaney  has 
always  been  a  diligent  student  of  engineer- 
ii^,  until  today  he  is  one  the  best  informed 
men  in  the  profession.  Hie  example  has 
been  nobly  followed  by  the  other  members, 
as  evidenced  by  the  fact  that  Excelsior 
Association  received  the  first  diploma  in 
the  first  educational  contest  inangnrated  by 
the  National  Association  of  Stationary 
Engineers.  Brother  Delaney  was  elected 
National  Treasurer  at  the  convention  held 
at  St.  Paul,  Minn.  He  was  reelected  at 
Buffalo,  N.  Y.;  ColnmbuB,  Ohio;  Pittsburg. 
Pa.;  and  St.  Louis,  Mo. 

Geo.  D.  B.  Van  TtuseU,  National  Sfcrdary. 

On  October  18,  1859,  there  was  bom  at 
Oanandaigua,  N.  Y.,  of  the  good  old  Holland 
stock  spoken  of  by  Washington  Irying, 
a  boy  who  lived  to  become  the  secretary 
of  the  greatest  engineering  association  in 
the  United  States.  His  boyhood  was  spent 
both  at  Elmira  and  Watkins,  N.  Y.  In 
1869  his  parents  moved  West,  locating  near 
Jackson,  Mich^n.  When  fifteen  years  of 
age  he  secured  his  first  position,  serving  as 
fireman  in  a  custom  flour  mill  at  Jackson. 
During  the  winter  months  he  attended 
school,  and  at  the  age  of  seventeen  he 
secured  a  position  as  clerk  in  a  store,  but 
having  histrionic  ambitions,  the  life  of  a 
clerk  proved  too  tame.  Hence,  within  a 
short  time  he  went  to  Chicago  and  tried 
life  on  the  st^e,  but  alter  18  months  of 
hardship  of  the  most  distressing  character, 
turned  his  back  forever  on  that  profession. 
Brother  Van  Tassell  candidly  states  that  it 
is  bis  impression  that  the  profession  has 
suffered  but  very  little  from  the  dimming 
of  so  bright  a  star  as  himself,  and  so  far  as 
he,  personally,  is  concerned,  his  meals  have 
been  a  great  deal  more  regular  since  he  quit 
the  stage.    He  next  went  back  to  firing. 


and  soon  tried  his  hand  at  locomotive  ei^- 
neering,    remaining    at    railroading   until 
1683,  when  he  became  associated  with  the 
mechanical    department   of   the    Railway 
Exposition  held  at  Chicago,  being  placed  in 
charge  of   the 
boilers  furnish- 
ing steam  for  the 
first  electric  rail- 
way in  this  coun- 
try. Hewasgiven 
the  position  of 
night  engineer  by 
the  Exposition 
Company  for  two 
seasons,  spending 
the  time  between 
seasons  on  the 
locomotive.      He 

the  shops  of  the  Sperry  Electric  Company, 
and  while  with  them  helped  to  install  the 
central  lighting  station  which  supplied  the 
first  electric  l^ht  to  the  Chicago  "Tribune." 
He  next  secured  a  position  on  the  engi- 
neering staff,  but,  the  station  burning  down, 
he  went  back  to  the  Sperry  shops,  after- 
ward leaving  them  to  accept  a  position  as 
engineer  with  the  Standard  Oil  and  Pro- 
vision Company.  Within  a  short  time  he 
secured  a  better  position  as  engineer  and 
machinist  for  the  Anglo-American  Paint 
and  Color  Company.  From  there  he  went 
in  a  like  position  with  the  Wadswarth- 
Howland  Company,  leaving  them  on  re- 
ceiving an  appointment  as  Chief  Engineer 
of  the  South  Dale  Building,  Chicago.  This 
position  he  relinquished  to  accept  a  position 
as  chief  engineer  with  the  Western  Wheel 
Works,  which  be  now  holds.  Brother  Van 
Tassell  hasalwaysbeenof  asludious turn  of 
mind,  having  burnt  no  small  quantity  of 
midnight  oil  in  his  pursuit  of  engineering 
knowledge. 

C.  C.  Blsaeier,  National  CandadOT. 
National  Conductor  C.  C.  Elsasser  was 
bom  June  1,  1S67,  at  Baltimore,  Md.  In 
the  spring  of  the  succeeding  year  bis  parents 
moved  to  California,  settling  in  San  Fran- 
cisco, where  Brother  Elsasser  was  educated 
in  the  public  schools,  graduating  from  them 
with  high  houors  in  1881.  In  1882  he  was 
apprenticed  to  the  machinist's  trade.  Fully 
recognizing  the  value  of  an  education  as  a 
lever  for  promotion,  he  steadily  attended 
evening  school  during  the  course  of  his 
apprenticeship.  Attracted  by  the  fasci- 
nation of  a  marine-engineer's  life,  he  got  a 
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berth  as  oiler  on  the  Pacific  mail  Bteamehip 
at;    of   Kew   York    in    1885.      By  cloee 
attention  to  bis  duties,  he  npidly  roee  to 
the  poBition  of  aeoond  aseiBtant  engineer  of 
ocean  aleamers.      He  left  the   S.  S.    San 
Juan    of    the 
Pacific    Mail 
Steamship   Com- 
pany  in  AngUBt, 
1890,  to  accept  a 
poflition  on  shore, 
and  in  April,  1S»1, 
entered  the  em- 
ploy of  the  Cal- 
ifornia Electric 
Light  Company, 
now  known  as  the 
San  Francisco  Gas 
andElectricLight 
Company,  where 
he  holds  at  preeent  the  position  of  engineerin 
what  is  probably  the  largest  central  station 
of  the  West.    While  in  the  discharge  of  his 
duties,  Brother  Elsasser  had  the  miefortnne 
to  lose  his  right  arm,  on  January  7,  1807. 
Being  a  member  of  the  life  and  accident 
department,  he  received  the  benefits  accru- 
ing to  him  nnderthe  constitution.    On  Janu- 
ary 29, 1891,  he  became  affiliated  with  Cali- 
fornia No.  1,  San  Francisco  Association.   The 
esteem  in  which  he  is  held  by  the  members 
was  shown  by  bis  election  to  various  offices 
of  trust,  until  in  1898  the  association  honored 
itself  and  him  by  electing  him  President. 
He  is  also  affiliated  with  the  Marine  Engi- 
neers' Beneficial  Association,  being  a  mem- 
ber of  No.  35. 

C.  W.  Eeltom,  NaiionalJ>owkeeper. 
National  Doorkeeper  C.  W.  Fellows  was 
bom  November  9, 1667,  at  Ashtabula,  Ohio. 
In  1871  his  par- 

Kansae.  When 
old  enough  to 
choose  for  him- 
self, he  followed 
the  bent  of  his 
inclination  and 
engaged  in  steam 
engineering,  soon 
taking  up  elec- 
trical work.  His 
hard  application 
to  daty,  and  the 
success  crowning 
all  hia  efforts,  due  to  his  superior  technical 
knowledge,  being  recognized  by  his  superi- 
ors, he  was  rapidly  advanced,  and  while  still 


a  young  man  was  appointed  engineer  and 
electrician  for  the  Electric  Light  and  Water 
Company  of  McPhereon,  Kansas.  This 
position  he  filled  with  credit  to  himself 
and  profit  to  the  company.  In  1893  he 
relinqnished  his  poeition  and  moved  to 
Houston,  Texas.  He  soon  foand  a  position 
suitable  to  his  attainments,  receiving  the 
appointment  of  chief  engineer  and  elec- 
trician of  the  Houston  Printing  Company,  a 
position  he  has  held  for  the  last  five  years 
and  is  holding  at  present.  He  early  became 
a  member  of  the  National  Association  of 
StaUonary  Engineers.  Theeeteem  in  which 
he  is  held  is  evidenced  by  his  serving  last 
year  as  State  Deputy  President  of  Texaa. 
Like  all  successful  men  in  the  engineering 
line,  he  spent  all  his  spare  time  in  study. 
He  attributes  his  sncoess  entirely  to  bis 
close  application  to  study,  stating  that  his 
perseverance  in  this  direction  has  been  the 
means  of  advancing  him  to  his  present 
position  and  standing  in  his  chosen  pro- 
Front  Ear^,  TrutUe. 
The  term  of  Frank  Eardley,  trustee  of  the 
"  National  Engi- 
neer," expiring 
in  1899,  he  was 

reelected  for 
another  term. 
Brother  Eardley 
is  now  36  years 
old.  He  com- 
menced lite  as  a 
machinist,  work- 
ing at  that  trade 

in    Philadelphia, 

until  he  attained 

the  age  of  21  years.  Following  his  inclina- 
tions, he  chose  steam  engineering  as  bis  life 
work,  and  hasbeenengaged  at  it  ever  since, 
gradually  rising  step  by  step.  In  1889  he 
entered  the  employ  of  the  Philibert  & 
Johanning  Manufacturing  Company,  St. 
Louis,  Mo.,  where  he  is  now  employed 
as  chief  engineer.  Brother  Eardley  is  a 
member  of  Missouri  No.  2,  St.  Louis.  The 
members  of  that  association,  in  reeognitioD 
of  his  sterling  int^rity,  honored  him  and 
themselves  by  electing  him  President  in- 
1896,  1696,  and  1897.  He  is  one  of  the 
mort  popular  engineers  in  the  city  of 
St.  Louis,  and  an  earnest  and  indelatig&ble 
worker  for  the  National  Association  of 
Stationary  Engineers.  As  chairman  of  the 
local  Committee  on  Arrangements  at  St. 
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Lonia,  he  largely  helped  to  make  ihe  last  ment«  for  the  delegates  aod  guests  to  be 

conventioD  a  suoceae,  and  pniee  is  dtte  him  carried  out.    Socially,  be  is  very  prominent 

for  the  efficient  manner  in  which  he  caused  in  St.  Louia,  and  he  ia  alao  a  member  of  the 

all  the  featnra  of  the  various  entertain-  Knights  Templan  and  Knights  of  Pythias. 
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Maurice  M.  Slonn, 

t  BRntaaa — Charactrk  of  Tkohsbs  Employed — Dbad  a 


>  LtvK  Loads  . 


PABt  IVI, 

rHE  first  exigency  of  a  community  is  suit-  new  proviMon  to  be  made,  while  the  present 

able  highways,  by  which  communication  financial  condition  of  the  community  does  not 

may  be  had  with  neighboring  commnni-  allow  the  erection  of  an  expensive  structure 

'  T  the  transaction  of  bosinees,  for  social  to  take  care  of  the  possible  growth  of  traffic. 


interconrse,  or  for  the 
bcilitation  of  Uiiittvy 
operations.  Now,  the 
fint  requisite  of  a  good 
highway  is  that  the 
bri<^^  en  ronte  are 
capable  of  snstaituog 
and  transmitting  the 
heavieat  traffic  that 
will  pass  over  thehigh- 
way,  either  probable 
or  poesible. 

The  highway  bridge 
is  of  as  andent  origin 
as  the  highway  itself, 
and  forma  today,  as  it 
did  in  former  times, 
an  interesting  problem 
for  the  conatmctor. 
In  fkct,  of  late  yean 
highway  bridges  have 
evidenMd  much  skill 
in  their  design,  the 
exercise  of  which  was 
necessary,  owing  to  the 
conditions  of  extreme 
economy,  probability 
of  loading,  and  appear- 
ance that  bad  to  be 
attained. 

High  way  bridges  are 
constructed  of  stone, 
iron  or  steel,  and  wood. 
The  former  material 
is  the  most  enduring, 
while  the  latter  is  the 
cheapest  and  best 
adapted  to  new  and  rapidly  growing  coun- 
tries where  timber  is  easily  obtainable.    In 
sachdistricts,  the  probable  increase  of  traffic 
in  the  coone  of  a  decade  or  so  will  require 


A  fromed,  or  truMed, 
__  bridge — the  form  gen- 
erally adopted  in  the 
f^  constmcttOD  of  wood- 
~' en  bridges — is  com- 
'  posed  of  two  or  more 
^  tmssea  which  lie  in 
vertical  planea,  parallel 
to  the  line  of  the  road. 
The  upper  and  lower 
members  are  called  the 
npper  and  lower  chords. 
-;  In  a  simple  bridge 
tmss,  the  upper  chord 
is  in  compresaion,  and 
the  lower  in  tension, 
i  while  the  vertical  and 
~  obliqne  members  in 
the  web  are  in  com- 
pression and  tension. 
Tmss  bridges  may  be 
classified  as  through, 
deck,  and  pony.  A 
through  bridge  is  one  in 
which  the  roadway  ia 
carried  on  the  low« 
chorda,  and  the  travel 
paasee  between  the 
two  trusses,  which  are 
braced  to  each  other 
at  the  top  and  bottom. 
A  deck  bridgt  carries 
the  roadway  on  the 
top  chords,  and,  as  the 
roadway  extends  over 
them,  the  trusses  may 
be  placed  nearer  to- 
gether than  when  employed  in  the  through 
bridge.  The  trusses  of  a  through  bridge 
that  lack  sufficient  height  to  allow  of  lateral 
bracing  across  the  top  are  called  poity  tnutet. 
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Such  bridges  are  braced  by  the  floor  system, 
and  most  necessarily  be  of  short  span.  These 
several  classes  of  bridges  are  shown  at  (a), 
(6),  and  (c),  Fig.  67. 

The  trasses  generally  employed  in  highway 
bridges  of  low  cost  are  the  Howe  and  Pratt, 


diagrams  of  which  are  shown  at  (a)  and  (6) 
in  Fig.  68.  Those  members  shown  with 
heavy  lines  are  in  compression,  and  those 
with  light  lines  are  in  tension,  with  such 
exceptions  as  will  be  explained  later. 

In  the  design  of  highway  bridges,  two 
loads  are  considered  as  acting  vertically — ^the 
live  and  dead  loads.  The  vertical  trasses 
are  designed  to  sastain  the  maximum  stresses 
created  by  these  loads.  The  bridge,  besides 
carrying  the  vertical  loads,  most  resist  the 
horizontal  force  of  the  wind,  and  in  order 
that  it  may  do  so,  the  trasses  are  braced  to 
each  other,  usaally  at  the  top  and  bottom 
chord  panel  points,  with  lateral  bracing. 
The  panel  points  are  where  the  oblique  and 
vertical  members  connect  with  the  top  •or 
bottom  chords,  and  a  padl^  is  the  space 
between  two  such  points. 

The  floor  system  of  a  bridge  consists  of 
the  floorbeams,  stringers,  and  flooring.  The 
floorbeams  run  at  right  angles  to  the  line  of 
travel,  or  perpendicular  to  the  run  of  the 
trusses,  and  are  usually  laid  on  or  secured 
to  ■  the  chords  at  the  panel  points.  The 
stringers  run  parallel  with  the  trusses,  and 
are  hung  from,  or  laid  upon,  the  top  of  the 
floorbeams.  The  stringers  support  the  road^ 
way,  usually  of  planks  in  highway  bridges 
of  wood.  Reference  to  Fig.  69  will  simplify 
some  of  the  preceding  definitions. 

The  dead  load,  which  is  permanent,  con- 
sists of  the  entire  weight  of  the  bridge.  This 
load  must  necessarily  vary  with  the  span 
and  width  of  the  bridge,  the  style  of  con- 
struction employed,  and  the  live  load  that  it 
is  required  to  sustain.  Since  the  dead  load 
depends  on  the  dimensions  of  the  bridge 
members,  which,  from  the  nature  of  things, 
cannot  be  determined  until  the  dead  load 


is  known,  it  must  be  assumed.  After  the 
stresses  in  the  members,  and,  consequentiy, 
their  sizes,  have  been  determined  from  tlids 
assumption,  and  the  details  of  the  construc- 
tion decided  on,  the  assumed  dead  load  must 
be  checked,  and,  if  found  less  than  the  actual 
dead  load,  suflicient  material  must  be  added 
to  the  members  to  insure  their  withstand- 
ing the  additional  stress.  In  assuming  the 
amount  of  the  dead  load,  recourse  must  be 
had  to  data  relating  to  bridges  of  similar 
character  and  construction,  and  the  weight 
figured  accordingly;  it  being,  of  course, 
influenced  by  the  points  of  difference  exist- 
ing between  the  structure  in  hand  and  the 
precedent  considered.  If  no  such  data  is 
obtainable,  the  values  given  in  the  following 
table  will  be  found,  in  most  cases,  to  cover 
the  dead  load  per  lineal  foot  for  trussed  high- 
way bridges  with  about  16  feet  roadway, 
constructed  with  wooden  upper  and  lower 
chords,  and  web  compression  members,  the 
tension  members  being  of  wrought  iron. 

TABLE  Vin. 


Span  in  Feet 

60 

100 

160 

200 


Dead  Load  per  Lineal 
Foot  in  Poondfl. 

600 

800 

900 

1,000 


The  live^  temporary,  or  moving  load  on  a 
highway  bridge  is  due  to  the  weight  of 
people  or  vehicles  passing  over  it.  The 
greatest  stresses  occur  in  the  trusses  of  a 
bridge  when  it  is  loaded  with  a  densely 
packed  crowd  of  peoi^e;  while  the  floor  sys- 

j^per  chord 
'^knec  hrcce 

■.web  -b^nston  members 
^j^^u/eh  compression  members 


hanJmii        ^<xnJ  rail 
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tern  is  usually  subjected  to  its  maximum  load 
by  the  passing  of  a  heavy  road  roller,  or  some 
similar  piece  of  machinery  or  heavy  vehicle. 
The  amount  to  assume  in  estimating  the 
live  load  is  greatly  influenced  by  the  local 
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conditions;  that  is,  whether  the  bridge  is 
built  in  the  city,  where  the  traffic  is  likely 
to  be  congested,  or  in  the  country,  where 
the  population  is  sparse  and  heavy  loads 
unlikely;  and  whether  the  rate  of  growth 
of  the  adjacent  country  makes  heavier  loads 
probable.  The  amount  of  the  live  load  is 
also  influenced  by  the  span  of  the  bridge; 
for  the  probability  of  a  bridge  of  long  span 
being  densely  packed  with  people  is  remote, 
while  a  bridge  of  short  span  will  more  than 
likely  be  subjected  to  such  a  load. 

Bridge  constructors  differ  as  to  the  proper 
live  load  to  assume  in  designing  bridges. 
In  France,  41  pounds  per  square  foot  is 
estimated  on;  while  the  more  conservative 
practice  in  this  country  specifies  100  pounds 
per  square  foot  and  over.  This  load  of 
100   pounds   per   square   foot  is  excessive 


where  economy  is  demanded,  especially  in 
bridges  of  long  span,  as  a  load  of  more  than 
85  pounds  per  square  foot  will  never  be 
realized.  The  following  table  gives  the  live 
loads  that  may  be  assumed  with  safety  in 
designing  highway  bridges. 

TABLE  IX. 

City  and  Suburban  Country 

Span  in  Feet.  Bridget.  Bridget. 

Oto   50  100  pounds  90  pounds 

50  to  150  90  pounds  80  pounds 

150  to  200  80  pounds  70  pounds 

200  to  250  70  pounds  60  pounds 

The  live  load  per  panel  in  a  highway 
bridge  may  then  be  determined  by  multiply- 
ing the  product  of  the  distance  between 
panel  points  and  the  width  of  the  bridge, 
both  in  feet,  by  the  live  load  per  square 
foot. 


{ToheOmtinued,) 


ELECTRICAL  STANDARDIZATION.* 

{RepfMiihed  by  permUsUm  qf  Tht  American  InttUute  qfEledrUxU  Engineers'.) 


(c)  Armature-resistance  loss,  which  may 
be  expressed  by  pPr\  where  r  equals 
resistance  of  one  armature  circuit  or  branch, 
/equals  the  current  in  such  armature  circuit 
or  branch,  and  p  equals  the  number  of  arma- 
ture circuits  or  branches. 

(d)  Load  losses  as  defined  in  section  7. 
WJiile  these  losses  cannot  well  be  determined 
individually,  they  may  be  considerable, 
and,  therefore,  their  joint  influence  should  be 
determined  by  observation.  This  can  be  done 
by  operating  the  machine  on  short  circuit 
and  at  full-load  current,  that  is,  by  determin- 
ing what  may  be  called  the  *' short-circuit 
core  loss.''  With  the  low  field  intensity  and 
great  lag  of  current  existing  in  this  case,  the 
load  losses  are  usually  greatly  exaggerated. 

One-third  of  the  short-circuit  core  loss 
may,  as  an  approximation,  and  in  the 
absence  of  more  accurate  information,  be 
assumed  as  the  load  loes. 

{e)  Coljec tor-ring  friction  and  contact 
resistance.  These  are  generally  negligible, 
except  in  machines  of  extremely  low  vpltage. , 

(/)  Field  excitation.  In  separately-excited 
machines,  the  Pr  of  the  field  coils  proper 
should  be  used.  In  self-exciting  machines, 
however,  the  loss  in  the  field  rheostat 
should  be  included,  as  above  noted. 

*  Begun  in  the  October,  1899,  issue  of  "  The  Steam- 
Electilc  Magazine." 


III.  Synchronous  Commutatmg  Machines. 

12.  In  synchronous  converters,  the  power 
on  the  alternating-current  side  is  to  be 
measured  with  the  current. in  phase  with 
the  termlBAl  E.  M.  F.,  unless  otherwise 
specified. 

13.  In  double-current  generators  the 
efficiency  of  the  machine  should  be  deter- 
mined as  a  direct-current  generator,  and  as 
an  alternating-current  generator,  as  above 
noted.  The  two  values  of  efficiency  may. 
be  diflerent,  and  should  be  clearly  distin- 
guished. 

14.  In  synchronous  converters,  the  losses 
should  be  determined  when  driving  the 
machine  by  a  motor.    These  losses  are: 

(a)  Bearing  friction  andi-windage;  see 
section  4. 

(6)  Molecular  magnetic  friction  and  eddy 
currents  in  iron,  copper,  and  metallic  parts. 
These  losses  should  be  determined  at  open 
circuit  and  at  the  rated  terminal  voltage, 
no  allowance  being  made  for  the  armature 
resistance,  since  the  alternating  and  the 
direct  currents  fiow  in  opposite  directions. 

(c)  Armature  resistance.  The  loss  in  the 
armature  is  qPr;  where  /  is  the  direct  cur- 
rent in  armature,  r  is  the  armature  resist- 
ance, and  g  is  a  factor  that  is  equal  to  1.37  in 
single-phasers,  .56  in  three-phasers,  .37  in 
quarter-phasers,  and  .26  in  six-phasers. 
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(d)  Load  losses.  The  load  losses  should 
be  detennined  as  above  noted,  with  reference 
to  the  direct-current  side. 

(e)  and  (/)  Losses  in  commatator  and 
collector  friction  and  brush-contact  resist- 
ance; see  sections  6  and  11. 

{g)  Field  excitation.  In  separately  excited 
fields,  the  P  r  loss  in  the  field  coiLs  proper 
should  be  taken;  while  in  shunt  and  series 
fields,  the  rheostat  loss  should  be  included, 
except  where  fields  and  rheostats  are  inten- 
tionally modified  to  produce  effects  outside 
of  the  conversion  of  electric  power,  as  for 
producing  phase  displacement  for  voltage 
control.  In  this  case,  25  per  cent,  of  the  P  r 
loss  in  the  field  proper  at  non-inductive  alter- 
nating circuit  should  be  added  as  proper 
estimated  allowance  for  normal  rheostat 
losses;  see  section  6  (/). 

15.  Where  two  similar  synchronous  ma- 
chines are  available,  their  efficiency  can  be 
determined  by  operating  one  machine  as  a 
converter  from  direct  to  alternating,  and 
the  other  as  a  converter  from  alternating  to 
direct,  connecting  the  alternating  sides 
together,  and  measuring  the  difference  be- 
tween the  direct-current  input,  and  the 
direct-current  output.  This  process  may  be 
modified  by  returning  the  output  *of  the 
second  machine  through  two  boosters  into 
the  first  machine  and  measuring  the  losses. 
Another  modification  might  be  to  supply 
the  losses  by  an  alternator  between  the  two 
machines,  using  potential  r^ulators. 

IV.  Rectifying  Machines  or  l*ulsating-OurrerU 

Generators. 

16.  These  include:  Open-coil  arc  ma- 
chines, constant-current  rectifiers. 

The  losses  in  open-coil  arc  machines  are 
essentially  the  same  aa  in  sections  6  to  9 
(closed-coil  oommutating  machines).  In 
alternating-current  rectifiers,  however,  the 
output  must  be  measured  by  wattmeter,  and 
not  by  voltmeter  and  ammeter,  since,  owing 
to  the  pulsation  of  current  and  E.  M.  F.,  a 
considerable  discrepancy  may  exist  between 
watts  and  volt-amperes,  amounting  to  as 
much  as  10  or  15  per  cent. 

17.  In  constant-current  rectifiers,  trans- 
forming from  constant-potential  alternating 
to  constant  direct  current  by  means  of  con- 
stant-current transformers  and  rectifying 
commutators,  the  losses  in  the  transformers 
are  to  be  included  in  the  efficiency,  and  have 
to  be  measured  when  operating  the  rectifier, 
since  in  this  case  the  losses  are  generally 
greater  than  when  feeding  an  alternating 
secondary  circuit.  In  constant-current  trans- 


formers the  load  losses  are  usually  laiger 
than  in  constant-potential  transformers,  and 
thus  should  not  be  n^lected. 

The  most  satisfactory  method  of  determin- 
ing the  efficiency  in  rectifiers  is  to  measure 
electric  input  and  electric  output  by  watt- 
meter. The  input  is  usually  not  non- 
inductive,  owing  to  a  considerable  phase  dis- 
placement and  to  wave  distortion.  For  this 
reason  the  apparent  efficiency  should  also 
be  considered,  since  it  is  usually  mndi 
lower  than  the  true  effici^cy.  The  power 
consumed  by  the  synchronous  motor  or 
other  source  driving  the  rectifier  should  be 
included  in  the  electric  input 

V.  tStationary  Induction  Apparatus. 

18.  Since  the  efficiency  of  induction  appa- 
ratus depends  upon  the  wave  shape  of 
£.  M.  F.,  it  should  be  referred  to  a  sine 
wave  of  E.  M.  F.,  except  where  expressly 
specified  otherwise.  The  efficiency  should 
be  measured  with  non-inductive  load,  and 
at  rated  fr^uency,  except  where  ex^n^essly 
specified  otherwise.    The  losses  are: 

(a)  Molecular  magnetic  friction  and  eddy 
currents  measured  at  open  circuit  and  at  rated 
voltage— /r,  where  /  is  the  rated  current  and 
r  is  the  resistance  ot  the  primary  drcoit. 

(6)  Resistance  losses,  the  stun  of  the  Pr  of 
primary  and  of  secondary  in  a  transformer, 
or  of  the  two  sections  of  the  coil  in  the 
compensator  or  autotransformer,  where  I  is 
the  current  in  the  coU  or  section  of  coil  and 
r  is  the  resistance. 

(c)  Load  losses,  i.  e.,  eddy  currents  in  the 
iron  and  especially  in  the  copper  conductors, 
caused  by  the  current  They  should  be 
measured  by  short-circuiting  tiie  secondary 
of  the  transformer  and  impressing  upon  the 
primary  an  E.  M.  F.  sufficient  to  send  full- 
load  current  through  the  transformer.  The 
loss  in  the  transformer  under  these  conditions 
measured  by  wattmeter  gives  the  load  losses 
-f  jp  r  losses  in  both  primary  and  secondary 
coils. 

(d)  Losses  due  to  the  methods  of  cooling, 
as  power  consumed  by  the  blower  in  air-blast 
transformers,  and  power  consumed  by  the 
motor  driving  pumps  in  oil-  or  water-cooled 
transformers.  Where  the  same  cooling 
apparatus  supplies  a  number  of  transformers 
or  is  installed  to  supply  future  additions, 
allowance  should  be  made  therefor. 

19.  In  potential  regulators  the  efficiency 
should  be  taken  at  the  maximum  voltage 
for  which  the  apparatus  is  designed,  and 
with  non-inductive  load,  unless  otherwise 
specified. 
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VI.  Rotary  Induction  Apparatus, 

20.  Owing  to  the  existence  of  load  ioesee, 
and  since  the  magnetic  density  in  the 
induction  motor  ander  load  changes  in  a 
complex  manner,  the  efficiency  should  be 
determined  by  measuring  the  cdectric  input 
by  wattmeter  and  the  mechanical  output  at 
the  pulley,  gear,  coupling,  etc. 

21.  The  efficiency  should  be  determined 
at  the  frequency  and  the  input  measured 
with  sine  waves  of  impressed  E.  M.  F. 

22.  The  efficiency  may  be  calculated  from 
the  apparent  input,  the  power  fiEtctor,  and  the 
power  output.  The  same  applies  to  induc- 
tion generators.  Since  phase  displacement 
is  inherent  in  induction  machines,  their 
apparent  efficiency  is  also  important. 

23.  In  frequency  changers,  i.  e.,  apparatus 
transforming  from  a  polyphase  system  to  an 
alternating  system  of  different  frequency, 
with  or  without  a  change  in  the  number  o( 
phases,  and  phase  converters;  i.  e.,  appara- 
tus converting  from  an  alternating  system, 
usually  single  phase,  to  another  alternating 
system,  usually  polyphase,  of  the  same 
frequency,  the  efficiency  should  also  be 
determined  by  measuring  both  output  and 
input. 

VII.  Transmission  Lines. 

24.  The  efficiency  of  transmission  lines 
should  be  measured  with  non-inductive  load 
at  the  receiving  end,  with  the  rated  receiv- 
ing pressure  and  frequency,  also  with  sinus- 
oidal impressed  E.  M.  F.'s,  except  where 
expressly  specified  otherwise,  and  with  the 
exclusion  of  transformers  or  other  apparatus 
at  the  ends  of  the  line. 

SISB  OF  TEMPERATURE. 

.25.  General  Principles. — Under  regular  ser- 
vice conditions,  the  temperature  of  elec- 
trical machinery  should  never  be  allowed  to 
remain  at  a  point  at  which  permanent 
deterioration  of  its  insulating  material  takes 
place. 

26.  The  rise  of  temperature  should  be 
referred  to  the  standard  conditions  of  a 
room  temperature  of  25^  C,  a  barometric 
pressure  of  760  millimeters,  and  normal  con- 
ditions of  ventilation;  that  is,  the  apparatus 
under  test  should  neither  be  exposed  to 
draft,  nor  enclosed,  except  where  expressly 
specified. 

27.  If  the  room  temperature,  during  the 
test,  differs  from  25^  C,  the  observed  rise  of 
temperature  should  be  corrected  by  i  per 
cent,  for  each  d^ree  C.  Thus,  with  a  room 
temperature  of  35®  C,  the  observed  rise  of 
temperature  has  to  be  decreased  by  5  per 


cent ,  and  with  a  room  temperature  of  15®  C. , 
the  observed  rise  of  temperature  has  to  be 
increased  by  5  per  cent.  The  thermometer 
indicating  the  room  temperature  should  be 
screened  frt>m  thermal  radiation  emitted  by 
heated  bodies,  or  from  drafts  of  air.  When 
it  is  impracticable  to  secure  normal  con- 
ditions of  ventilation  on  account  of  an 
adjacent  engine,  or  other  source  of  heat,  the 
thermometer  for  measuring  the  air  tempera- 
ture should  be  placed  so  as  to  indicate  fairly 
the  temperature  that  the  machine  would 
have  if  it  were  idle,  in  order  that  the  rise  of 
temperature  determined  shall  be  that  caused 
by  the  operation  of  the  machine. 

28.  Th<B  temperature  should  be  measured 
after  a  run  of  sufficient  duration  to  reach 
practical  constancy.  This  is  usually  from 
6  to  18  hours,  according  to  the  size  and 
construction  of  the  apparatus.  It  is  per- 
missible, however,  to  shorten  the  time  of 
the  test  by  running  a  lesser  time  on  an 
overload  in  current  and  voltage,  then  reduc- 
ing the  load  to  normal,  and  maintaining  it 
thus  until  the  temperature  has  become  con- 
stant. 

In  apparatus  intended  for  intermittent 
service,  as  railway  motors,  starting  rheo- 
stats, etc.,  the  rise  of  temperature  should  be 
measured  after  a  shorter  time,  depending  on 
the  nature  of  the  service,  and  should  be 
specified. 

In  apparatus  that,  by  the  nature  of  their 
service,  may  be  exposed  to  overload,  as  rail- 
way converters,  and  in  very  high  voltage 
circuits,  a  smaller  rise  of  temperature  should 
be  specified  than  in  apparatus  not  liable  to 
overloads,  or  in  low-voltage  apparatus.  In 
apparatus  built  for  conditions  of  limited 
space,  as  railway  motors,  a  higher  rise  of 
temperature  must  be  allowed. 

29.  In  electrical  conductors,  the  rise  of 
temperature  should  be  determined  by  their 
increase  of  resistance.  For  this  purpose, 
the  resistance  may  be  measured  either  by 
galvanometer  test  or  by  drop-of-potential 
method.  A  temperature  coefficient  of  .4  per 
cent,  per  degree  centigrade  may  be  assumed 
for  copper.*  Temperature  elevations  meas- 
ured in  this  way  are  usually  in  excess  of 
temperature  elevations  measured  by  ther- 
mometers. 

30.  It  is  recommended  that  the  following 
maximum  values  of  temperature  elevation 
should  not  be  exceeded: 


*  By  the  fonnula  Rr  ^  Rfil  +  -WiS).    Where  Rf  is 
the  resistance  at  room  temperature,  R<r  the  resistance 
when  heated,  and  B  the  temperature  elevation  ( T—t) 
in  degrees  centigrade. 
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Commutating  machines,  rectifying  ma- 
chinee,  and  synchronous  machines:  Field 
and  armature,  by  resistance,  50®  C.  Com- 
mutator and  collector  rings  and  brushes, 
by  thermometer,  55®  0.  Bearings  and  other 
parts  of  machine,  by  thermometer,  40®  C. 

Rotary  induction  apparatus:  Electric  cii^ 
cuits,  50®  C,  by  resistance.  Bearings  and 
other  parts  of  the  machine,  40®  C,  by  ther- 
mometer. 

In  squirrel-cage  or  short-circuited  arma- 
tures, 55®  C,  by  thermometer,  may  be  al- 
lowed. 

Transformers  for  continuous  seryice:  Elec- 
tric circuits,  by  resistance,  50®  C. ;  other  parts, 
by  thermometer,  40®  C,  under  conditions  of 
normal  ventilation. 

Reactive  coils,  induction  and  magneto 
regulators:  Electric  circuits,  by  resistance, 
55®  0. ;  other  parts,  by  thermometer,  45®  C. 

Where  a  thermometer,  applied  to  a  coil  or 
winding,  indicates  a  higher  temperature  ele- 
vation than  that  shown  by  resistance  meas- 
urement, the  thermometer  indication  should 
be. accepted.  In  using  the  thermometer, 
care  should  be  taken  to  so  protect  its  bulb 
as  to  prevent  radiation  from  it,  and,  at  the 
same  time,  not  to  interfere  seriously  with 
the  normal  radiation  from  the  part  to  which 
it  is  applied. 

31.  In  the  case  of  apparatus  intended  for 
intermittent  service,  the  temperature  eleva- 
tion that  is  attained  at  the  end  of  the  period 
corresponding  to  the  term  of  ftdl  load  should 
not  exceed  50®  C.  by  resistance  in  electric  cir- 
cuits. In  the  case  of  transformers  intended 
for  intermittent  service,  or  not  operating 
continuously  at  frdl  load,  but  continuously 
in  circuit,  as  in  the  ordinary  case  of  light- 
ing transformers,  the  temperature  elevation 
above  the  surrounding  air  temperatureshould 
not  exceed  50®  0.  by  resistance  in  electric  cir- 
cuits and  40®  0.  by  thermometer  in  other 
parts,  after  the  period  corresponding  to  the 
term  of  full  load.  In  this  instance,  the  test 
load  should  not  be  applied  until  the  trans- 
former has  been  in  circuit  for  a  sufficient 
time  to  attain  the  temperature  elevation  due 
to  core  loss.  With  transformers  for  com- 
mercial lighting,  the  duration  of  the  full- 
load  test  may  be  taken  as  3  hours,  unless 
otherwise  specified.  In  the  case  of  railway, 
crane,  and  elevator  motors,  the  conditions 
of  service  are  necefssarily  so  varied  that  no 


specific  period  corresponding  to  the  fiill-load 
term  can  be  stated. 

INSULATION. 

32.  The  ohmic  resistance  of  the  insulation 
is* of  secondary  importance  only,  as  com- 
pared with  the  dielectric  strength,  or  resist- 
ance to  rupture  by  high  voltage.  Since  the 
ohmic  resistance  of  tiie  insulation  can  be 
very  greatly  increased  by  baking,  but  the 
dielectric  strength  is  liable  to  be  weakened 
thereby,  it  is  preferable  to  specify  a  high 
dielectric  strength  rather  than  a  high  insula- 
tion resistance.  The  highrvoltage  test  for 
dielectric  strength  should  always  be  applied. 

33.  InBulaJlionRetMiomce, — ^Insulation-resist- 
ance tests  should,  if  possible,  be  made  at  the 
pressure  for  which  the  apparatus  is  designed. 

The  insulation  resistance  of  the  complete 
apparatus  must  be  such  that  the  rated  volt- 
age of  the  apparatus  will  not  send  more  than 
lopiooo  of  the  full-load  current,  at  the  rated 
terminal  voltage,  through  the  insulation. 
Where  the  value. found  in  this  way  exceeds 
1  megohm,  1  megohm  is  sufficient. 

34.  Didectrie  Strength.  —  The  dielectric 
strength  or  resistance  to  rupture  should  be 
determined  by  a  continued  application  of 
an  alternating  E.  M.  F.  for  1  minute.  The 
source  of  alternating  K  M.  F.  should  be  a 
transformer  of  such  size  that  the 'charging 
current  of  the  apparatus,  as  a  condenser, 
does  not  exceed  25  per  cent  of  the  rated 
capacity  of  the  transformer. 

35.  The  high-voltage  tests  should  not  be 
applied  when  the  insulation  is  low,  owing 
to  dirt  or  moisture,  and  should  be  applied 
before  the  machine  is  put  into  commercial 
service. 

36:  It  should  be  pointed  out  that  tests  at 
high  voltages,  considerably  in  excess  of  the 
normal  voltages,  are  admissible  on  new  ma- 
chines, to  determine  whether  they  fiilfil 
their  specifications,  but  should  not  be  made 
subsequently  at  a  voltage  much  exceeding 
the  normal,  as  the  actual  insulation  of  the 
machine  may  be  weakened  by  such  tests. 

37.  The  test  for  dielectric  strength  shoald 
be  made  with  the  completely  assembled 
apparatus  and  not  with  its  individual  parts, 
and  the  voltage  should  be  applied  as  follows: 
Firstj  between  electric  circuits  and  surround- 
ing conducting  material;  and,  second,  between 
adjacent  electric  circuits,  where  such  exist, 
as  in  transformers. 


(To  be  Continued.) 


EASY  LESSONS  IN   HAND  RAILING. 

iOoniinued  from  the  October,  1899,  Number  qf  '*The  BuUding  Trades  Magazine.'*) 


Morris  \Arillianie. 


Hand  Rail  for  a  Stairway  With  Curved  Stringer — Face  Molds  and  Joint  Betels. 


THE  plan  shown  in  Fig.  54  represents  a 
stairway  with  a  curved  stringer,  and 
containing  within  the  curve  six  swelled 
or  curved  steps,  each  step  of  equal  width* 
hut  less  in  width,  at  the  rail,  than  the  steps 
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Fig.  54. 


of  the  straight  portion  of  the  stairway.  The 
newel  is  plaic^  on  the  first  step.  This 
arrangement  will  cause  the  pitch  of  the 
wreath  to  deviate  from  the  pitch  of  the  flight 
as  shown  in  Fig.  55,  where,  also,  is  shown 
the  hevel  m,  which  is  to  he  applied  to  the 
side  of  the  wreath  to  form  a  square  hutt 
joint.  This  treatment  of  the  joint  in  work- 
shop parlance  is  termed  *' forcing  the  joint." 

To  draw  the  plan  in  Fig.  54,  from  o  as  center 
describe  the  curves  of  the  rail,  and  on  the 
center  line  of  the  rail  place  the  dimensions 
of  the  treads,  as  at  a,  6,  c,  d,  e,  /.  Continue 
the  center  line  of  the  straight  rail  through 
f  to  a'.  Draw  a'  a  square  to  a'f  and  a  h^ 
square  to  a  o. 

Proceed  to  draw  the  elevation  as  shown  in 
Fig.  55.  Reproduce  the  plan  of  the  center 
line  of  rail  and  tangents  from  Fig.  54. 
Place  the  divisions  of  the  steps  on  X  F,  as 
at  o,  a,  6,  c,  d,  e,  and  /.  At  /  draw  the  per- 
pendicular line  ff\  and  make  it  equal  in 


height  to  the  total  height  of  the  seven 
risers  contained  in  the  curved  portion  of 
the  stringer.  Complete  the  elevation  of 
the  steps  by  drawing  horizontal  lines  from 
o^\a^^^¥\cf^^d'^^  and  e''  to  intersect  the 
vertical  lines  drawn  from  o,  a,  5,  c,  d,  and  e 
on  Xr.  Draw  the  pitch  line  &h'a^''g  at 
a  distance  from  the  apex  of  each  step  equal 
to  half  the  depth  of  the  rail,  intersecting 
the  line  of  the  newel  at  ^,  where  the  rail 
would  strike  it  if  both  tangents  were  left 
equally  inclined,  as  at  ^  6^  and  V  </,  If  it  is 
determined  to  raise  the  rail  to  point  d\  all 
that  is  required  is  to  connect  d'  to  h\  thus 
determining  the  length  and  pitch  of  the 
bottom  tangent.  Draw  the  ground  line  X  Y 
through  d^.  At  d/  draw  m  n  square  to  the 
bottom  tangent,  thus  forming  the  bevel  that 
is  to  be  applied  to  the  end  of  the  wreath 
connecting  to  the  newel.  Observe  thatmn 
in  the  figure  has  been  drawn,  inadvertently, 
in  advance  of  the  point  d^.    If  the  bottom 


Netoel 


Fig.  66. 


tangent  were  level  it  is  evident  that  this 
bevel  would  not  be  required;  the  bottom 
tangent  in  that  case  would  butt  against  the 
newel  at  right  angles,  as  was  shown  in  Fig.  52 
in  the  October,  1899,  number  of  **The  Build- 
ing Trades  Magazine.'' 
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EASY  LESSONS  IN  BAND  RAJLINO. 


7*0 j!nd  (Ae/orm  q^  tA«/ac«  mold,  it  is  required 
to  tntDBfer  the  bottiim  tangent  to  the  devel- 
opment, so  aa  to  find  the  angle  between  the 
two  tangeDta  on  the  face  mold.  From  point 
a'"  draw  the  dotted  line  a"'d"  aquare  to 
the  upper  tangent.  From  }/  aa  center,  and 
the  length  of  the  bottom  tangent  l/d'  net^ 


Fio.  M.  %  ' 

radios,  revolve  d'  to  d",  and  connect  d"  and 
V;  the  liae  d"}>'  is  the  bottom  tangent 
transferred  to  the  development  as  required, 
and  the  angle  if  h'  d"  is  the  angle  between 
the  tangents  of  the  fiice  mold. 

In  Fig.  66,  the  tangents  in  the  latter  posi- 
tion are  reproduced,  and  a  plan  of  the  rail 
is  drawn.  To  draw  the  curves  of  the  fiu^ 
mold,  we  will  need  to  Qnd  the  minor  and 
ra^or  asee,  and  the  width  of  the  mold  at 
the  ends  A'  and  (f,  aa  also  that  at  the  minor 
axis.  The  minor  asie  may  be  found  by 
drawing  a  line  from  o  (the  center  whence 
the  plan  is  drawn)  parallel  to  the  ordinate 
aa'.  Note  that  this  is  the  method  of  find- 
ing the  minor  axis  in  all  ourflgures.  This 
line  will  cut  the  pitch  line  in  rf\  draw  c'o' 
square  to  the  upper  tangent  c'  ¥,  and  make 
it  equal  to  CO  of  the  plan.    The  line  &  <^  \% 


the  minor  axis.    Draw  the  major  through  & 
and  square  to  the  minor,  as  shown. 

To  find  the  width  of  the  faee  mold  at  the  end 
&,  make  c'n'  and  cf  z'  equal  to  half  the 
width  of  the  rail  on  plan;  n' s' is  the  same 
width  as  the  rail  on  plan,  owing  to  point  tf 
being  on  the  minor  axis  c't/. 

To  find  the  mdih  at  the  end  d', 
take  the  length  of  j/'  n  from  the 
bevel  and  place  it  on  each  side  of 
d',  as  shown  at  d'n  and  d'y. 

Before  the  inside  and  outside 
curves  can  be  drawn,  it  is  further 
required  to  find  the  correct  length 
of  the  semimqor  axis.  Take  the 
length  n'(/  of  thesemimiooraxis 
of  the  inside  curve  as  radius,  and 
the  point  n  at  the  end  d'  of  the 
-^  &ce  mold  for  a  center;  extend  to 
cut  the  major  in  x  and  continue 
the  line  nz  to  u  on  the  minor 
axis;  the  dotted  line  nu  will  be 
the  ccnrect  length  of  the  semi- 
m^jor  axis  for  the  inside  curve. 

Tafind  the  foci  of  the  eUipte,  take 
the  length  of  the  semimajornw 
for  a  radios,  and  the  point  n'  on 
the  minor  for  a  cent«r,  and  de- 
scribe the  arc  m mm,  cntting  the 
au^oraxisinmandm.  Bjasim- 
~~,ii'  ilar  process,  the  length  of  the 
^n~  aemimiyor  axis  and  the  foci  of  the 
eUipse  for  the  outside  curve  may 
be  obtained,  as  is  clearly  ehown 
in  the  figure. 

Thfind  the  bevd,  take  the  point 

c'  as  a  center,  extend  the  dividers, 

touching  the  line  1/ c,  and  tarn 

over  to  y".    Take  the  length  y"  & 

for  the  altitude  of  a  right-angled 

triangle,  and  the  radius  o  c  of  the  plan  for 

the  base;   the  bevel  will  be  found  at  W,  the 

upper  angle  of  the  triangle. 

Fig.  57  is  presented  to  further  illustrate 
the  construcUve  Unee  made  use  of  in  Fig.  56. 
It  clearly  demonstntes  the  property  of  the 
ordinates  aa'  and  a'd'.  In  geometric 
language  the  ordinate  a  a'  is  the  horiiontal 
trace  of  the  oblique  plane  ab'c'o'. 

If  the  development  is  folded  on  the  pitch 
line  a'i/c',  the  ordinate  a'd'  will  coincide 
with  the  ordinate  a' a,  proving  the  point  a' 
to  be  common  to  both  plan  and  develop- 
ment. The  tangent  Va,  also,  will  coincide 
with  the  tangent  Vd',  thus  proving  the 
angle  i/l/d',  between  the  tangents,  to  be 
correct  as  constructed  geometrically  in  the 
development  in  Fig.  56.  This  Again  prov« 
the  correctness  of  the  development  itself. 
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and  therefore  satisfiee  the  demand  for  correct 
geometric  bosia  in  band-rail  constniction. 

The  dsTelopment  in  its  folded  position,  as 
shown  at  ab'c'o'  in  Fig.  G7,  forms  the 
oblique  plane  of  a  eectionol  cnt  made  throogb 
an  aaenmed  acute-angled  block,  the  plan  of 
nhich  ie  shown  at  oabc.  This  plan  being 
identical  with  the  plan  of  the  stairway,  it  is 
evident  that  the  development  will  be  eo  also. 
From  theae  considerationa  it  follows  that  a 
wreath  reeling  in  the  plane  of  this  develop- 
ment will  meet  the  conditions  of  ite  plan. 
This  is  plainlr  shown  where  the  center  line 
of  the  wreath  extends  from  point  a  to  point  c' 
along  the  surftce  of  the  development,  and 


remind  the  reader  that,  after  the  somewhat 
tedious  explanation  of  the  preceding  dia- 
grams, in  actoal  practice  the  face  mold  and 
bevels  can  be  found  stmpl;,  as  shown  in  this 


Flo.  as. 

figure,  and  that  a  competent  hand  railer 
would  not  require  a  single  line  in  addition 
to  thoee  it  contains. 

By  comparing  this  figure  with  the  preced- 
ing figures,  it  will  be  found  to  contain  all  the 
lines  that  are  eeeentiallf  necessary  to  find 
both  the  face  mold  and  the  bevels.  Proceed 
with  Fig.  58  by  drawii^  the  plan  of  the  nul 
from  the  center  o.  Draw  the  ground  line  x  y. 
Square  to  xy  draw  aa',  and  square  to  oa 
draw  the  tangent  ab.  At  c  erect  ci/,  and 
make  it  equal  in  height  to  the  sum  of  six 
risers,  which  is  the  number  contuned  in  the 
curve,  as  shown  in  Fig.  54,  from  a  to/. 

Connect  c'  to  a',  thus  drawing  the  pitch  of 
the  upper  tangent  Square  to  the  pitch 
a'l/draw  a'd',  and  make  it  equal  in  length 


in  a  vertical  position  in  relation  to  the 
center  line  of  the  wreath  in  the  plan.  If 
the  face  mold  from  Fig.  56  were  placed  in 
its  proper  position  on  the  development  in 
Fig.  57,  the  points  a,  y,  and  c  in  the  latter 
^nre  would  coincide  with  their  correspond- 
ing points  d',  y,  and  </  in  Fig.  56,  and  the 
angles  between  the  tangents  would  also 
coincide. 

Trusting  that  the  preceding  explanation 
will  clearly  demonstrate  the  why  and  the 
wherefore  of  each  conetractive  line  made  use 
of  to  obtain  the  face  mold  and  find  the  bevel, 
we  will  now  turn  our  attention  to  Fig.  58. 
Before  entering  on  our  explanation  we  will 


rfl,  iUf'jtuuiJ 


to  a  a';  connect  d' to  b',  thus  determiniug 
the  angle  between  the  tangents  in  the 
development,  as  was  done  in  the  preceding 
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THE  INTRODUCTION  OF  MORSE'S  TELEGRAPH  SYSTEM, 


To  find  the  curves  of  the  f<ice  moldy  proceed 
by  drawing  the  ordinates  oo,  oo  on  the 
plan  parallel  to  the  ordinate  a  a^  as  shown, 
continuing  all  the  ordinates  to  cut  the  pitch 
line.  From  points  of  intersection  draw 
ordinates  parallel  to  the  ordinate  a^  d^^  and 
make  each  equal  in  length  to  its  correspond- 
ing ordinate  on  plan.  We  thus  find  the 
points  c/,  0^,  etc.  in  both  the  inside  and  the 
outside  curves  of  the  face  mold,  and  by 
tracing  a  curve  touching  the  points  thus 
found,  the  face  mold  is  obtained. 

The  bevel  is  found,  as  in  Figs.  55  and  56, 
by  taking  the  point  (/  as  a  center,  extending 
the  compass  to  touch  the  line  6^  c,  turning  to  e 
as  shown.    The  length  of  c^e  will  be  the  alti- 
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tude,  and  the  radius  o  c  of  the  plan  the  base 
of  a  right-angled  triangle  whose  upper  angle 
will  be  the  bevel  required  as  shown  at  W,  It 
is  to  be  applied  to  the  bottom  end  of  the 
wreath,  as  shown  in  Fig.  59,  which  is  an 
illustration  of  the  wreath  squared  out  of  the 
plank,  the  thickness  of  which  is  shown 
at  a  6.  The  bevel  m  in  this  figure  is  applied 
to  the  side  of  the  wreath  to  make  the  joint 
coincide  with  the  pitch  of  the  straight  rail. 
It  is  taken  from  Fig.  55,  and  then  shown 
forming  a  square  butt  joint  between  the 
wreath  and  the  straight  rail  connecting. 
The  bevel  n  in  Fig.  55  is  also  to  be  applied 
to  the  side  of  the  wreath,  to  form  a  joint 
connecting  with  the  newel. 

BND. 


INTRODUCTION  OF  MORSE'S 
GRAPH  SYSTEM. 


H.  S.  Webb. 


A  FEW  notes  concerning  the  introduction 
of  the  electric  telegraph  in  this  country 
by  Samuel  F..  B.  Morse  may  be  inter- 
esting to  our  readers.  Up  to  the  introduc- 
tion of  his  telegraph  system,  Morse  was  a 
portrait  painter  of  more  than  ordinary  abil- 
ity, and  depended  on  his  work  in  this  line 
for  the  money  with  which  to  develop  his 
system  and  the  construction  of  his  appa- 
ratus. Not  having  enough  money,  he  was 
obliged  to  surrender  a  quarter  interest  in 
his  inventions  in  order  to  obtain  the  neces- 
sary aid. 

The  difficulties  that  Morse  had  to  over- 
come in  order  to  introduce  his  electric  tele- 
graph were  serious  and  numerous.  To  be 
sure,  he  received  encouragement  when  he 
exhibited  his  apparatus  before  the  faculty 
of  New  York  University,  the  Franklin 
Institute,  and  President  Van  Buren.  The 
Franklin  Institute  reconmiended  his  system 
very  highly,  and  expressed  itself  strongly 
in  favor  of  government  aid  for  the  purpose 
of  demonstrating  the  practical  usefulness  of 
the  system.  A  bill  appropriating  $30,000 
for  the  erection  of  an  experimental  line 
between  Baltimore  and  Washington,  to  illus- 
trate the  general  utility  of  the  Morse  system, 
was  introduced  in  congress,  but  it  was  not 
passed  until  1843,  several  congresses  having 
met  and  adjourned  without  passing  the  bill. 

First,  a  plow  to  be  drawn  by  a  team  was 
devised  and  built,  which  would  automat- 
ically deposit  in  the  earth  a  lead  pipe  con- 


taining two  insulated  conductors.  The  use 
of  India  rubber  and  gutta  percha  for  insula- 
ting was  then  unknown,  and  the  insulation 
used  was  so  poor  that  when  ten  miles  had 
been  laid  the  wires  were  found  to  be  wholly 
useless  for  electric  conductors.  The  machine 
itself  was  successful;  but  after  |23,000  had 
been  spent  in  an  unsuccessfid  attempt  to  lay 
good  conductors,  the  machine  was  purposely 
broken  by  running  it  against  a  rock,  to  fore- 
stall unfavorable  criticism  by  the  news- 
papers, which  would  have  been  the  case  had 
they  known  the  true  reason  for  the  suspen- 
sion of  work.  The  newspapers  published 
sensational  accounts  of  the  supposed  acci- 
dent, and  thus  the  real  trouble  was  kept  from 
the  public  until  new  plans  were  developed. 
After  much  careful  consideration,  Morse 
reluctantly  decided  to  put  the  wires  on 
poles.  This  plan  was  considered  a  very  poor 
one  at  first,  for  fear  that  evil-minded  per- 
sons would  disturb  the  structure.  But  this 
was  the  only  scheme  for  which  the  appro- 
priation would  hold  out,  and  further,  it  had 
been  ascertained  that  pole  lines  had  already 
been  adopted  in  England;  this  method  was 
therefore  employed.  The  line  was  com- 
pleted about  the  first  of  May,  1844,  and  was 
successful,  as  the  system  proved  satisfactory. 
Morse's  first  relay  weighed  300  pounds,  and 
when  one  weighing  75  pounds  was  produced, 
it  was  thought  to  be  almost  the  height  of 
perfection.  The  relay  of  today  weighs  about 
3^  pounds. 


A  GREAT  DISCOVERY. 

(CkmHntted  from  the  October,  1899,  Number  qf  "  Tfie  Mechanic  Arts  Magazine.'*) 


George  McC.  Robson,  M.  A. 


Newton  Elected  Professor  op  Mathematics — ^The  Composition  op  Light — Correspond- 
ence With  Hooke— Induced  by  Hallby  to  Take  Up  Problem  op  Planetary  Motions. 


Admlflsion  to  the  sanctuary  of  science,  and  to  the  feelings  and  privUegee  of  a  votary,  is  only  to  be 
gained  by  one  means— «ottnc{  and  euifflcient  knowledge  of  mathematica,  the  great  instrument  of  aU  exact  inquiry, 
without  which  no  man  can  ever  make  such  advances  in  any  of  the  higher  departments  of  science  as  can  entitle  him 
to  form  an  independent  opinion  on  any  subject  of  discussion  within  their  range.— %IB.  Johk  Hebschbl. 


On   his   return   to   Cambridge,  in  1667, 
Newton  was  elected  a  fellow  of  bis  college, 
and  was  thus  enabled  to  fix  bis  residence 
permanently  at  tbe  university.    In  tbe  two 
succeeding  years  be  rendered  mucb  assistance 
to  Dr.  Isaac  Barrow,  tbe  Lucasian  professor 
of  matbematics;   be   revised  and,  indeed, 
largely  rewrote  Barrow's  lectures  on  optics; 
be  also,  at  tbe  urgent  request  of  Dr.  Barrow, 
edited  a  translation  of  Elinckbuysen's  alge- 
bra, but  only  consented  to  do  so  on  con- 
dition tbat  bis  name  sbould  not  appear  in 
tbe  matter.    In  1669,  wbile  discussing  some 
recent  matbematical  discoveries  witb  Dr. 
Barrow,  Newton  said  be  bad  obtained  similar 
results  some  time  before.    Dr.  Barrow  com- 
municated Newton's  discoveries  to  several 
eminent  matbematidans,  wbo  unanimously 
declared   tbem   to   be   very  brilliant  and 
important  contributions   to    pure    matbe- 
matics.   Newton  never  publisbed  bis  dis- 
coveries -voluntarily,  and    tbey   remained 
unknown  until  some   person,  learning  of 
tbem  by  accident,  insisted  on  tbeir  publica- 
tion; tbe  discoveries  of  wbicb  we  bave  just 
spoken  would  not  bave  been  made  known 
tben  but  for  Dr.  Barrow,  and  tbe  metbod  of 
fluxions  was  still  unknown  to  tbe  matbemat- 
ical world.     Yet,  witb  all   bis   reticence, 
Newton  bad  already  won  sucb  a  reputation 
as  a  matbematician  tbat  Dr.  Barrow,  tbe 
same  year,  resigned   bis   professorsbip   in 
favor  of  Newton,  wbo  was  elected  to  tbe 
cbair  and  beld  it  for  tbirty  years. 

To  give  tbe  reader  some  idea  of  Newton's 
transcendent  genius  as  a  matbematician,  we 
may  mention  bis  solutions  of  some  of  tbe 
problems  matbematicians  were  tben  in  tbe 
babit  of  proposing  as  cballenges  to  eacb 
otber.  One  of  tbese  was  tbe  bistoric  prob- 
lem of  Pappus:  to  find  tbe  locus  of  a  point 
sucb  tbat  tbe  rectangle  contained  by  its 
distances  from  two  given  stndgbt  lines  sball 
be  in  a  given  ratio  to  tbe  rectangle  contained 
by  its  distances  from  two  otber  given  straigbt 


lines.    Every  celebrated  geometer,  from  tbe 
time  of  ApoUonius,  bad  tried  tbis  problem 
and  foiled;  it  seems,  bowever,  to  bave  pre- 
sented no  difficulty  to  Newton,  wbo  proved 
tbat  tbe  locus  is  a  conic  section.    In  1696, 
Jobn  Bernoulli  cballenged  tbe  matbema- 
ticians of  Europe:  (1)  to  determine  tbe  line 
of  quickest  descent  of  a  bead  along  a  smootb 
wire  from  a  fixed  point  A  to  anotber  fixed 
point  B,  and  (2)  to  find  a  curve  sucb  tbat  if 
a  straigbt  line  passing  tbrougb  a  fixed  point 
0  cuts  tbe  curve  in  two  points  P  and  Q,  tben 
0  p»  ^  0  Q»  sball  be  constant.     Leibnitz 
admired  tbe  beauty  of  tbe  first  of  tbese 
problems,  and  asked  for  an  extension  of  tbe 
time  allowed  for  its  solution  from  six  montbs 
to  twelve;  be  solved  tbe  problem  in  a  little 
over  six  montbs,  and  tben  suggested  tbat 
tbe  two  problems  sbould  be  sent  to  Newton. 
On  January  29,  1697,  Newton  received  tbe 
two  problems  from  tbe  President  of  tbe 
Royal  Society,  and  banded  tbe  solutions  to 
bim  tbe  next  day,  at  tbe  same  time  general- 
izing tbe  second  problem.  Bernoulli  received 
solutions  of  tbe  two  problems  from  most  of 
tbe  eminent  matbematicians  of  tbe  day;  but, 
tbougb  Newton's  solution  was  anonymous, 
Bernoulli  said  be  recognized  it  '*as  tbe  lion 
is  known  by  bis  claws."    A  curve  of  quick- 
est descent  is  tecbnically  called  a  brachiato- 
chrone,  and  Newton  sbowed  tbat,  under  tbe 
conditions  of  Bernoulli's  problem,  tbe  bra- 
cbistocbrone  is  part  of  a  cycloid,  wbicb  is  tbe 
curve  described  by  a  point  on  tbe  rim  of  a 
circular  disk  rolling  on  a  straigbt  line.    In 
order  to  feel  tbe  pulse  of  tbe  Englisb  ana- 
lysts, Leibnitz,  in  1716,  proposed  tbe  prob- 
lem of  determining  tbe  ortbogonal  trajectory 
of  a  family  of  curves.    Newton  received  tbe 
problem  at  5  o'clock  in  tbe  afternoon  on  bis 
return  bome  from  an  extremely  fatiguing  day 
in  tbe  Mint;  witbin  ^ve  bours  be  not  only 
solved  tbe  problem  proposed  by  Leibnitz, 
but  laid  down  tbe  general  principles  for  find- 
ing trajectories.    Tbese  acbievements  prove 
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A   GREAT  DISCO  VERY. 


that  he  was  immeasurably  saperior  to  his 
contemporaries  in  his  power  of  using  both  the 
methods  of  pure  geometry  and  the  methods 
of  analysis.  Indeed,  his  power  of  obtaining 
results  by  purely  geometrical  methods  is  a 
continual  source  of  amazement  to  mathema- 
ticians. Lagrange  says  that  pure  geometry 
is  a  strong  bow,  but  it  is  one  that  only  a 
Newton  can  fully  utilize,  and  that  inferior 
mortals  must  have  recourse  to  anal3rtioal 
methods  to  obtain  results  that  Newton 
reached  geometrically. 

The  Royal  Society  is  the  oldest  and  most 
distinguished  scientific  society  that  has  main- 
tained a  continuous  existence.  It  was  origi- 
nally founded  by  Wallis,  Brouncker,  Wren, 
and  Boyle,  who,  as  early  as  1645,  formed  a 
society  to  which  Boyle,  in  letters  dated  1646, 
refers  as  the  Indivisible,  or  Philosophical 
College.  The  formation  of  this  society  was 
due  to  the  suggestion  of  Theodore  Haak,  a 
native  of  Germany;  its  meetings  were  held 
weekly  in  London,  sometimes  at  Cheapeide, 
and  sometimes  at  Gresham  College.  During 
the  civil  war  most  of  the  members  removed 
to  Oxford;  where  Rob«*t  Hooke,  then  assist- 
ant in  Boyle's  laboratory,  joined  their  meet- 
ings. Charles  II,  in  1662,  after  his  restora- 
tion, incorporated  the  Royal  Society  of 
London  under  a  Royal  charter,  which  con- 
ferred upon  the  society  certain  privileges 
and  authorities;  these  privileges  were  ampli- 
fied in  the  subsequent  charters  of  April  22, 
1663,  and  April  8, 1669. 

The  Royal  Society  was  a  potent  factor  in 
urging  Newton  to  complete  his  investigation 
of  the  law  of  gravitation,  and  to  it  we  are 
largely  indebted  for  the  publication  of  New- 
ton's Prindpia.  We  shall  have  frequent 
occasion  to  refer  to  his  connection  with  the 
society,  and  to  his  association  with  the 
founders  and  other  prominent  members  of 
it.  Of  the  founders  of  the  Royal  Society, 
Wallis  and  Brouncker  were  very  distin- 
guished mathematicians  who  both  contrib- 
uted largely  to  the  development  of  modem 
methods.  Robert  Boyle  was  the  seventh 
son  and  fourteenth  child  of  the  Earl  of  Cork, 
and  was  born  at  Lismore,  in  Ireland;  he 
was  an  eminent  chemist  and  physicist,  and 
is  still  remembered  in  connection  with  the 
law  that  bears  his  name,  viz. ,  if  the  tempera- 
ture of  a  gas  is  constant,  the  product  of  its 
volume  and  pressure  is  constant. 

Boyle  was  a  voluminous  author,  and  one 
of  his  works  roused  the  ire  of  Dean  Swift, 
who,  to  ridicule  it,  wrote,  "A  pious  medita- 
tion upon  a  broomstick  in  the  style  of  the 
honourable   Mr.   Boyle/*    Sir  Christopher 


Wren  was  an  able  mathematician,  and  for 
several  years  was  Savilian  professor  of  astron- 
omy at  Oxford  University.  His  fune  as  a 
mathematician  and  an  astronomer  is,  how- 
ever, completely  overshadowed  by  his  greater 
fame  as  an  architect.  After  the  disastrous 
fire  that  devastated  London  in  1666,  Sir 
Christopher  drew  up  a  plan  for  a  new  city 
in  which  the  streets  w^e  to  intersect  at 
right  angles,  as  in  modem  American  cities. 
Unfortunately,  this  plan  did  not  meet  with 
the  approval  of  the  king;  yet  the  great  fire 
gave  him  an  opportunity  of  designing  public 
and  private  edifices,  such  as  no  British  archi- 
tect has  enjoyed  before  or  since.  Among  the 
buildings  erected  from  his  plans  were  St 
Paul's  Cathedral,  the  Monument,  the  modem 
part  of  Hampton  Court,  and  almost  one  hun- 
dred other  public  buildings  and  churches. 
In  the  routine  of  his  architectural  work  he 
was  assisted  by  Dr.  Robert  Hooke,  who  was 
a  brilliant,  tliough  somewhat  superficial 
speculator,  and  who  possessed  great  experi- 
mental skill.  Hooke' 8  name  is  still  associa- 
ted with  the  law  he  discovered,  which  is 
that  within  certain  limits  the  tension  in  a 
stretched  string  is  proportional  to  the 
extension. 

These  were  the  men  who  laid  the  founda- 
tions of  the  Royal  Society,  and  each  of  them 
is  entitled  to  a  place  on  the  honor  roll  of 
science,  though  their  fame  is  somewhat 
obscured  by  their  proximity  to  Newton,  as 
the  brightest  stars  are  invisible  in  the  neigh- 
borhood of  the  midday  sun. 

During  Newton's  tenure  of  the  Lncasian 
professorship,  he  lectured  once  a  week  during 
one  term  of  each  year.  The  lectures  did  not 
exceed  one  hour  in  length,  and  it  is  said  he 
dictated  them  as  rapidly  as  they  could  be 
taken  down.  After  the  lecture  the  students 
were  accustomt- d  to  come  to  his  room  to  dis- 
cuss the  lecture  with  him,  and  to  receive 
additional  explanations.  His  first  lectures, 
which  were  on  optics,  were  subsequently 
published  both  in  Latin  and  in  English,  and 
are  even  now  considered  very  valuable. 
During  this  period  he  invented  the  sextant, 
which  is  still  used  by  navigators  under  the 
name  of  Hadley's  sextant.  This  instrument 
has  been  called  after  Hadley,  who  redis- 
covered it  in  1731,  after  Newton's  death. 
Hooke  had  an  idea  of  constructing  a  similar 
instrument,  which  is  described  and  illustrated 
by  a  figure  in  his  posthumous  works;  but  as 
this  instrument  admits  of  only  one  refiection 
it  would  not  answer  its  purpose.  Newton 
sent  a  full  description  of  his  msfcrament, 
with  drawings,  to  Dr.  Edmund  Ebdley,  in 
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1700.  Halley  never  made  any  public  refer- 
ence to  this  document,  and  nothing  was 
known  of  it  until  it  was  found,  after  the 
Doctor's  death,  among  his  papers,  by  Mr. 
Jones,  who  communicated  it  to  the  Royal 
Society  in  1742.  Unfortunately,  through 
confusion  of  the  names  Halley  and  Hadley, 
it  has  been  asserted  that  Newton's  descrip- 
tion of  the  sextant  was  found  among  Had- 
ley's  papers  at  his  death,  and,  therefore,  he 
has  been  accused  of  knowingly  stealing 
Newton's  invention.  But  the  whole  evi- 
dence goes  to  show  that  Hadley  made  his 
invention  independently.  A  similar  instru- 
ment was  also  invented,  in  1730,  by  Mr. 
Thomas  Godfray,  of  Philadelphia,  who  re- 
ceived a  grant  of  £200  from  the  Royal  Society 
of  London  for  his  invention,  which  had 
already  been  practically  tested  by  his  brother, 
Captain  Grod£ray,  in  the  West  Indies.  The 
history  of  science  abounds  in  such  instances 
of  important  inventions  and  discoveries  being 
made  independently  and  simultaneously  by 
men  at  the  opposite  ends  of  the  earth. 

All  the  telescopes  in  use  at  that  time  were 
what  is  known  as  refracting  telescopes,  and 
the  image  seen  in  a  refractor  was  always 
more  or  less  blurred  and  indistinct  The  only 
remedy  then  known  for  this  grave  defect 
was  to  make  the  telescope  glass  very  small 
and  the  focal  length  very  great.  Most  of 
the  refractors  were  so  long  that  they  had  no 
tube,  and  were  very  inconvenient.  By  a 
very  remarkable  series  of  accidents  it  hap- 
pened that  Newton  not  only  foiled  to  correct 
the  defect  of  the  refracting  telescope,  but 
even  imagined  that  his  experiments  proved 
it  was  impossible  to  remedy  it.  He  aban- 
doned, therefore,  the  attempt  to  construct  a 
perfect  refractor,  and  made  a  reflecting  tele- 
scope on  the  same  model  as  the  one  he  had 
constructed  in  1668.  This  type  of  telescope 
is  known  as  a  ''Newtonian  reflector." 
Newton  communicated  a  description  of  his 
telescope  to  the  Royal  Society,  and  pre- 
sented the  instrument  itself  to  the  society, 
in  whose  library  it  is  preserved  with  the 
inscription:  ''The  flrst  reflecting  telescope, 
invented  by  Sir  Isaac  Newton,  and  made 
with  his  own  hands." 

The  members  of  the  Royal  Society  were  so 
impressed  with  the  value  of  this  invention 
that  they  immediately  elected  him  a  fellow 
of  the  society.  He  was  very  much  surprised 
at  the  value  they  placed  on  his  invention, 
and  their  flattering  reception  of  it  led  him 
to  communicate  to  the  society  his  theory  of 
light  and  color.  This  theory  was  expounded 
in  a  paper  addressed  to  the  Royal  Society 


under  the  title  "A  New  Hypothesis  CJon- 
ceming  Light  and  Color."  In  this  paper 
he  asserts  that  white  light  is  not  homo- 
geneous, but  consists  of  rays  of  diflerent 
refrangibility,  and  he  demonstrates  his 
proposition  by  the  celebrated  experiment  of 
the  solar  spectrum,  in  which  a  ray  of  white 
light  is  decomposed  into  a  series  of  colored 
bands  like  a  rainbow.  Thus  he  laid  the 
foundation  of  the  science  of  optics  and  the 
modem  theory  of  light,  which  today  is 
declared  by  competent  authorities  to  be  the 
most  important  and  promising  department 
of  physical  investigation.  The  value  of 
original  scientific  work  is  best  measured 
by  the  number  and  extent  of  the  new  paths 
to  knowledge  and  new  fields  for  research 
which  it  opens  up;  and  in  this  respect 
Newton's  Optics  is  second  only  to  his 
Prindpia. 

There  is  no  evidence  that  Newton's 
thoughts  reverted  to  the  subject  of  gravi- 
tation from  1666  to  1677;  in  the  latter  year 
he  discussed  it  with  Sir  Christopher  Wren, 
and  explained  his  hypothesis  as  to  the 
law  of  the  inverse  square.  In  1070  Hooke 
wrote  to  Newton,  urging  him  to  continue  his 
philosophical  communications  to  the  Royal 
Society.  Newton  protested  that  he  had  noth- 
ing to  communicate  worthy  to  be  received  by 
the  society,  and  said  that  he  had  ceased  to 
interest  himself  in  philosophy,  except  as  a 
diversion  from  other  studies.  In  this  letter 
he  suggested  that  the  earth's  rotation  on  its 
axis  might  be  proved  by  observing  whether  a 
bullet,  falling  fr^y,  deviated  in  an  easterly 
direction  from  the  perpendicular.  He  pro- 
posed that  Hooke  should  make  the  experi- 
ment, and  suggested  elaborate  precautions 
for  its  success.  In  this  letter  Newton  said 
that  the  path  described  by  the  bullet  would 
be  a  spiral  passing  through  the  earth's 
center.  This  statement  would  be  correct  for 
a  body  moving  in  a  resisting  medium;  but 
Newton  was  considering  the  case  of  a  body 
falling  freely,  the  resistance  of  the  air  being 
neglected,  and  his  blunder  in  stating  the 
path  to  be  a  spiral  shows  how  little  real 
thought  he  had  given  to  the  matter  at  that 
time.  Hooke  reported  the  success  of  the 
experiment,  and  stated  that  the  bullet,  on 
each  trial,  fell  slightly  to  the  southeast  of 
the  perpendicular;  he  also  drew  Newton's 
attention  to  his  error  with  regard  to  the 
path  of  a  falling  body,  and  said  the  true  path 
would  be  an  "excentrical  elliptoid."  Sub- 
sequent writings  of  Hooke  prove  that  by 
an  excentrical  elliptoid  he  meant  an  oval 
curve,  and  that  he  did  not  know  that  a  body 
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falling  freely  would  deecribe  a  true  ellipse. 
The  importance  of  this  correepondenoe  oon- 
aists  in  the  flEtct  that  it  recalled  Newton's 
attention  to  the  question.  At  a  later  period 
Hooke  claimed  a  considerable  share  of  the 
credit  for  Newton's  discoyeries  on  the  ground 
of  this  correspondence;  but,  beyond  bring- 
ing the  subject  into  prominence,  Hooke' s 
letters  contain  no  helpful  suggestions.  Hooke 
attained  such  an  unenviable  notoriety  for 
claiming  other  people's  discoveries  that  he 
became  widely  known  as  the  universal 
claimant 

In  1666,  Newton  did  not  enter  at  all  into 
the  mathematics  of  the  problem,  and  made 
no  attempt  to  obtain  rigid  demonstrations  of 
the  theorems  he  sMumed;  however,  when 
his  attention  was  recalled  to  the  subject  by 
Hooke,  in  1679,  he  composed  about  a  dozen 
propositions  rdating  to  the  motion  of  the 
primary  planets  about  the  sun.  What  he 
had  demonstrated  at  the  end  of  1679  may 
be  summarized  as  follows:  ( 1 )  The  equable 
description  of  areas  implies  a  central  force, 
and  conversely  a  central  force  implies  the 
equable  description  of  areas;  (2)  if  an  ellipse 
is  described  under  the  action  of  a  force 
directed  toward  a  focus,  the  force  must  vary 
inversely  as  the  square  of  the  distance.  The 
converse  of  the  latter  of  these  propositions 
is  that  if  a  particle  is  projected  under  the 
action  of  a  central  force  varying  inversely  as 
the  square  of  the  distance,  the  orbit  described 
will  be  a  conic  section;  but,  at  this  time, 
Newton  would  have  said  the  orbit  will  be 
an  ellipse,  for  he  had  not  yet  considered 
parabolic  or  hyx>erbolic  orbits. 

In  Hooke's  letter  of  November  24,  1679, 
referred  to  above,  he  mentions  the  geodetic 
measurements  then  being  made  in  France  by 
Picard,  De  la  Hire,  Cassini,  and  Romer;  and 
it  is  supposed  that  Newton  obtained  the 
result  of  Picard' s  measurement  of  a  degree  of 
latitude  through  his  connection  with  the 
Royal  Society.  The  statements  on  this  point, 
however,  are  conflicting,  and  it  does  not 
appear  possible  now  to  determine  when 
Newton  obtained  the  correct  measurement 
of  the  earth  by  which  he  revised  his  compu- 
tation of  1666. 

A  decade  and  a  half  have  elapsed  since  the 
fateful  fall  of  the  apple  in  the  garden  at 
Woolsthorpe,  and  yet  the  law  of  universal 
gravitation  has  not  been  discovered.  Wren, 
Hooke,  and  many  others  are  striving  to  solve 
the  problem,  and  their  failure  is  due  to  no 
lack  of  falling  apples  to  inspire  them,  but 
simply  to  the  fact  that  none  of  them  pos- 
sessed the  necessary  mathematical    equip- 


ments. Newton,  who  alone  possessed  powers 
adequate  to  the  task,  was  absorbed  in  other 
pursuits,  and  regarded  this  problem,  how- 
ever interesting  and  Important,  as  something 
entirely  aside  from  his  special  field  of  work. 
Fortunately,  there  was  in  England  a  man 
who  could  interest  Newton  in  the  problem 
and  induce  him  to  attempt  its  solution;  and 
if  we  were  asked  how  Newton  came  to  dis- 
cover the  law  of  universal  gravitation,  we 
would  reply  that  it  was  because  Edmund 
Halley  insiste<i  that  he  should  discover  it, 
and  he  never  rested  till  the  discovery  was 
made  and  published. 

Dr.  Edmund  Halley,  a  most  eminent 
mathematician  and  astronomer,  was  bom 
near  London,  October  29, 1656.  His  father,  a 
wealthy  soap  boiler,  had  him  educated  at 
St.  Paul's  School,  and  afterwards  at  Oxford 
University.  In  1672,  a  year  before  he  left 
St.  Paul's  School,  Halley  made  valuable 
observations  on  the  change  of  variation  of 
the  magnetic  needle  at  Liondon.  In  1691, 
the  Savilian  professorship  at  Oxford  being 
vacant,  he  applied  for  the  chair,  and  Bishop 
StUlingfleet  was  desired  to  recommend  him 
at  Court  The  blsliop,.  hesitating  to  recom- 
mend him  on  accost  of  his  reputation  as  a 
skeptic,  sent  his  chaplain,  Bentley,  to  inter- 
view Halley;  l)ut  he  was  so  sincere  in  his 
opinions  that  herefiised  absolutely  to  profess 
any  belief  in  the  Christian  religion.  On  this 
account  Halley  lost  the  appointment,  which 
was  given  to  David  Gregory,  who  was 
strongly  reconmiended  by  Newton.  Halley 
is  now  best  known  in  connection  with  the 
comet  named  alter  him;  but  his  contribu- 
tions to  science  were  very  numerous,  and  of 
the  highest  practical  importance.  He  made 
two  extended  sea  voyages,  under  difficulties 
that  would  have  discouraged  most  men,  to 
obtain  data  to  complete  his  theory  of  the 
variation  of  the  magnetic  compass.  On  his 
return  he  invented  and  published  a  chart 
showing,  at  one  view,  the  variation  of  the 
compass  throughout  the  whole  extent  of 
the  Atlantic  Ocean.  The  method  of  chart 
construction  invented  by  him  is  now  exten- 
sively employed  for  a  great  variety  of  pur- 
poses; the  maps  published  daily  by  the 
Weather  Bureau  are  an  admirable  illustra- 
tion of  the  simplicity  and  e£fectivenees  of 
such  charts. 

Sir  Christopher  Wren,  in  1684,  oflfered  as 
a  prize  to  Hooke  and  Halley  a  book  worth 
£2,  if  they  would  bring  him,  within  two 
months,  a  proof  that  the  orbit  of  a  planet 
under  a  central  force  varying  inversely  as 
the  square  of  the  distance  would  be  an 
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ellipee.  For  seyen  months  they  wrestled 
with  this  problem,  but  failed  to  solve  it. 
Finally,  in  despair,  Halley  went  to  Cam- 
bridge to  get  Newton  to  assist  him  in  the 
solution.  Immediately  on  entering  Newton's 
room  he  inquired,  ''What  path  will  a  par- 
ticle describe  if  it  is  attracted  by  a  center 
with  a  force  varying  inversely  as  the  square 
of  the  distance  ? ' '  Without  hesitation  New- 
ton replied,  ''An  ellipse.''  In  amazement  at 
this  prompt  and  confident  reply,  Halley 
said,  "How  on  earth  do  you  know?" 
Newton  said  he  had  proved  it  some  time 
before,  and  made  an  unsuccessful  search  for 
the  paper.  Later  he  found  the  paper  and 
sent  it  to  Halley,  who  submitted  it  to  the 
Royal  Society.  The  society  requested  per- 
mission to  publish  it,  and  appointed  Halley 
to  correspond  with  Newton  and  see  to  the 
publication  of  the  paper. 

Bitter  controversies  had  arisen  over  New- 
ton's Optics,  which  were  exceedingly  pain- 
ful to  his  sensitive  and  modest  nature,  and 


his  dread  of  these  disputes  induced  him 
to  withhold  his  great  discoveries  firom  publi- 
cation; but  Halley,  recognizing  the  richness 
of  the  treasure  he  had  found  in  Newton, 
sjMiTed  neither  his  time  nor  his  money  in 
pressing  Newton's  researches  to  completion 
and  publication.  Having  once  consented 
to  the  publication  of  his  results,  Newton 
resolved  to  make  them  as  complete  as  pos- 
sible, and  now  at  length,  in  1684,  he  entered 
in  earnest  labors,  which,  by  common  con- 
sent of  all  who  can  appreciate  the  profundity 
of  his  far-reaching  methods,  have  raised 
him  to  a  solitary  eminence  in  the  world  of 
science,  and  which  have  given  us,  in  the  law 
of  universal  gravitation,  the  grandest  and 
oompletest  generalization  to  which  the  mind 
of  man  has  yet  attained. 


Erratum.— Readen  of  this  article  are  requested  to 
substitute  "horizontal  component  of  the  tension  in 
the  string"  for  "horizontal  component  of  gravity  " 
in  line  30,  second  column,  page  406,  and  in  line  10 
ttom  bottom,  second  column,  page  406. 
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THE  world  is  always  delighted  to  honor 
any  one  that  has  signally  contributed 
to  its  progress  or  its  enjoyment.  It 
should  be  noted,  however,  that  one's 
chances  of  being  distinguished  by  the  world's 
applause  are  very  much  greater  if  the  work 
that  makes  one  conspicuous  has  been  done 
but  in  the  open,  with  anxious  millions  for  an 
audience.  Herein  lies  the  explanation  of 
the  fact  that  no  military  or  naval  hero  is 
compelled  to  go  for  many  years  unrecognized 
and  unrewarded.  His  honors  follow  close 
upon  his  achievement.  He  sails  away  for  a 
brief  time  to  some  Trafalgar  or  Manila,  and, 
returning,  finds  that  he  has  "taught  his 
name  to  half  the  globe." 

If  he  is  a  great  orator,  a  gifted  singer,  a 
consummate  statesman,  the  glare  of  publicity 
in  which  he  lives  makes  it  impossible  for 
him  to  conceal  his  eminence  or  to  escape  the 
adulation  that  it  brings. 

Far  different  is  the  fate  of  the  quiet 
worker — ^the  philanthropist,  the  scientist, 
whose  benefactions  must  be  wrought  in 
the  seclusion  of  the  laboratory,  the  great 
thinker  whose  instinct  is  to  escape  the 
"madding  crowd,"  the  poet  whose  thought 
can  move  rhythmically  only  in  the  midst  of 
solitude  and  silence.  For  such  as  these, 
many  years  must  elapse — years  filled  with 


struggle,  with  alternate  hope  and  despair, 
with  privation  suffering  and  obloquy  some- 
times— before  the  world  discovers  that  it  has 
been  harboring  unawares  a  genius. 

Among  the  many  of  this  class  that  are 
condemned  to  endure  the  "hope  deferred 
that  maketh  the  heart  sick  "  was  the  gentle 
I>oet  laureate  of  childhood  and  wifehood  and 
motherhood,  and  of  the  affections  that  enrich 
and  beautify  the  realm  where  child  and 
wife  and  mother  are  paramount.  To  those 
that  know  of  his  life  work — its  refined 
beauty  and  sweetness  that  have  charmed 
many  thousands  of  readers  all  over  the  world 
— it  seems  very  pathetic  that  a  few  of  the 
friends  that  loved  him  before  he  withdrew 
into  the  infinite  silence  are  striving  to  keep 
the  gaunt  wolf  of  hunger  from  the  home 
where  remain  those  that  made  the  world 
beautiful  and  life  dear  to  him. 

These  friends  are  not  asking  for  charity, 
as  may  be  seen  from  their  advertisement  on 
another  page  of  this  magazine.  They  offer 
at  lees  than  its  value  a  beautifully  illustrated 
volume  of  poems  selected  from  his  writings. 
This  they  may  do  only  because  the  illustra- 
tions were  made  without  charge  by  eminent 
artist  friends  of  the  dead  poet.  Every  home, 
and  especially  every  home  of  children,  should 
contain  the  poems  of  Eugene  Field. 
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(Oontinuedfrom  the  October,  1899,  Number  qf'*  The  Building  Trades  Magazine.") 


S.  Alan  Sloan. 


Dksckiption  of  Hard  Woods — General  Qualifications  That  Are  Necessary  for  Lumber 

TO  BE  Classed  as  Good. 


WHITE  oak  is  the  most  important  vari- 
ety, and  is  in  large  demand  in  baild- 
ing  operations.  It  has  a  bard,  doee 
grain,  a  yellowish-brown  color,  and  posseesee 
great  strength  and  durability.  Aside  from 
these  qoalities,  its  great  beauty  of  grain 
when  rift-  or  quarter-sawed,  and  the  high 
polish  that  may  be  imparted  to  and  held  by 
its  surfjEtce,  render  it  one  of  the  most  beauti- 
ful and  adaptable  materials  for  interior 
finish  and  fine  cabinet  work.  When  not  rift- 
sawed,  the  grain  presents  a  coarse,  rough 
appearance,  and  is  liable  to  discoloration 
f^om  the  entrance  of  dust  and  dirt  in  the 
exposed  pores.  The  surface  is  often  brashy, 
with  short  fibers,  which  break  away  easily; 
hence,  stock  of  this  character  should  only 
be  used  as  framing  material,  for  which  pur- 
pose it  is  well  adapted,  owing  to  its  strength 
and  durability.  It  is,  however,  too  costly  to 
use  in  any  but  high-grade  work. 

The  post  oak  is  a  tree  that  seldom  attains 
a  greater  diameter  than  15  inches,  and  on 
this  account  is  used  principally  for  posts, 
from  which  use  it  derives  its  name.  It  is 
considered  stronger  than  white  oak,  and  is 
very  durable.  Large  forests  of  it  are  found 
throughout  Maryland  and  Virginia. 

The  red  oak  resembles  white  oak  very 
much  in  appearance,  but  has  a  reddish  color, 
hence  its  name.  It  is  inferior  to  the  white 
oak,  having  about  12  per  cent,  less  strength, 
and  decays  rapidly  when  exposed  to  damp- 
ness. 

Live  oak  is  a  tree  having  a  heavy,  compact, 
fine-grained  wood,  yellowish  in  color.  It  is 
very  strong  and  tough,  and,  therefore,  is  used 
in  naval  conetruction. 

As  a  finishing  material  for  the  interior  of 
buildings,  chestnut  has  no  equal  when  both 
appearance  and  cheapness  are  important  con- 
siderations. The  wood  is  comparatively  soft, 
and  has  rather  a  coarse  grain  and  no  medul- 
lary rays.  Its  durability,  which  enables  it 
to  successfully  resist  the  evil  effects  of  moist- 
ure, renders  it  a  useful  material  for  purposes 
where  this  condition  is  encountered,  as  in 
the  case  of  fence  posts,  sills,  and  sleepers  in 
contact  with  the  ground.  The  best  stock  is 
obtained  from  the  trees  that  have  reached 


fifty  years  of  age.  Prior  to  that  time  the 
vessels  and  ducts  in  the  wood  are  large  and 
filled  with  sap,  which,  when  dried  out,  leaves 
large  open  pores  that  seriously  affect  the 
strength  of  the  wood.  Soon  alter  the  half- 
century  mark  is  reached,  however,  the  heart 
wood  commences  to  decay,  the  tree  declines, 
and  the  wood  becomes  worthless.  The  mai^ 
ket  is  supplied  with  this  timber  from  the  for- 
ests in  the  eastern  part  of  the  United  States. 

Cherry  is  a  wood  that  has  many  excellent 
qualifications,  making  it  adaptable  for  use 
as  a  finishing  material  in  buildings  of  all 
descriptions.  This  wood  is  moderately 
heavy,  hard,  and  durable,  the  annual  layers 
being  wide  and  even,  while  the  medullary 
rays  are  fine  and  dose;  being  red,  they 
impart  to  the  surface  of  the  wood  a  reddish- 
brown  color.  Owing  to  the  susceptibility  of 
the  surfiEU^  to  a  very  fine  polish,  it  is  fre- 
quently used  as  a  substitute  for  the  more 
expensive  and  rare  woods,  which  it  resembles 
closely  when  stained.  In  fine  cabinet  work 
it  is  largely  used  as  an  imitation  of  mahog- 
any, rosewood,  and  ebony. 

Ash  is  not  as  popular  a  wood  as  it  used  to 
be  and  is  now  little  used  for  building  pur- 
poses. It  resembles  red  oak  somewhat  in 
appearance,  although  it  is  much  lighter  in 
color.  The  grain  is  coarse  and  the  medul- 
lary rays  are  not  so  well  defined  as  those  of 
the  oak.  It  is  also  hard  and  tough,  but 
after  a  few  years'  exposure  decays  rapidly, 
making  it  unfit  for  structural  purposes.  In 
cabinet  work  it  is  sometimes  used  as  a  cheap 
substitute  for  oak  and  makes  an  excellent 
material  from  which  to  manufacture  oars, 
as  its  tough  nature  allows  it  to  resist  the 
sudden  shocks  and  strains  to  which  the 
latter  implements  are  subjected. 

Maple  is  a  hard,  strong,  dose-gruned 
wood  of  a  light  yellow  color  and  very  silky. 
Quartered  stock,  when  selected,  makes  a 
very  fine  fiooring  material  and  is  in  large 
demand  for  that  purpose.  There  are  two 
peculiar  varieties  of  this  wood  that  are  used 
for  decorative  effects  in  woodwork  and  exten- 
sively in  fine  cabinet  work.  Owing  to  the 
beauty  of  their  grain,  they  are  commonly 
known  as  curly  and  bird's-eye  maple.    The 
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fonner  has  a  pleasing,  wavy  grain,  while  the 
latter  is  marked  with  numeroas  small  spots 
that  somewhat  resemble  birds'  eyes  in 
appearance..  Both  of  these  species  of  maple 
attain  this  peculiarity  of  grain  from  the 
distortion  of  the  fibers;  hence,  lack  the 
strength  of  the  straight-grained  wood. 

Owing  to  its  lack  of  durability,  maple  is 
not  well  adapted  for  exterior  work. 

Hickory  is  of  little  practical  use  for 
building  purposes,  being  very  difficult  to 
work  on  account  of  the  extreme  toughness 
and  hardness  of  its  fib^.  Another  serious 
defect  in  its  nature  is  a  susceptibility  to 
the  attacks  of  insects.  The  greatest  demand 
for  it  comes  from  the  carriage  and  wagon 
builders,  who  require  a  tough  flexible  wood, 
owing  to  the  sudden  strains  and  twists  that 
many  parts  of  vehidee  are  called  upon  to 
resist  It  is  a  pleasing  wood  to  the  eye, 
having  a  well-marked  even  grain,  with  many 
medullary  rays  that  show  up  well  in  a 
quarter-sawed  plank. 

The  wood  of  the  locust  tree  is  remarkable 
chiefly  for  the  peculiarity  of  its  grain,  which 
has  a  broad-striped  appearance,  due  to  the 
large  size  of  the  vessels  that  it  contains.  This 
timber  is  hard  and  durable,  and  is  especially 
impervious  to  dampness,  in  consequence  of 
which  it  is  used  chiefly  for  fence  posts  and 
floor  sleepers,  and  for  similar  purposes,  where 
the  evil  efiects  of  moisture  must  be  guarded 
against. 

Walnut,  mahogany,  rosewood,  and  ebony 
are  hard  woods,  all  of  which  derive  their 
value  from  the  great  beauty  of  their  grain 
and  coloring.  They  are  used  extensively  in 
fine  cabinet  work.  Mahogany,  especially,  is 
very  popular,  and  is  employed  extensively 
for  the  interior  finish  and  furniture  of 
modem  buildings.  Walnut  at  one  time  was 
the  most  prominent  of  all  the  hard  woods, 
but  its  scarcity  and  the  superior  beauty  of 
mahogany  have  gradually  caused  the  latter 
to  take  its  place.  The  color  of  walnut  is  a 
deep,  rich  purplish  brown,  the  gram  is  wavy, 
and  the  sur£EU»  is  capable  of  taking  a  beauti- 
ful polish.  The  tone  of  the  wood  improves 
with  age,  and  in  structure  it  is  heavy,  hard, 
and  durable,  being  also  proof  against  the 
attacks  of  insects.  The  demand  for  this 
wood  in  the  past  has  been  so  great  that  the 
forests  have  become  depleted  to  some  extent, 
and  it  has  become  very  expensive. 

There  are  two  varieties  of  mahogany, 
known  commercially  as  Honduras  and  Span- 
ish. The  cheaper  and  more  common  of  these 
is  the  Honduras,  or  bay  wood,  as  it  is  often 
called;  this  has  rather  a  plain  coarse  grain 


compared  with  the  finer  qualities  of  the  Span- 
ish mahogany,  and  some  varieties  of  it  are 
nearly  as  soft  as  white  pine,  making  it  very 
easy  to  work.  This  wood  is  remarkably  free 
from  defects,  and  warps  but  slightly.  These 
qualitiee,  together  with  its  beautiful  color  and 
durability,  make  it  very  useful  to  cabinet- 
makers and  patternmakers.  This  wood  grows 
in  tropical  countries,  and  is  chiefly  imported 
from  South  America.  Spanish  mahogany  is 
superior  to  the  Honduras  species,  both  in 
beauty  of  grain  and  in  coloring.  It  is  harder, 
heavier,  and  darker  in  color  than  that  variety, 
and  its  pores  are  filled  with  a  chalk-like 
substance.  It  is  seldom  used  alone  either  for 
joinery  or  cabinet  work,  but  a  thin  veneer  is 
laid  on  a  core,  or  backing,  of  some  other  leas 
expensive  wood.  The  name  of  this  variety 
of  mahogany  is  somewhat  misleading,  imply- 
ing the  field  of  production  as  being  in 
Spain,  whereas  it  is  obtained  from  the  West 
Indies,  the  bulk  of  it  being  shipped  from 
San  Domingo.  In  the  selection  of  mahogany 
considerable  judgment  and  experience  must 
be  exercised,  as  there  is  a  great  difierenoe  in 
the  quality  and  appearance  of  wood  even  of 
the  same  si>ecies;  thus,  too  much  attention 
should  not  be  paid  to  the  commercial  name 
of  the  wood,  as  a  higher  grade  of  Honduras 
mahogany  is  often  superior  in  quality  and 
grain  to  some  of  the  more  common  kinds  of 
the  Spanish  variety.  Rosewood  and  ebony, 
while  used  to  some  extent  in  cabinet  work, 
are  not  as  popular  as  mahogany.  Rosewood 
is  used  chiefiy  for  fine  furniture.  It  is  a  hand- 
some wood,  the  color  is  dark  red  or  brown, 
with  strong  markings  of  a  deeper  tint;  the 
tone  improves  with  age,  and  the  wood  is 
very  fragrant.  The  principal  use  for  ebony 
is  in  inlaid  work,  or  in  conjunction  with 
some  other  wood  of  lighter  color  to  which 
it  forms  a  foil  on  account  of  the  contrast, 
it  being  almost  black.  Ebony  is  very  hard 
and  has  an  exceedingly  close  fine  grain. 

In  the  choice  and  inspection  of  lumber, 
experience  is  to  a  certain  extent  essential, 
but  a  few  hard-and-fast  rules  may  be  laid 
down,  which,  if  followed,  will  lead  to  a  selec- 
tion of  good  material  even  by  one  with  little 
experience.  Summarized,  these  qualifica- 
tions are:  straight  fibers;  freedom  from  large, 
loose,  or  dead  knots  and  shakes  of  every 
description;  the  wood  should  be  sweet  to 
the  smell — a  disagreeable  smell  betokens 
decay — and  any  chalky  appearance  of  fiber 
is  a  sure  sign  of  decomposition;  when  planed 
the  sur&ce  should  have  a  silky  luster;  the 
annual  rings  should  be  regular  and  the  color 
uniform.    In  naturally  colored  timber,  such 
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as  mahogany,  the  darkest  color  indicates  the 
most  strength  and  durability.  A  good  test 
of  the  soundness  of  any  timber  can  be  made 
by  tapping  it  at  one  end  with  a  hammer.  If 
the  timber  be  sound  and  the  ear  is  placed 
close  to  the  other  end  of  it,  the  tapping  will 
be  heard  distinctly.  Sniall  defects  that 
would  condemn  soft  wood  should  be  over- 
looked in  hard  wood,  as  absolutely  perfect 
material  of  the  latter  type  is  rare. 
The  woods  that  have  been  described  allow 


the  architect,  carpenter,  joiner,  and  cabinet- 
maker a  broad  field  firom  which  to  select 
suitable  material  for  their  work,  and  by  the 
judicious  use  of  them,  beautiful  effects  may 
be  produced  in  the  interior  finish  of  their 
buildings  without  the  loss  of  stability  or  per- 
manency. There  are  numerous  other  woods 
that  have  not  been  mentioned,  but  little  use 
is  found  for  them  in  building  constmcticHi  or 
cabinetmaking;  consequently,  a  description 
of  them  is  unnecessary. 
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A  HANDY  HOME-MADE  MARKING  TOOL 
FOR  PATTERNMAKERS. 


A,  J.  H.,  Peterboro,  OrU.,  Can. 


I BHPLOT  in  my  pattern  work  for  producing 
center  lines  across  uneven  surfaces  of  pat- 
terns (either  concave  or  convex),  a  home- 
made tool,  of  which  the  following  is  a 
description,  which  may  be  of  use  to  some  of 


1 


your  readers,  and  especially  patternmakers. 
It  is  simple,  and  is  quickly  and  cheaply 
made,  and  as  opportunities  to  use  it  continu- 
ally arise,  it  pays  to  make  one,  and  to  hang 
it  on  the  peg  as  part  of  the  outfit. 

Suppose  I  have  a  pattern  A,  just  taken 
off  the  lathe,  and  want  to  draw  lines  ah^cd^ 
ef  across  the  inside  of  the  pattern;  then  I 
space  off  points  a,  2>,  c,  (2,  e^  f  and  use  my 
tool,  which  consists  of  a  straightedge  By 
made  of  a  piece  of  wood  2  inches  thick, 
6  inches  wide,  and  of  suitable  length,  one 
side  of  which  is  faced  and  one  edge  squared 
up  accurately,  and  a  marker  C,  of  wood. 


2  inches  wide,  }  inch  thick,  and  of  sufficient 
length.  This  marker  is  pointed  by  cham- 
fering down  the  edges  and  back,  leaving  the 
working  side  that  is  to  go  against  the  faced 
side  of  By  straight  For  a  marking  point,  I 
drive  in  a  small  wire  nail,  and  file  it  so  that 
the  point  is  exactly  even  with  the  surfoce 
of  the  marker.  The  use  of  the  tool  is  obvious. 


A  QBNBRAL  INDEX  TO    MAGAZINE 
ARTICLES. 


W.  C.  WUWxiMon,  Port  Hope,  OrU. 

To  EBSP  track  of  the  various  articles  of 
value  that  are  constantly  appearing  in  trade 
journals  and  other  magazines,  the  writer 
has  adopted  the  following  system,  which  he 
has  used  for  a  number  of  years,  and  found 
very  satisfactory:  Procure  a  good,  well-bound 
index  book  of  foolscap,  quarto  size,  having 
200  or  300  pages.  Do  not  buy  a  cheap,  flimsy 
book,  but  one  that  will  stand  for  a  numb^ 
of  years,  for  the  value  of  a  book  of  this  sort 
increases  the  more  it  is  used.  When  an  article 
appears  in  either  a  book  or  magazine  that 
the  reader  thinks  worth  keeping  track  o^  he 
should  enter  under  the  proper  letter,  in  the 
index  book,  its  title,  and  also  where  it  is 
to  be  found.  Thus,  for  instance,  the  article 
on  ''A  Home-Made  Bunsen  Burner,''  which 
appeared  in  the  August,  1899,  number  of 
*'  The  Mechanic  Arts  Magazine,''  would  be 
entered  under  the  letter  B  as  follows: 

Bunaen  Burner,  A  Home-Made.    Mechanic  ArU  Mag., 
Vol.  IV,  Aug.,  1899,  p.  S13. 

By  this  method  a  general  index  is  kept 
of  all  desirable  articles,  and  it  requires  but  a 
few  minutes  to  find  the  one  wanted.  The 
index  book  is  also  useful  for  keeping  extracts 
on  various  subjects  taken  from  books  and 
periodicals  that  are  seen  at  public  libraries 
and  other  places,  but  are  not  owned  by  the 
person  himself. 


CURRENT  TOPICS. 


Mrs.  Frederic  R.  Honey. 


The  Beoognition  of  Japan. 


IT  IS  less  than  half  a  century  since  Com- 
modore Perry,  on  behalf  of  the  United 
States,  signed  the  first  treaty  between 
Japan  and  the  civilized  powers  of  the  Western 
world.  In  1854  the  island  kingdom  was 
remote  and  little  known.  Its  shores  were 
visited  occasionally  by  stray  ships,  and  a  few 
of  its  products  had  been  seen  in  Europe  and 
America;  but  intercourse  with  other  coun- 
tries was  not  desired  by  the  Japanese,  and 
foreigners  landed  there  at  their  peril.  The 
treaty  with  the  United  States  was  speedily 
followed  by  similar  treaties  with  other  com- 
mercial nations;  it  was  the  opening  wedge 
which  made  way  for  the  entrance  of  modem 
civilization  into  Japan. 

The  reception  accorded  by  Japan  to  West- 
em  ideas  is  a  familiar  story.  All  other  ori- 
ental nations  have  looked  with  dislike  on 
the  manners  and  customs  of  '^barbarian'' 
visitors;  they  have  resented  the  idea  of 
change,  and  have  adopted  new  methods  by 
slow  degrees,  if  at  all.  Japan,  on  the  con- 
trary, met  the  newcomers  more  than  half- 
way. '*  I  came,  I  saw,  I  conquered,''  said  a 
Roman  general,  returning  victorious  from 
battle.  Modem  civilization  needed  only 
to  be  seen  in  order  to  win  an  easy  victory  in 
Japan. 

Who  can  guess  what  ambitions  were  lying 
dormant  in  this  remote  kingdom;  what 
half-conscious  desires  for  power  were  gradu- 
ally maturing  in  her,  wakened  into  fuller  life 
by  rumors  that  may  have  reached  her  of  the 
advantages  gained  from  the  forces  at  the 
disposal  of  the  white  races  I  These  things 
are  a  mystery;  but  it  is  certain  that  with 
Commodore  Perry's  treaty  the  hour  and  the 
man  had  come;  and  Japan  was  ready  to 
seize  her  opportunity.  A  generation  had 
scarcely  passed — ^how  short  a  period  in  the 
history  of  a  nation  ! — and  Japanese  students 
were  to  be  found  by  the  hundred  in  America 
and  Europe;  Japanese  schools  and  colleges 
were  making  a  bid  for  the  services  of  rising 
men  of  science  and  of  letters;  Japanese 
institutions  and  customs  were  becoming 
modified;  a  navy  was  in  process  of  creation; 
an  army  was  drilled  on  a  new  system;  a 
modem  code  of  laws  was  constructed;  ex- 
periments were  made  in  parliamentary  gov- 
ernment; the  financial  methods  of  the  white 


races  had  been  adopted,  involving,  alas!  a 
heavy  national  debt,  for  the  tree  of  knowl- 
edge always  bears  the  fruit  of  evil  as  well  as 
of  good. 

The  second  generation  is  still  in  its  youth, 
for  the  infants  of  1854  are  not  yet  old  men; 
and  the  students  of  history  who  are  accus- 
tomed to  observe  the  slow  progress  of  other 
oriental  peoples  watch  Japan  with  almost 
incredulous  wonder.  At  first  the  belief  was 
fr^y  expressed  that  the  changes  were 
spasmodic,  abnormal;  that  the  growth  was 
too  rapid  to  be  healthy  or  enduring;  that  it 
was  contrary  to  nature  and  experience  that 
new  ideas  should  be  assimilated  so  quickly; 
that  the  advance  was  due  to  an  imitative 
faculty  rather  than  to  an  intelligent  appre- 
ciation of  modem  methods;  that  there  was 
only  a  veneer  of  civilization  affecting  the 
few;  that  the  mass  of  the  population  was 
untouched,  and  the  country  would  soon 
relapse  into  something  very  like  its  old  con- 
dition. 

Such  remarks  are  not  made  now  as  fr^ 
quently  as  they  were  twenty  years  ago.  No 
doubt  they  are  in  part  true.  Japan  has  its 
strong  conservative  element,  which  resists 
and  resents  change.  The  opportunities  of 
foreigners  for  observation  have  been  limited, 
and  have  rarely  extended  beyond  the  limits 
of  the  few  seaports  in  which  such  persons  are 
allowed  to  reside;  so  travelers  cannot  well 
tell  from  their  own  knowledge  what  is  the 
disjMDsition  of  the  country  population  towards 
the  innovations  which  have  taken  place. 
But,  judging  by  results,  it  is  evident  that 
those  who  are  making  the  changes  are  the 
real  leaders  of  the  country,  and  the  condition 
of  Japan  now — ^less  than  fifty  years  after  she 
became  known  to  the  foreigner — ^proves  that 
her  growth  is  not  an  ephemeral  thing,  bom 
and  dying  in  a  season.  It  is  a  force  that 
must  be  reckoned  with  not  only  by  Asia,  her 
own  continent,  but  by  the  whole  world. 

Fifty  years  ago  Japan  was  a  ''  geographical 
express]  on, "  according  to  the  modem  phrase. 
Today  she  is  a  nation  which  has  been  victo- 
rious in  a  great  war  with  China,  whose  popu- 
lation is  six  times  larger  than  her  own;  she 
has  used  her  victory  with  such  moderation 
that  China  is  disposed  to  turn  to  her  con- 
queror as  a  friend,  and  join  hands  with  her 
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in  resisting  the  pressnre  of  the  white  races; 
she  has  induced  Hussia  to  withdraw  from 
Korea,  a  province  which  Japan  herself  ex- 
pects to  control  whenever  the  native  govern- 
ment is  superseded  hy  a  foreign  power.  Her 
progress  in  the  practical  applications  of 
science  is  rapid.  She  has  3,000  miles  of 
railway;  her  ships  are  in  every  port;  her 
alliance  is  sought  hy  countries  which  were 
powerful  while  she  was  unknown;  her  navy 
is  lai^ger  than  that  of  any  other  nation  in  the 
eastern  Pacific,  not  excepting  even  that  of 
Great  Britain;  and  ahove  all,  she  has  at 
length  established  her  claim  to  be  received 
on  equal  terms  by  her  sister  nations,  and  to 
be  treated  by  them  in  every  respect  as  a 
civilized  power. 

This  is  the  great  event  of  the  year  1899  in 
the  history  of  Japan,  and  it  may  be  that 
July  17th,  the  date  on  which  it  was  con- 
summated, will  hereafter  be  regarded  as  an 
Independence  Day.  On  that  day  treaties 
went  into  effect  between  Japan  and  the  other 
civilized  powers,  superseding  those  which 
had  been  in  force  for  varying  periods  during 
the  past  forty-five  years.  The  French  and 
Austrian  treaties  were  concluded  a  few  days 
later.  For  the  first  time  in  modem  history 
the  white  races  have  placed  a  nation  of 
another  color  and  another  religion  on  an 
equal  footing  with  themselves;  and^  far  from 
asking  such  concessions  as  a  favor,  the 
Japanese  claimed  them  as  a  right.  They 
consider  that  the  advantages  are  not  all  on 
one  side,  by  any  means. 

The  new  treaties  give  the  freedom  of  the 
country  to  foreigners.  Heretofore  they  could 
reside  and  trade  only  in  certain  specified 
treaty  ports.  If  they  desired  to  travel  in  the 
interior  they  had  to  have  special  permission, 
or  else  be  really  or  nominally  in  the  employ 
of  a  Japanese.  This  is  now  changed.  The 
country  is  thrown  open  to  all.  Trade  may 
be  carried  on  in  districts  to  which,  as  yet, 
the  foreigner  has  scarcely  penetrated,  where 
the  population  is  large,  and  the  natural 
products  are  valuable.  Here  would  seem  to 
be  fine  openings  for  energy  and  capital.  It 
remains  to  be  seen  whether  Western  competi- 
tion will  be  welcome  in  the  interior,  where 
foreigners  are  less  known  than  on  the  sea- 
board ;  and  it  is  here  that  trouble  is  likely  to 
arise  unless  care  and  caution  are  exercised  on 
both  sides.  This  free  access  to  all  parts  of  the 
country  is  the  advantage  offered  to  the  white 
races  in  the  execution  of  the  new  treaties. 

In  the  eyes  of  the  Western  world  the  bal- 
ance of  gain  is  decidedly  in  favor  of  Japan, 
although    the  justice   of  her  claim  to  be 


admitted  to  the  sisterhood  of  civilized  nations 
is  recognized.  She  will  be  freed  from  dis- 
abilities which  have  been  a  source  of  con- 
tinual irritation  for  many  years,  and  for  the 
first  time  she  will  be  able  to  control  her 
internal  affairs  with  a  fr'ee  hand.  Under  the 
old  treaties  the  Japanese  government  had  no 
jurisdiction  over  foreigners  who  resided  in 
her  country.  If  a  foreigner  committed  an 
offense  he  was  not  subject  to  Japanese  law, 
but  must  be  tried  before  the  consular  court 
representing  his  own  country.  Japan  has 
treaty  relations  with  sixteen  foreign  powen 
(not  including  China  and  Korea);  therefore, 
in  every  treaty  port  thare  might  be  sixteen 
separate  consular  courts,  each  with  a  differ- 
ent set  of  laws,  judging  offenses  according  to 
different  standards,  often  under  the  direc- 
tion of  a  consul  whose  training  had  been  in 
the  counting  house,  and  who  had*  no  legal 
education. 

Under  the  new  treaties  this  state  of  things 
has  changed.  Offenses  of  whatsoever  kind 
and  by  whomsoever  committed  wiU  be 
judged  by  Japanese  courts,  according  to 
Japanese  laws,  and  foreigners  and  natives 
will  be  subject  to  the  same  penaltiee.  The 
new  criminal  code  of  Japan  has  been  sub- 
mitted to  the  examination  of  the  treaty 
powers;  their  courts  have  been  reformed; 
their  new  prison  system  is  known  to  be  con- 
ducted on  humane  and  modem  methods. 
Yet  it  is  not  wonderful  that  white  races 
have  hesitated  before  trusting  their  people  to 
a  system  of  justice  so  newly  adopted,  and 
which,  as  yet,  can  hardly  be  said  to  have 
passed  the  experimental  stage.  Schemes 
which  look  very  well  on  paper  do  not  always 
work  well  when  put  into  practice.  The 
spirit  of  the  Japanese  people,  however, 
appears  to  command  the  confidence  of  the 
treaty  powers.  The  government  has  given 
ample  proof  of  its  desire  to  advance.  The 
people  have  cast  off  many  of  their  old  caa- 
toms  and  have  readily  learned  new  ways. 
But  the  ways  are  still  new,  and  Japan's 
conduct  under  these  increased  responsibili- 
ties will  be  watched  with  interest  and  with 
anxiety,  while  the  almost  inevitable  defects 
in  the  working  of  the  system  will  be  sharply 
criticized. 

Other  changes  involved  in  the  new  treaties 
are  of  great  advantage  to  Japan.  Hereto- 
fore, foreign  residents  have  not  been  liable 
to  taxation.  Their,  property  will  now  be 
assessed  on  the  same  scale  as  that  of  the 
Japanese  themselves,  and  they  will  take 
their  fair  share  in  the  support  of  the  govern- 
ment under  which  they  live.    Japan  will 
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also  gain  coDtrol  of  her  own  tariff.  By  the 
old  treaties  the  import  duties  were  fixed  at  a 
uniform  rate,  and  they  were  very  low, 
nominally  only  5  per  cent,  and  practically 
not  more  than  4  per  cent. ;  while  in  foreign 
ports  Japan  has  to  pay  duties  on  the  large 
scale  which  usually  prevails  under  a  protect- 
ive tariff.  The  Japanese  have  also  long 
complained  that  foreigners  benefit  by  the 
lights  and  buoys  on  her  coast  and  by  the 
harbor  r^ulations,  and  yet  contribute  noth- 
ing towards  the  cost  of  their  maintenance 
by  means  of  harbor  and  tonnage  dues. 

Japan  needs  every  penny  on  which  she 
can  lay  her  hands.  Experiments  in  govern- 
ment are  always  costly,  and  her  initial  outlay 
in  many  directions  has  been  heavy.  The 
ordinary  expenses  of  government  would 
easily  consume  the  whole  amount  produced 
by  a  moderate  taxation  of  her  people.  The 
tax  rate  increases  rapidly,  and  yet  she  can- 
not by  any  means  live  within  her  income. 
Her  military  expenses  are  enormous,  con- 
suming nearly  two-thirds  of  her  revenue, 
and  this  is  a  severe  strain  on  the  nation. 
The  indemnity  she  received  from  China  after 
the  war  of  1894-95  was  all  spent  in  Europe 
on  naval  and  military  material,  and  so  deter- 
mined is  she  to  establish  her  supremacy  in 
the  East  that  she  risks  national  bankruptcy 
rather  than  diminish  her  war  expenditure. 
Her  aim  is  to  hold  in  the  Pacific  a  position 
corresponding  to  that  of  Great  Britain  in  the 
Western  world. 

Geographically,  the  circumstances  of  the 
two  kingdoms — or  empires — ^are  very  similar, 
with  points  in  favor  of  Japan.  The  curved 
line  of  the  Japanese  islands  extends  from 
Kamchatka  to  the  tropics,  and  throughout 
its  whole  length  it  is  within  easy  reach  of 
Asia,  commanding  the  coast  of  China,  one  of 
the  most  populous  countries  in  the  world. 


Japan  points  to  the  position  of  Great  Britain 
off  the  coast  of  a  great  continent  as  the 
original  source  of  her  commercial  superiority, 
and  sees  in  her  own  geographical  situation 
the  promise  of  corresponding  success  in  the 
future.  The  Japanese,  too,  like  other  island 
peoples,  are  born  sailors,  and  can  make  them- 
selves at  home  in  any  climate.  Protected  by 
the  seas  which  form  their  bulwark  and  the 
highway  by  which  they  are  placed  in  com- 
munication with  the  whole  world,  they 
believe  that  a  career  like  that  of  Great 
Britain  may  lie  before  them.  Who  knows 
whether  the  swing  of  the  pendulum  of  Time 
may  not  be  about  to  give  to  the  Asiatic  races 
their  turn  of  superiority  in  the  world's 
affidrs? 

Some  of  the  friends  of  Japan  think  that 
her  rulers  are  defeating  their  own  destiny 
by  making  haste;  that  their  prospects  of 
becoming  a  great  nation  in  the  future  would 
be  better  if  they  advanced  more  slowly, 
consolidating  their  national  prosperity  as 
they  went,  and  making  more  coherent  prog- 
ress. It  is  hard  for  outsiders  to  tell  whether 
the  leaders  are  not  moving  too  fast  for  the 
mass  of  the  people,  and  risking  the  fate  of 
the  vanguard  of  an  army  which  becomes 
separated  from  the  supporting  columns. 
But  slow  and  sure  methods  of  national 
advance  are  out  of  fashion  for  the  present. 
The  United  States,  and  the  British  and 
Russian  empires  now  take  the  lead  amongst 
the  nations,  and  each  has  advanced  by  leaps 
and  bounds  during  the  century  which  is  now 
drawing  to  a  close.  If  Japan  effects  the 
alliance  with  China  for  which  she  hopes, 
forming  out  of  the  Mongolian  race  one  solid 
compact  body  of  which  her  own  progressive 
spirit  shall  be  the  brain,  she  is  justified  in 
expecting  to  accomplish  great  things  in  the 
near  future. 


LIQUID  GAS  AS  A  FIRE-EXTINGUISHER. 


MR.  GEORGE  SPENCER  recently  read 
a  paper  before  The  Institution  of 
Mining  Engineers  of  London,  in  which 
he  described  the  successful  application  of 
liquefied  carbonic-acid  gas  to  extinguish  a 
fire  in  a  mine  with  which  he  is  connected. 
The  fire  was  caused  by  the  roof  falling  on 
the  steam  pipes.  The  heading  was  quickly 
built  up  and  every  effort  was  made  to 
exclude  the  air,  but  sufficient  air  reached 
the  fire  to  keep  it  burning.    It  was  then 


reeolved  to  try  carbon  dioxide,  and  six 
cylinders  of  the  liquefied  gas  were  applied, 
by  which  means  the  fire  was  completely 
extinguished.  Mr.  Spencer  does  not  claim 
that  this  method  can  be  successfully  applied 
to  all  gob  fires;  but  undoubtedly  there  are 
many  cases  that  can  be  so  treated.  This 
method  should  prove  invaluable  in  fires  on 
shipboard  and  in  warehouses,  where  much 
valuable  merchandise  is  ordinarily  destroyed 
by  the  water  used  to  extinguish  fires. 
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An  Exchange  for  Memberft  of  the  Crafts. 

Readers  are  solicited  to  send  u$  any 
inquiries  and  sUxtemerUs  of  fads  coming  under 
their  observation,  which  they  desire  to  have  dis- 
cussed by  their  fellow  workmen.  Any  rough 
pencil  sketches,  helpful  to  an  explanation,  will 
be  touched  up,  if  necessary,  and  presented  in  good 
form. 

Acceptable  answers  and  descriptions  of  work, 
other  than  direct  inquiries,  will  be  paid  for,  when 
published,  at  our  regular  rates. 

Communications  intended  for  this  department 
should  be  clearly  addressed  '*  C.  and  S.**  Editors 
of  Science  and  Industry,  Scranton,  Pa. 

Write  on  one  side  of  the  paper  only.  Make 
sketches  on  separate  sheets  of  paper.  The  name 
of  the  writer  will  appear  in  the  magazine,  unless 
otherwise  requested. 

ARCHITECTURAL  LBTTBRINO. 

P.  H.  M.,  OmcJui,  Nd>. 


I  ALWAYS  look  to  the  Chips  and  Spalls 
columns  of ' '  The  Build  ing  Trades  Magazine ' ' 
for  ingenious  ideas  and  suggestive  queries, 
and  was  struck  by  John  Sterlinger's  inquiry 


£ 


^^ 
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Sketch  -  Balcony 
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about  handy  lettering  for  drawings,  in  the 
September  issue.  Being  also  a  ^'pencil 
pusher, ''  I  am  much  interested  in  the 
matter  myself,  and  perhaps  my  experience 
in  this  line  may  be  valuable  to  him  and 
other  readers. 

To  begin  with,  nearly  all  of  us  are  poor 
letterers  by  nature,  and  need  a  lot  of  practice 
that  we  do  not  get  time  for.  To  make  my 
drawings  look  respectable,  I  use  (when  on 
my  good  behavior)  the  system  shown  in  the 
sample  which  I  send.     As  may  be  ^een, 


the  feature  of  thiB  system  is  its  liberal  use 
of  circles.  One-third  of  the  small  alphabet, 
including  the  letters  most  used,  and  one-iifth 
of  the  capitals  in  this  system,  are  founded 
upon  the  circle,  and  hence  can  be  quickly 
drawn  with  the  bow-pen.  My  practice  is  to 
sketch  all  the  letters  of  a  diawing  roughly 
in  pencil  on  guide  lines,  as  shown,  and  then 
finish  up  freehand.  I  have  found  that 
accurately  round  letters,  sprinkled  liberally 
among  imperfect  angular  ones,  go  a  good  way 
towards  redeeming  the  character  of  the  work. 

WRITING  ON  8TBBL. 

ChemUt. 

I  HERE  submit  to  the  readers  of  Science 
AND  Industry  a  method  by  which  I  suc- 
ceeded in  putting  my  name  and  address  on 
my  steel  square.  This  will,  undoubtedly, 
be  of  value  to  many  mechanics,  especially 
apprentices,  who  are  more  or  less  annoyed 
by  having  their  tools  borrowed  for  some 
time,  or  even  stolen.  When  we  have  loaned 
a  tool  to  some  workman,  the  real  ownership 
of  it  is  often  lost  sight  of,  and  there  is 
usually  a  diBpute  before  you  can  regain  your 
property.  This,  however,  is  avoided  when 
your  name,  in  frill,  is  upon  it  The  way  in 
which  I  succeeded  in  marking  my  steel 
square  was  as  follows: 

I  took  a  glass  bottle,  partially  filling  it  with 
vinegar,  and  placed  in  it  enough  table  salt 
to  make  a  strong  solution.  I  then  poured  in 
enough  blue  vitriol  to  make  the  solution 
dark  blue  in  color.  Taking  a  piece  of  soap, 
I  rubbed  it  over  the  steel  square  where  I 
wished  to  engrave  my  name,  and  then  with 
a  nail  I  wrote  my  name  and  address.  I 
then  spread  the  solution  over  the  spot,  and 
when  the  outline  of  the  name  had  changed 
to  a  dark-red  color,  I  washed  the  soap  ofi* 
and  found  the  solution  had  eaten  into  the 
steel  and  there  was  my  name  and  address, 
in  my  own  handwriting,  indelibly  engraved 
upon  the  hard  steel.  The  cost  of  this 
solution  was  only  a  few  cents,  and  I  think 
any  mechanic  that  is  troubled  by  having  his 
kit  of  tools  depleted  by  those  who  borrow 
and  seldom  return,  could  possibly  use  this 
suggestion  with  advantage. 

A  HANDY  OILSTONB  AND  NAIL  SBT. 
W.  U.  D.  Bogue,  Chicago,  lU. 

Accept  my  thanks  for  the  check  you  sent 
me  for  the  good  scheme  published  in  a 
recent  number  of  your  magazine.  I  endoee 
two  more  ideas,  which  may  be  of  use  to  my 
fellow  craftsmen. 
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Fig.  1  ehowe  an  oilMone  eet  in  the  lide  of 
a  jack-plane  so  thnt  ita  enrfoce  projecta 
about  \  inch.  The  general  appearance  ia 
shown  in  A,  while  B  ehows  the  etone  in 


section  of  the   set.    If  a  groove  is  filed 
around  the  eet,  it  will  aaaiat  in  keeping  it  in 


(M. 


position  for  nee.  A.  carpenter  will  find  this 
combination  very  handy.  When  he  is  on  a 
high  scaffold  he  doeen't  have  to  come  down 
to  sharpen  his  plane,  or  run  to  his  tool  box 
at  other  times. 

[Note. — As  the  workman  needs  oil  to  nee 
his  stone,  and  also  to  smooth  up  his  saws,  it 
wonld  be  a  good  idea  if  a  hole  were  bored 
in  the  body  of  the  plane,  eay  at  a,  in 
which  a  cylindrical  oil  can,  snch  as  sold  for 
bicycles,  could  be  kept.  The  can  could  be 
kept  in  place  by  a  leather  flap,  or  by  a 
revolving  washer  of  any  kind.~ED.] 

In  Fig.  2  ie  ehown  a  handy  scheme  for 
carrying  a  nail  set  Few  carpenters  con- 
stantly carry  a  nail  set;  consequently,  when 


The  wbtteb  gives  the  following  description 
of  a  method  that  he  nsed  to  make  waste 
heat  do  oeeful  work,  in  the  hope  tliat  it  may 
be  of  some  help  to  others  who  may  be  asked 
to  solve  a  similar  problem.  When  instalting 
the  mechanical  plant  of  a  large  building, 
among  other  things  a  hot-water  heater  was 
required  to  supply  about  75  outlets  for  sinks 
and  wash  basins. 

To  do  this  work,  a  cylindrical  tank  No.  2 
was  made,  and  suspended  from  the  ceiling  of 
the  boiler  room.  It  was  fitted  with  a  brass 
heating  coil,  one  end  of  which  was  connected 
with  a  live-  steam  pipe  from  boilers,  the  other 
to  a  trap,  as  shown  in  sketch,  to  take  care  of 
the  wat«r  of  condensation.  The  temperature 
of  the  water  was  controlled  by  a  thermostat 
of  the  Johnson  Heat  Begulating  Company's 
regular  style.  Wat«r  to  supply  the  heater  ie 
taken  from  the  storage  tank  No.  1  on  the 
roof,  to  the  bottom  of  the  healer,  where  it 
comes  in  contact  with  the  brass  steam  coil 
and  is  heated.  The  city  will  not  allow  boil- 
ing water  to  be  thrown  into  the  sewers;  for 
this  reason  It  was  necessary  to  make  pro- 
vision for  the  cooling  of  water  from  drips, 
steam  traps,  etc.,  and  the  hot  water  ^m 
boilers  when  blown  down,  in  order  that  it 
might  enter  the  sewers  at  a  safe  temperature. 
For  this  purpose  a  large  cylindrical  closed 
tank  was  made,  fitted  with  a  bra^  coil, 


they  need  one  they  use  a  nail,  which  either 
stings  their  fingers  or  flies  past  their  para 
with  that  tvry  unpleasant  hum  we  all  know 
ao  well.  Sketch  A ,  Fig.  2,  ebowB  the  punch 
in  place.  A  leather  washer  b  is  fastened  to 
the  end  of  the  handle,  the  hole  in  the 
washer  being  slightly  smaller  than  thecross- 


through  which  co)d  water  could  be  f 
to  cool  the  water  in  tank  No.  3.  The  water 
from  the  tank  is  pumped  into  the  sewer  by 
an  ordinary  duplex  steam  pump,  controlled 
automatically  by  a  gravity  governor.  Hav- 
ing two  opposite  ends  to  attain,  Ibe  idea 
sugge8t«d  itself  that  it  would  be  a  good  plan 
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to  make  them  work  together.  This  was 
carried  out  by  means  of  the  arrangement  of 
piping  as  shown  in  sketch.  All  pipes,  valves, 
etc.,  not  in  use  in  the  actual  scheme  for  heat- 
ing and  cooling,  are  purposely  omitted  from 
sketch,  to  prevent  confusion. 

The  method  of  working  the  arrangement 
is  as  follows:  To  work  the  tanks  together, 
open  valves  A,  i>,  E,  and  close  -B,  0,  F;  the 
water  will  now  fiow  down  pipe  G  to  pipe  H 
and  through  it  to  the  coil  in  the  drip  tank, 
where  it  takes  heat  from  the  hot  water  in  tank 
No.  3,  and  circulates  in  coil  to  pipe  /  to  the 
portion  of  pipe  O  above  the  closed  valve  B 
into  the  heating  tank  No.  2,  whence  it  flows 
to  where  it  is  needed  in  the  house.  A  ther- 
mometer is  inserted  in  pipe  J,  so  that  the 
temperature  of  the  water  can  always  be 
noted ;  it  ranges  in  this  case  from  150°  F.  to 
190°  F.,  but  is  generally  almost  stationary  at 
about  180°  F. 

If  necessary  to  cool  the  water  in  drip  tank 
No.  3  quickly,  it  can  be  done  by  closing  valves 
P  and  E,  opening  valve  C  from  city  mains, 
and  valve  l^*,- which  will  allow  the  water  from 
the  coils  to  pass  through  trap  K  into  the 
sewer.  Now  open  valve  B,  to  allow  the 
water  from  6^  to  enter  the  heater  No.  2 
direct,  and  turn  on  steam  to  heater  coil;  it 
will  then  work  without  interfering  i^ith  the 
other  tank  or  its  piping. 

Where  large  quantities  of  hot  water  are 
needed,  if  the  waste  heat  were  not  enough 
to  give  the  required  temperature,  the  scheme 


would  still  save  considerable  steam,  the 
live-steam  coil  only  working  long  enough 
to  make  up  the  difference  between  the 
incoming  water  to  the  heater  and  the  tem- 
perature required.  In  this  case,  however^ 
the  apparatus  haa  been  working  two  years. 
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The  steam  coil  has  never  been  used  since 
it  was  tried,  when  first  put  in.  In  thb 
instance,  we  save  at  both  ends,  the  steam 
and  water — ^the  water  being  metered  and 
sold  by  the  cubic  foot. 


TRADE  NOTES. 


Not  all  machinery  is  productive  of  gain 
directly ;  a  good  deal  of  it  serves  indirectly 
only — none  the  less  effectively,  however,  by 
preventing  loss.  Of  the  latter  kind  is  a 
machine  that  the  makers  choose  to  call  an 
arbor  press.  We  cannot  but  fully  endorse 
the  maker's  claim  as  to  the  usefulness  of 
such  a  contrivance  in  any  shop,  even  if  there 
is  but  a  single  lathe  in  it.  A  set  of  nicely 
turned  and  finished  mandrels  is  almost  as 
much  part  and  parcel  of  a  lathe  as  the  main 
spindle  itself;  but,  while  no  one  would 
dream  of  belaboring  the  main  spindle  with 
a  sledge  hammer,  the  mandrels  are  unmerci- 
fully beaten,  bruised,  bent,  and  broken  in 
the  endeavor  to  drive  them  in  or  out  of  a 
piece  of  work.  As  mandrels  cost  money, 
and  it  takes  time  to  fix  them  up  again  after 
a  severe  attack  from  the  sledge  hammer,  it 
is  evident  that  a  contrivance  designed  to 
press  mandrels  in  and  out  without  injuring 


them  will  soon  pay  for  itself.  Such  a  con> 
trivance  is  the  arbor  press,  the  mechanibm 
of  which  is  simple.  These  machines  are 
made  by  Edwin  £.  Bartlett,  Boston,  Mass. 

M.  T.  Richardson  Co.,  27  Park  Place,  New 
York,  publishers  of  "The  Amateur  Sports- 
man,"  in  order  to  increase  the  already  laige 
subscription  list  of  that  excellent  journal,  is 
offering  as  an  inducement  to  new  sabecri- 
bers  a  sportsman's  knife  that  is  reliable  in 
every  respect.  This  knife,  which  is  illus- 
trated in  our  advertising  columns,  is  an 
excellent  article  to  have  while  on  a  hunting 
or  fishing  trip. 

We  have  received  from  The  Standard 
Tool  Company,  Cleveland,  Ohio,  a  veet- 
pocket  edition  of  their  catalogue.  Besides 
being  a  catalogue,  it  contains  blank  ebeets 
of  profile  paper  for  notes  and  sketches,  and 
useful  matter  for  machinists. 
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NOTB.— ^ddrew  oA  UXUrt  canUjAni/mo  queationt  to  be 
amtwered  in  Udt  department  to  Scibmcb  and  Industry, 
SeranUm^  Pa. 

1.  Put  tide  cuidreee  both  on  the  envelope  and  at  the 
head  qf  the  letter. 

f .  Only  quetUoni  qf  general  iniereet  to  our  readere 
tgOlheannoered. 

5.  No  queatUme  vriU  be  antwered  by  tnaiL 

i.  DrawingeortketcheeaceompanyingqueettontthotUd 
be  made  on  a  eeparate  eheel  qf  paper,  and  ihould  be 
draimh  at  clearly  ae  postMe. 

6.  The  namee  and  addreetee  qf  the  unitert  mntl 
o/eeompany  the  lettertf  orno  attention  trill  be  paid  to  them, 
Onlem  otherwise  requeetedt  we  vriUpubUeh  only  theinitialt 
and  addreet  of  the  writer. 

9.  Rtference  to  inquMee  previously  answered  should 
give  date  qf  issue  and  number  qf  question. 

7.  Any  book  not  out  of  print  and  for  sale  by  regular 
dealers  maybe  ordered  through  the  Magaeine. 


(250)  IB  it  possible  to  make  a  practical  storage 
battery  to  operate  an  8-  or  10-candlepower  lamp  on  a 
bicycle?  If  so,  would  you  please  nye  me  the  direc- 
tions how  to  make  and  use  one?  I  would  charge  it 
from  a  110-TOlt  dynamo. 

A.  P.,  Emhierick,  Germany. 
Ans.— We  know  of  no  successful  storage  battery  for 
a  bicycle  that  will  operate  a  lamp  of  this  size.  Such 
batteries  have  proved  to  be  too  heavy  and  have  not 
been  able  to  compete  with  the  acetylene  light. 
Small  electric  lamps  for  bicycles  have  been  made 
which  are  operated  by  a  small  primary  battery, 
usually  of  the  dry  type.  The  lamps  operated  by  such 
batteries  are,  however,  much  smaller  than  8  or  10 
candlepower.  We  would  advise  you  to  write  to  Jas. 
0.  Banon  &  Co.,  24-^  Hudson  Street,  N.  Y.,  or  to  The 
Ohio  Electrical  Specialty  Manufacturing  Company, 
Troy,  Ohio. 

«  * 

(251)  I  have  a  small  ^-horsepower  motor,  the  field 
magnets  of  which  are  wound  with  six  layers  of  No. 
18  double  cotton-covered  wire.  The  armature  is  of 
the  shuttle  type,  wound  with  No.  15  wire.  It  is  a 
shunt-wound  machine,  and  is  at  present  connected 
in  series  with  fifteen  lamps  in  parallel  across  a  110- 
volt  circuit,  (a)  Can  you  inform  me  of  a  cheaper  or 
a  better  method  than  connecting  the  motor  in  series 
with  the  lamps,  as  above?  (5)  Could  more  power  be 
obtained  by  connecting  the  field  in  series?  (c)  Can 
you  give  me  directions  for  makine  a  battery  suitable 
for  running  a  small  motor  of  this  Kind  ? 

O.  S.  W.,  Madison,  Me. 

AN8.—(a)  You  might  make  a  cheap  resistance  of 
iron  wire  which  would  answer  the  purpose  as  well  as 
the  lamps.  Such  a  resistance  would  need  to  be  of 
about  12  or  15  ohms.  (5)  A  small  motor  wound  as 
you  have  described  should  have  its  field  connected 
in  series  with  the  armature  when  operated  in  series 
with  the  resistance.  This  should  give  you  a  stronger 
field  when  the  motor  is  loaded,  because  all  the  cur- 
rent will  flow  through  the  field.  The  motor  would 
tend  to  race  if  the  load  was  thrown  off  altogether, 
with  field  and  armature  in  series,  (c)  You  would 
need  a  very  large  battery  to  supply  I  horsepower, 
and  it  would  not,  on  the  whole,  be  a  satisfactory 
method  of  operation.  The  best  type  for  this  purpose 
would  be  a  bichromate  plunge  battery.  This  con- 
sists of  two  carbon  plates  or  series  of  carbon  rodf , 
between  which  is  hung  a  zinc  plate  that  can  be 


'i 


lifted  out  of  the  solution  when  the  battery  is  not  in 
use.  Tb  e  solution  is  made  up  of  3  parts  of  potassium 
bichromate  dissolved  in  18  parts  of  water,  to  which 
is  added  4  parts  of  sulphuric  add.  All  parts  given 
are  by  weight. 

(252)  Please  send  solution  to  the  following  problem: 

In  the  accompany- 
ing diagram  (Fig.  1 
the  two  circles  O  an 
Pintersect  at  A  and  B. 
If  the  area  of  the  cir- 
cle O  is  5  times  the 
area  included  be- 
tween the  arcs  A  PB 
and  A  CB,  how  is  the 
radius  PC  found  7 
C.  T.,  Belleville,  ni. 
Ans.  —  In  order  to 
solve  this  problem, 
the  radius  B  of  the 
circle  O  must  be 
known.  Let  the  required  radius  PC  =  PB  be 
denoted  by  R\.  Then,  by  drawing  the  lines  shown 
in  Fig.  2,  we  have:  Area  APBC  =  sector  A  OBP 
—  triangle  AOB  -k-  sector  PA  CB  —  triangle  PA  B 
=  iR*X2x-iB^ahi2x  +  ^Ri*X2x'-^Bi*sin2af 
=  IP(x  —  tin  xcoax) +Ri*{xf— iBiii2xf).    Now, 


Fig.  1. 


J?,2  -  (2i?8injx)«  =  212«(l-oosa;):  x'  = 


w  —  X 


PlO.  2. 

Substituting  above,  and  putting  result  =  ^w  IP, 
we  get 
R^  (x  —  sin  2  cos  2)  +  2iP  (1  — cosx) 


(■ 


—  Jsinx 


/   ~      5    • 


which  is  easily  transformed  into 

(ir  —  x)  cos x  +  sinx  —  |ir  =  0. 
Solving  this  equation  by  one  of  the  methods  of 
successive  approximations,  the  value  of  x  can  be 
found  to  any  desired  degree  of  accuracy.  By  using 
Newton's  method,  we  have  found  x  (degrees)  = 
39°  54'  12^'.  The  value  of  i^i  is  2  i?  sin  (  x.  that  is, 
2 /J  sin  19057' 6". 

(253)  (a)  What  is  the  easiest  and  best  way  to  de- 
termine the  size  of  main  feed  and  main  return  pipe 
for  a  steam-heating  svstem?  I  want  a  quick  and 
economical  method,  (b)  I  have  eight  radiators,  con- 
taining 84  feet  of  heaUng  surface  each.    It  requires 
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Inch  pipe  U  -- 


a.  D..  Jicbs 

Atn.— (a)  Tbe quickest methodofdetermlnliiK the 
BlEHof  Bteam  pipes,  ndfaton,  or  bollen,  or  ui^other 
pKrtoCa  Meam-lieKtlDg  afilem.  !■  bymeaoiaC  chBiti. 
and  we  would  therefore  adrln  you  to  lecure  Ihem. 
You  UD  procure  ■  >eC  of  four  cliiMi,  all  bound 
toother,  !□  one  double  folder.  They  ue  sold  by 
The  Technical  Bupply  Compuiy,  ScnnUin,  Pa.,  for 
tl.OO  per  Kt.  All  who  fl^re  radlalloa,  or  In  any  way 
proportion  ileam-beallnKiyitema,  Ehould  be  proTtded 
with  a  (clenUlIc  chart,  (b)  Yon  may  itait  olT  with  a 
2t-lDch  neam  maio.  and  come  back  with  a  2-iDch 
return  main  If  your  ■yBtem  is  of  the  ordinary  kind. 


out  the  bottom  out,  turned  the  lank  upeide  down, 
and  connected  with  irange  by  l|-lncb  pipe,  and  uied 
It  ae  an  open  t»nk.  It  nowmakea  Ki  much  nolle, 
pounding,  that  unlw  remedied  It  will  have  to  be 
taken  out.  The  connecting  plpa  are  level;  the  boiler 
la  2  feet  Itom  the  opeoluK  In  the  waterbaek;  the 
lower  pipe  la  i  Incbea  from  the  bottom  of  boiler,  and 
(he  top  one  li  6  Inchea  hlsber;  tbe  boiler  li  24  Inches 
In  diameter,  and  about  b  Teet  nigh.  Con  you  niggeat 
a  remedy  for  the  pounding? 

O.  Q.  C.,  Grand  Junction,  Colo. 
Ans.— Place  tbe  upper  pipe  higher,  aay  about  mid- 
way Id  [be  Delgbt  of  Ibe  boiler. 


(255)  Khidly  give  me  your  opinion  and  a  remedy. 
If  there  la  one,  For  the  condeniatlon  of  natural.gan 
vapors  In  brick  flues.  For  several  winters  past  a 
certain  cbnicb  In  this  city  tbat  Is  beated  by  a  bol- 
water  beating  ayatem.  having  naUual  ga*  Ibr  fuel, 
hu  had  conaiaeraUe  trouble  caused  by  condenaatlon 
In  the  flaca.  Ice  being  formed  on  top  during  ezceed- 
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and  the  top  of 

the  cellar  would  keeii  the  Inner 


,  ieaviiig  the  bottom 
^e  pipe,  open  to  the 
arm  air  ruing  ^m 


uner  {ripe  froie  just  t 

large  quantities  on  tO|i  ui   me  nuc  Lum  il  uv 

dangerous  to  pass  bennlh  it.    Three  dllTcrent  m 


the  chimney,  or  any  point  convenient  Ibrthe  heater, 
the  products  will  then  mti  with  the  air  and  become 
BodllutedaatocondentebntTerylltCleon  thesldaof 
the  chimney.  The  air,  therefore,  will  act  as  an 
alaorbent  and  carry  the  moisture  with  It.  Judging 
from  the  rapldlly  with  which  the  vapor  condenMs 
and  from  the  rapid  fonsation  of  Ice  on  top  of  the 
Sue,  we  are  led  to  suppose  that  your  chimney  Is  bnlll 
In  a  very  cold  place,  and  stands  isolated  and  exposed 
to  oold  winds.  If  It  were  built  In  a  warm  place  yon 
would  not  be  troubled  so  much. 

<2M)  If  a  load  of  3.000  pounds  la  snipaided  traa 
ciane  as  shown  Id  eDcloaed  sketch,  what  is  tbe  strea 
(o)  In  the  strut  ST  (6)  In  the  Ue-rod  71  (e)  whatia 
the  horliontal  pressure  against  tbe  top  support  OT 
Please  show  bow  these  can  be  worked  ont  by  the 
parallelogram  of  forcea.  J.  C,  Sheffield,  Ho. 

AMs.— (□.b.andc)  Thestreaeslnthemembanofthe 
crane  may  be  determined  by  drawing  a  alj'ess  dla- 
gram,  which  Is  constmcted  ss  tbllows:  The  vertical 
line  ab  Is  drawn  to  scale  equal  to  the  vertical  load 
of  3,000  pounds;  be  and  ca  are  then  drawn  parallel 


3  inches  square  and  about 


e  forming  in  such 


a  quantity  of  cosl  with  the  gar,  the  lurplua  heat 
from  the  coal  would  keep  the  Sue  warm,  and  the 
gas  would  eacapc.  I  «ould  be  pleaaed  In  have  any 
sugge»tlon  that  «111  overcome  ihr>  dlfflculty, 

9  W.  SI.,  PlltoUirg,  Pa. 
Anh.— The  cause  of  your  trouble  Is  watery  vapor,  a 
product  of  the  combustion  of  gaa  that  Is  given  off  by 
all  gas  Barnes,  We  cannot  think  of  any  suitable 
means  of  removing  that  vapor  from  tbe  other  products 
of  combustion  before  they  enter  tbe  chimney  except 
a  condenasT  to  condenae  It,  or  chemicals  to  absorb  It. 
Tbe  condenaei,  however,  would  require  a  bn  placed 
In  the  Que  to  give  a  draft  to  the  chimney,  because 
then  the  products  of  combustion  would  be  cooled  as 
low  aa  that  of  the  atmosphere  and  consequently 
would  not  produce  a  natural  draft.  Since  we  can- 
not remove  the  moisture  Entisfactorlly  without  the 
Inslsllatlou  of  mechanism.  It  would  appear  tbat  the 
be«  plan  la  to  nculrallze  the  evil  effecu  of  that 
moisture  aa  much  aa  possible  while  il  flows  up  the 
chimney,  and  this  can  heat  be  done  by  tbe  applica- 
tion of  dry  air.  It  seems  to  ua  that  if  you  ventilate 
your  cellar  through  the  chimney  and  thus  have  a 
current  of  air  pacing  through,  aud  then  discharge 
the  products  of  combustion  from  the  healer  Into  this 
current  of  air.  a  few  feetabove  the  bottom  openlngof 
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pounds.  At  joint  J7  there  is  also  a  bending  moment 
in  the  vertical  member  M  equal  to  2,870  X  86  =  85,820 
inch-ponnds.  This  bending  moment  can  be  reduced 
by  placing  the  reaction  O  and  the  joint  if  nearer  to 
each  other. 

(257)  Can  you  give  me  the  names  and  cost  of  some 
good  books  on  economic  geology  and  the  metallurgy 
of  the  more  important  American  metals  (excluding 
iron);  i.  e..  gold,  silver,  lead,  and  sine? 

H.  M.  K.,  McKee,  N.  C. 
AUB.— As  works  on  economic  geology  we  can 
recommend  "  A  Treatise  on  Ore  Deposits,"  by  J.  A. 
Phillips,  price  $10.00;  "  Ore  Deposits  of  the  United 
States,"  by  Kemp,  price  S4.00.  As  works  on  metal- 
lurgy we  can  recommend  the  folio  wing:  For  copper, 
**  Modem  Copper  Smelting,"  by  Peters,  price  S5.00. 
For  lead,  "Metallurgy  of  Lead,"  by  Hoifhian,  price 
$6.00.  For  gold,  "  Metallurgy  of  Gold,"  by  Essler, 
price  $5.00;  "  Metallurgy  of  Gold,"  by  T.  A.  Rose, 
price  $6.00;  or,  better  still,  a  series  of  articles  on 
metallurgy,  written  by  H.  Van  F.  Furman,  and  pub- 
lished in  *«  Mines  and  Minerals."  On  silver,  **  Metal- 
lurgy of  Silver,"  by  Essler,  price  $1.00.  The  best 
thing  that  has  been  published  on  the  metallurgy  of 
sine  will  be  found  in  Vols.  VI  and  VII  of  the 
Missouri  Geological  Survey,  and  a  good  article  on 
the  metallurgy  of  oopper  will  be  found  in  a  pam- 
phlet entitled  "  Mineralogy  of  Copper,"  by  Henry  M. 
Howe,  which  is  published  by  the  United  States 
Geological  Survey.  As  a  book  on  metallurgy  in 
general,  giving  the  .principal  treatment  of  all  the 
metals,  we  can  recommend  "Elements  of  Metal- 
lurgy," by  J.  A.  Phillips,  price  $9.00.  Any  of  the 
above  books  can  be  obtained  from  The  Technical 
Supply  Company,  Scranton,  Pa.,  with  the  exception 
of  the  Missouri  Geological  Reports,  which  can  be 
obtained  by  writing  to  the  Geolofl^cal  Survey  of 
fiiissourl,  and  the  United  States  Geological  Reports, 
which  can  be  obtained  by  writing  to  Washington, 
D.  C.  The  copies  of  "  Mines  and  Minerals  "  can  also 
be  obtained  by  writing  to  "  Mines  and  Minerals," 
Scranton,  Pa. 

(258)  (a)  Is  it  possible  to  cut  a  gear  of  53  teeth 
with  a  dividinR  head  in  which  40  turns  of  the  worm 
cause  one  revolution  of  the  disk?  I  have  only  one 
disk,  with  nine  circles  of  holes  on  each  side,  as  fol- 
lows: On  one  side:  18,  24,  28,  30,  84,  87,  38,  39,  41.  On 
other  side:  66.  62,  58.  54,  49,  47.  46,  48,  42.  (b)  Is  it 
possible  to  cut  any  prime  number  of  teeth  by  com- 
pound indexing,  outside  of  the  prime  numbers  on 
me  disk?  (c)  Can  I  cut  any  prime  number  not  on 
disk,  by  triple  indexing,  that  is,  by  using  three  circles 
of  holes  ?    (d)  How  can  81  teeth  be  cut? 

R.  L..  Chicago,  111. 
AN8.— (a  and  b)  The  method  of  compound  index- 
ing is  explained  la  "  Home  Study  Magazine,"  March, 
1S98,  Answers  to  Inquiries,  No.  53:  it  is  there  shown 
why  it  is  impossible  to  cut  any  prime  number  not  on 
the  disk.  However,  though  it  is  impossible  to  cut 
with  mathematical  exactness  any  prime  number  not 
on  the  disk,  yet  it  can  be  done  with  sufficient  exact- 
ness for  practical  purposes.  For  example,  we  can 
cut  53  teeth  by  takiug  A  +  H  for  each  tooth;  that  is, 
by  going  7  holes  on  the  66  circle,  and  24  holes  on  the 
87  circle  for  each  tooth.  The  error  in  this  approxi- 
mation is  estimated  as  follows:  For  each  tooth,  the 
dividing  shaft  makes  ^^  +  §^  of  a  revolution;  there- 
fore, the  disk  makes  A  d^  +  ^)  of  a  revolution;  and 
for  53  teeth,  the  disk  makes  H  (^  +  fl)  =  .9999897  of 
a  revolution  instead  of  1  complete  revolution,  the 
error  being  1  —  .9999897  =  .0000103.  The  last  tooth, 
therefore,  would  be  .0000103  of  the  circumference  too 
large.  If  the  diametral  pitch  is  1,  the  circumference 
is  nearly  166  inches;  and  the  error  in  the  last 
tooth  is  .0000108  X  166  =  .0017  inch.     For  any  other 


pitch  the  error  must  be  divided  by  the  diametral 
pitch;  thus,  for  58  teeth  of  6  pitch,  the  error  in  the 
last  tooth  is  .0017  H-  6  =  .0003  inch,  nearly.  We  may 
also  cut  53  teeth  by  taking  6|f  —  ,<V  for  each  cut;  that 
is,  by  giving  the  dividing  shaft  6  complete  revolu- 
tions, then  going  43  holes  on  the  47  circle,  and  going 
back  6  holes  on  the  49  circle.  By  this  method  the 
teeth  are  not  cut  consecutively,  and  we  have  to  go 
9  times  round  the  disk  before  the  53  teeth  are  cut. 
When  the  diametral  pitch  is  1.  the  error  iu  the  last 
cut  is  .0066;  to  find  the  error  for  any  other  pitch,  we 
divide  this  error  by  the  diametral  piteh.  («)  Triple 
indexing  will  not  enable  us  to  cut  any  prime  number 
not  on  the  disk  with  mathematical  exactness,  but 
afibrds  greater  choice  of  ways  of  cutting  the  teeth 
approximately,  (d)  To  cut  81  teeth  take  5^  — A: 
that  is,  5  complete  turns,  5  holes  on  the  41  circle,  and 
backward  9  holes  on  the  49  circle.  To  cut  the  81 
teeth,  we  have  to  go  10  times  round  the  disk. 

» 

(259)  We  have  a  flush  closet  in  our  house,  of  the 
usual  kind.  It  is  operated  bv  pulling  a  chain  and  so 
opening  the  valve,  but  sometimes  it  flushes  of  its  own 
accord,  without  the  chain  being  pulled.  What  is  the 
cause,  and  what  is  the  remedy  ? 

A.  G.  S.,  Milwaukee.  Wis. 
Ans.— The  reason  why  your  water-doeet  tank  flushes 
of  its  own  accord  is  that  the  ball-cock  leaks  water 
into  the  tank  all  the  time,  and  in  such  a  quantity  as 
to  overflow  the  tank  and  start  the  siphon.  The 
remedy  is  to  repair  the  leak.  Perhaps  the  ball-cock 
just  requires  a  new  washer. 

(260)  (a)  Kindly  elve  me  the  recipe  for  Roman 
flux  gold  used  for  cnina  painting,  and  also  one  or 
two  other  sold  paints  used  for  the  above  purpose. 
(5)  What  do  you  consider  a  good  work  on  cnlna 
painting,  and  where  can  I  obtSkin  it? 

A.  Z..  Elkhom.  Mont 
Ans.— (a)  Roman  gold,  also  known  as  matt  gold, 
burnish  gold,  dead  gold,  etc.,  is  prepared  by  mixing 
pure  powdered  gold  with  oil  of  turpentine  as  a 
medium,  and  anhydrous  borax  as  a  flux.  Metallic 
gold  is  dissolved  in  aqua  regia,  and  then  precipitated 
in  the  form  of  a  fine  brown  powder  by  the  addition  of 
potash  or  green  vitriol.  This  powder  is  thoroughly 
washed  in  distilled  water  and  carefully  dried,  after 
which  it  is  rubbed  on  a  slab  with  borax  and  oil  of 
turpentine.  When  this  is  applied  to  china,  and  the 
latter  is  "flred,"  the  oil  evaporates  and  the  borax 
unites  the  gold  to  the  glaze  of  the  ware.  The  same 
result  may  be  attained  by  executing  the  design  on 
the  china  with  borax  and  oil  of  turpentine,  and  then 
laying  gold  leaf  on  the  sticky  outline.  (5)  A  good 
book  on  china  painting  is  "A  Manual  for  China 
Painters,"  by  Mrs.  N.  Monachesi.  It  may  be  obtained 
from  The  Technical  Supply  Company,  Scranton,  Pa.; 

price,  $1.25. 

* 

(261)  (a)  I  wish  to  build  and  place  a  hot-air  fur- 
nace in  a  6-room  flrame  dwelling.  How  can  I  arrange 
for  good  ventilation  in  winter,  without  exposing  the 
inmates  to  cold  drafts?  Two  of  the  rooms  will  nave 
flues  and  fireplaces,  for  use  when  the  furnace  is  not 
running;  will  these  flues  produce  enough  ventilation 
for  these  rooms?  (6)  Is  it  good  policy  to  have  water 
near  the  furnace,  and  in  the  rooms  slh  well,  for  keep- 
ing the  air  moist,  or  is  water  at  the  furnace  alone 
sufficient?  (c)  I  intend  to  nail  a  board  lining  on 
studding,  then  paper  and  weather  boards;  is  there 
any  danger  of  thepa per  becoming  damp  and  making 
the  house  damp?  id)  To  cleanse  the  pipe  iu  the 
kitchen  sink,  what  shall  I  pour  down  it? 

L.  M.,  Dayton,  Ohio. 
Ams.— (a)  It  is  customary  to  depend  on  the  venti- 
lation naturally  obtained  trom  a  hot-air  fiumace- 
heating  system  for  an  ordinary  6-room  frame  dwell- 
ing, without  introducing  special  inlets  independent 
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of  the  furnace-heating  system.  The  open  fireplaces 
as  a  rule  produce  sufficient  ventilation  for  the  rooms 
in  which  they  are  placed.  (2> )  It  is  well  to  have  a  pan 
of  water  standing  in  the  room  to  act  as  a  hamldifler, 
for  the  pan  in  the  furnace  is  usually  so  located  that 
the  water  does  not  evaporate  quickly  enough  to 
produce  the  desired  humidity  before  the  air  enters 
the  rooms,  (c)  If  you  are  carefUl  in  putting  on 
the  weather  boards,  there  should  be  no  danger  of 
the  paper  becoming  damp.  Put  on  the  clapboards 
weather-tight,  and  arrange  the  joints  so  that  the  rain 
will  fall  and  wash  clear  of  the  crevices,  (d)  Pour 
hot  lye  down  the  pipe,  or  place  a  handful  of  wash- 
ing soda  in  the  sink  and  pour  boiling  water  over  it. 
Either  of  these  should  cleanse  the  pipe. 

(262)  In  the  figure,  the  perimeter  ABCDEFA\b 
4  mile,  the  diameter  of 
the  larger  circle  is  400 
feet,  and  the  angles  e 
and  &  are  lO^'.  Find  the 
distance  x  and  the  diam- 
eter of  the  larger  circle. 

O.  C.  G.,  Hobbs,  Ind. 

Ans.— Denoting  the  ra- 
dius of  the  smaller  circle 
by  r,  the  unknown  quan- 
tities X  and  r  are  ob- 
tained fh>m  the  follow- 
ing equations: 

r  =  200  -  tan  10°; 

a;  sec  10°  +  --r    »  r  = 


2,640 -( 


180 
400XirX 


200 
360, 


The  solutions  of  these 
equations  gives  x  =  899.21 
feet,  and  r  =  41.44  feet; 

whence  the  diameter  of  the  smaller  circle  is  82.88 
feet. 

(268)  (a)  What  is  the  chemical  composition  of  the 
eaJBoline  used  in  gasoline  enginen;  is  it  made  arti- 
ficially, or  is  it  a  mineral  oil?  ib)  What  is  petroleum, 
and  where  if*  it  found?  What  is  the  difierence 
between  petroleum  and  kerosene? 

A.  L.  L.,  Anneta,  Tex. 

Ans.— (a)  Gasoline  is  one  of  the  products  of  the 
fWtctional  distillation  of  crude  petroleum;  it  is  com- 
posed of  carbon  and  hydrogen,  mainly  of  hexane 
C«JTi4,  and  distils  over  at  about  60°  C.  (b)  Petroleum 
is  the  crude  mineral  oil  which  is  found  in  Pennsyl- 
vania, Ohio.  Oilifomia,  Canada,  Russia,  Germany, 
etc.  Kerosene  is  a  second  product  of  the  distillation 
of  petroleum;  it  distils  over  at  from  160°  to  :i00°  C. 

» 

(264)  In  the  August  number  of  "The  Mechanic 
Arts  Magazine  "  I  notice  an  article  on  burglar-alarm 
wiring.  I  see  by  the  cut  that  in  the  closed  circuit 
there  is  a  switch  S,  which,  when  closed,  keeps  the 
bell  circuit  open.  If  the  circuit  is  shut  off  m  the 
daytime  by  means  of  the  switch  iS,  would  you  not  get 
a  continuous  ring  from  the  bell,  and  would  it  not  be 
neccsrary  to  have  a  switch  in  the  circuit  from  BtoA^ 

U.  V.  D.,  Lowell,  Mass. 
Ans.— Yea;  it  would  be  necessary  to  have  some 
means  for  disconnecting  the  local  battery  circuit. 
This  could  be  done  by  placing  a  small  switch  similar 
to  fii  in  the  circuit  leading  fh>m  B  to  the  bell. 

*  * 

(265)  Why  are  teeth  for  spur  wheels  sometimes 
made  involute  and  sometimes  cycloidal  in  form? 
What  is  the  difference  between  the  two  forms? 
What  are  the  principal  dimensions  of  the  cycloi- 
dal ?  What  i»  the  best  book  you  know  of  on  the 
construction  of  gear-teeth?  R.  K.,  Sharon,  Pa. 

Ans.— We  advise  you  to  get  a  copy  of  George  B. 


Grant's  book  on  gear-teeth;  write  to  him;  his  addrcH 
is  Lexington,  Mass.  Your  questions  show  that  you 
do  not  know  much  about  gear-teeth,  and  it  would  be 
useless  trying  to  explain  to  you  why  the  involute  is 
better  than  the  cycloidal,  without  first  explaining 
why  the  shape  of  a  gear-tooth  is  such  an  important 
matter,  and  what  the  different  shapes  are;  this 
would  fill  a  book,  and  the  best  book  we  know  of  is 
Grant's. 

(266)    (a)  Required  the  weight  on  the  end  of  a 
safety-valve  lever  with  the  following  data:  steam 

f>re8sure,  85  pounds;  diameter  of  valve,  4  inches; 
ength  of  lever,  33  inches;  distance  fhmi  ftil^um  to 
center  of  valve,  1  inch;  weight  of  lever,  8  pounds; 
distance  from  ftilcrum  to  center-of-gravity  valve, 
18  inches,  (b)  What  is  meant  by  the  following 
words:  ikUa,  fulcrum,  gravity  f  (c)  Please  describe 
the  steam-engine  indicator  and  explain  its  use. 

F.  E.  P.,  Bucyrus,  Ohio. 
Ans.— (a)  The  area  of  the  valve  is  12.5759  inches. 
Neglecting  the  weight  of  the  valve  itself,  which  is 
not  given,  the  weight  required  on  the  ends  of  the 
lever  is 

12.57  X85X1-8X13        oooou. 
=  29.Z2  H). 


W- 


33 


(5)  Data  are  facts  or  quantities  supposed  to  be 
given  or  known  in  order  to  solve  a  problem  or  reach 
a  conclusion.  A/ulerum  is  the  support  on  or  against 
which  a  lever  rests,  or  the  point  or  pivot  about  which 
it  turns.  OravUy  in  the  accelerating  tendency  of 
bodies  towards  the  center  of  the  earth,  or,  more 
widely,  the  similar  tendency  towards  the  center  of 
any  heavenly  body.— Standard  DicUonary.  (c)  The 
indicator  consists  essentially  of  a  cylinder  contain- 
ing a  piston  of  about  (  square  inch  area,  the  under 
side  of  which  is  subjected  to  the  pressure  of  the 
steam  in  the  engine  cylinder.  Above  the  piston  is  a 
spring  which  is  compressed  as  the  piston  rises.  As 
the  pressure  in  the  engine  cylinder  varies,  the  piston 
of  the  indicator  moves  up  or  down;  this  motion  is 
magnified  by  a  lever  and  is  recorded  on  a  strip  of 
paper  wrapped  around  a  drum.  A  cord  or  wire 
wound  around  the  base  of  the  drum  is  pulled  to  and 
fro  by  the  crosshead,  or  by  a  reducing  motion 
attached  to  the  crosshead.  The  diagram  obtained  is 
used  to  compute  the  horsepower  of  the  engine,  and 
is  sometimes  used  to  correct  faults  in  valve  setting. 

* 

(267)  Where  can  I  get  a  good  side-view  picture  or 
scale  drawing  of  a  modem  locomotive,  such  as  is 
used  on  the  New  York  Central  Railroad  ? 

G.  G.  C,  Rowayton,  Conn. 
Ans.— You  might  write  to  the  officials  of  some  of 
the  railroads  or  to  some  locomotive  works;  we  can- 
not say  whether  you  would  get  what  you  want  or 
not.  About  the  best  thing  you  could  do,  supposing 
the  above  were  to  fiUl,  would  be  to  buy  "  Modem 
Locomotives,"  price  17.00.  This  gives  working  draw- 
ings of  all  the  representative  locomotives,  American 
and  European.  The  Technical  Supply  Company, 
Scran  ton.  Pa.,  can  forward  it  to  you  postpaid  for 
the  price  named. 

«  « 

(268)  (a)  Theoretically,  how  numy  B.  T.  U.  does  it 
take  to  develop  1  horsepower?  (o)  Theoretically, 
how  many  horsepower  will  1  pound  of  coal  develop, 
assuming  that  the  quantity  of  heat  contained  by  the 
coal  is  14,000  B.T.  U.  per  pound?  Kindly  give  the 
figuring  used  to  solve  these  questions. 

P.  M.  a,  Putney.  Vt. 
Ass.— (a)  To  give  this  question  any  definite  mean- 
ing, the  time  must  be  taken  into  consideration. 
Thus,  a  horsepower  is  defined  as  the  productioii 
of  550  foot-pounds  of  work  per  second,  33.000  foot- 
pounds per  minute,  or  1,960,000  foot-pounds  per  hour, 
etc.    The  mechanical  equivalent  of  1  B.  T.  U.  is 
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778  foot-pounds;  therefore,  theoretically,  it  requires 
•ffjfl  =  42.42  B.  T.  U.  per  minute,  or  i«|Vg»(>  =  2.546 
B.  T.  U.  per  hour  to  develop  1  horsepower.  (5)  Redu- 
cing the  14,000  B.  T.  U.  to  the  equivalent  mechanical 
work,  we  obtain  14,000  X  778  =  10,892,000  foot-pounds. 
The  bnmlnK  of  1  pound  of  this  coal,  provided  all  the 
heat  energy  Is  changed  to  work,  will  give 

10,892.000      ^  ^ .  . 

l.modo  -  ^-^  ^oTEepower  per  hour. 

«  * 

(260)  I  have  an  aspirator,  and  near  the  discharge 
end  of  the  tube  is  placed  a  small  obstructing  plate, 
which  reduces  the  area  Jast  one-half  [see  Fig.  (a)]. 
The  apparatus  does  not  work  nearly  as  well  without 
this  plate,  (a)  What  is  the  function  of  this  plate? 
(b)  Ct^n  you  tell  me  what  the  relative  areas  of  the 
contracted  water  pipe  and  air-inlet  pipe  should 
be?  (c)  Why  is  the  water  pipe  drawn  to  a  knife 
edge  at  the  inlet  and  not  at  the  outlet  end?  (d)  Is 
a  certain  curve  required  in  the  contracted  portion? 
{e)  Can  you  give  me  any  formula  for  calculating  the 
number  of  pounds  of  gas  delivered,  when  it  is  taken 
in  at  a  known  pressure  and  discharged  against  a 
greater  pressure,  the  velocity  of  liquid  employed 
being  known  7  (/ )  Can  you  tell  me  of  a  book  on  the 
subject?  V.  J.  G.,  New  York.  N.  Y. 

Ans.— (a)  The  action  of  the  apparatus  depends  on 
a  partial  vacuum  being  formed  in  ftont  of  the  air 
tube  where  it  meets  the  water  tube.  For  the  purpose, 
a  chamber  must  be  provided,  and  the  insertion  of 


the  plate  so  deflects  the  stream  ot  water  that  such  a 
chamber  is  formed  as  indicated  in  (b).  (c)  Aknifeedge 
at  the  discharge  end  would  throw  the  vacuum  cham- 
ber farther  out,  while  it  would  not  serve  to  decrease 
the  resistance  to  the  flow  here  as  it  does  at  the  inlet 
end.  (d)  We  do  not  know  about  any  theory  on  the 
curvature  of  the  contracted  portion  of  the  pipe;  in 
many  similar  apparatus  it  has  simply  the  shape  of  a 
double  cone,  (b,  e,  and/)  Theory  gives  but  .little 
satisfaction  with  these  apparatus.  We  refer  you  for 
same  to  **  Weisbach,  Ingenieur-Mechanlk,"  Part  III, 
Section  2.  The  eflQciency  of  the  arrangement  is 
known  to  be  very  low,  not  over  .15;  so  that 


JP=-.16  = 


Qh' 


where 
Q  =  weight  of  water  used  per  second  in  pounds; 
Qi^  weight  of  air  transferred  per  second  in  pounds; 
h  »■  head  of  water  in  feet; 
ht=  pressure  against  which  air  is  delivered, 
expressed  in  feet  of  water. 

«  « 
(270)  I  have  a  piece  of  work  on  hand  in  galva- 
nised wrought-iron  drainage,  in  which  the  pipes  are 
screwed  together.  In  almost  every  case  the  Joints 
leak,  though  screwed  up  tight  with  tongs.  The 
inspector  in  charge  will  not  permit  the  use  of  any 


packing  material  at  the  Joints,  but  orders  them  to  be 
screwed  together  as  they  come  ftom  the  pipe  shop. 
In  order  to  conform  with  the  law,  the  pipes  will  have 
to  be  tested  with  water  under  a  head  of  60  feet,  vrith- 
out  leaking.  I  had  thought  of  filling  the  pipes  with 
some  mixture  that  would  rust  the  Joints,  ana  so  pre- 
vent their  leaking.  Would  salt  water  do  this,  or  is 
there  some  material  that  would  serve  the  purpose 
better?  No  outside  cements  will  be  permitted.  In 
all,  there  are  about  5,000  Joints. 

W.  C.  O.,  Brooklyn.  N.  Y. 

Ans.— The  inspector  you  refer  to  does  not  know 
what  he  is  talking  about  when  he  prevents  you  from 
using  cement  on  the  threads  of  your  drainage  sys- 
tem, as  the  cement  protects  the  iron,  and  if  any  of 
the  threads  are  exposed  at  the  couplings,  it  protects 
that  part  from  corrosion.  It  is  evident  that  he  never 
screwed  two  pieces  of  4-inch  pipe  together  in  his  life, 
or  he  would  not  be  so  stubborn  in  your  case.  We  do 
not  advise  the  use  of  a  mixture  of  anything  that  will 
rust  the  Joints  tight  by  filling  the  drainage  system 
with  the  liquid,  for  by  so  doing  you  tend  to  ruin  the 
inner  surface  of  the  drainage  system.  If  you  must 
rust  up  these  leaks,  then  seal  the  drainage  system, 
make  a  vacuum  in  it,  and  apply  a  solution  of  sal 
ammoniac  and  water  with  a  brush  to  the  outside  of 
the  threads. 

«  * 

(271)  With  reference  to  the  gasoline  engine  that  was 
described  in  the  January  number  of  *'  The  Mechanic 
Arts  Magazine,"  can  you  give  me  the  dimensions  of 
a  5-horsepower  engine  oflhe  same  tvpe?  I  wish  to 
build  one  fbr  my  boat.  R.  D.,  Fall  Kiver,  Mass. 

An8.— The  following  are  leading  dimensions;  we 
cannot  of  course  give  design  of  small  details: 

Revolutions  per  minute 280. 

Diameter  of  cylinder 6i  inches. 

Stroke 8  inches. 

Diameter  of  exhaust  port 2|  inches. 

Diameter  of  inlet  port 2i  inches. 

«  * 

(272)  (a)  Is  there  any  rule  whereby  the  cube  can 
be  doubled?  If  so,  how?  (b)  Is  there  any  rule  to 
square  a  circle?  Ii  so,  please  give  it.  (c)  What  is 
the  best  book  on  the  air  brake,  and  where  can  it  be 
obtained?  (d)  How  can  I  make  a  microscope  of  high 
power,  and  where  can  I  obtain  the  lenses  ?  (e)  Name 
a  book  on  optics.  H.  S.,  Saxtou,  Pa. 

Ans.— (aandb)  There  is  no  mathematically  exact 
method,  (c)  The  Instruction  Papers  on  this  sub- 
ject published  by  The  International  Correspondence 
Schools,  (d)  You  can  obtain  the  lenses  from  Bausch 
&  Lomb  Optical  Co.,  Rochester,  N.  Y.  (c)  Part  IV  of 
DischauU's  "  Natural  Philosophy,"  price  $1.50. 

»  » 

(273)  (a)  I  have  found  the  table  given  in  "  Home 
Study  for  Machinists,  Steam  Engineers,  Etc.,"  March, 
1898,  Answers  to  Inquiries,  No.  141,  useful  in  a  variety 
of  ways.  One  of  its  uses  is  to  space  off*  a  certain 
number  of  degrees  on  a  circle  of  given  dlamet^. 
For  instance,  to  space  off  9°,  turn  to  the  table,  take 
the  multipliOT  opposite  40  holes  and  multiply  by 
the  diameter  of  the  circle.  The  result  will  be  the 
length  of  the  chord.  Please  give  the  multipliers  for 
all  numbers  ftom  271  to  360,  or,  better,  from  3  to  360. 
(b)  Give  another  method  by  which  degrees  may  be 
determined  over  rough  and  uneven  surfaces  where 
a  bevel  protractor  cannot  be  used,  but  where  a  circle 
may  be  drawn.  J.  A.  8..  Providence,  R.  I. 

An8.— (a)  The  chord  of  any  angle  can  readily  be 
found  f^om  a  table  of  natural  sines.  Thus,  to  find 
the  chord  of  9°.  find  the  sine  of  one-half  of  9°,  or  4^*', 
which  is  .078459.  MulUply  this  by  2  and  by  the 
radius  of  the  circle,  or  what  is  the  same  thing,  by 
the  diameter,  and  the  result  will  be  the  chord.  You 
will  see  that  the  number  .078459  is  the  one  given  in 
the  table  referred  to,  opposite  40  holes.  If  you  prefer 
such  a  table  to  the  table  of  sines,  you  can  readily 
construct  it  as  follows:  Divide  180°  by  the  number  of 
holes,  and  ftom  a  table  of  natural  sines  find  the  sine 
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of  the  number  of  degrees  in  the  quotient.  Thia  sine 
will  be  the  multiplier  for  that  number  of  holes.  (6) 
In  such  a  case,  the  angle  can  best  be  determloed  by 
laying  off  its  (^ord. 

(274)  I  have  a  tubular  boiler  16  in.  X  22  in.,  and 
want  to  make  a  simple  injector  for  same.  Will  you 
tell  me  the  best  way  it  can  be  done  ?  The  steam  pipe 
is  i  inch  and  the  pressure  25pounds  gauge. 

H.  A.  M.,  Franklin,  La. 

Ans.— Get  a  couple  of  tees,  and  make  a  steam 
nossde,  at  shown  in  the  figure  at  A;  then  make  a 


middle  piece,  as  shown  at  B,  and  connect  up  as  in 
the  figure.  The  portion  B  will  probably  be  more 
cheaply  made  in  two  parts,  by  spinning  it  out  of 
seamless  brass  tubing. 

(275)  The  sum  of  two  numbers  multiplied  by  the 
greater  is  414,  and  the  diffisrence  of  the  two  numbers 
multiplied  by  the  less  is  65;  what  are  the  numbers  7 

J.  P.  P.,  Rogers,  Ark. 
Aifs.—Let  X  equal  the  greater  number  and  y  the 
less.   Then, 

(X  +  y) «  -  414  =  a^  +  xy;         (1) 
(x-y)y-   66  =  xy-i/».         C2) 
Subtracting  (2)  from  (1), 

jfi^j/ixm  849.  or  X  ="  i/849^^y«. 
Substituting  in  (2), 

y  Vi49^^  ==  66  X  »•.  * 
Squaring  and  combining. 


.      210 


4,225 


Completing  the  square  and  solving, 

'         219   ,  119       „ 
ir  «-  -     ±  —  ■■  25. 

using  the  negative  sign;  whence,  y  =  ±6. 
Using  the  plus  sign  and  substituting  in  (2), 

0 

(276)  The  mechanical  drawings  published  in  "  The 
Mechanic  Arts  Magazine"  are  among  the  best  I  have 
ever  seen.  Would  vou  kindly  inform  a  constant 
reader  the  names  of  the  books  on  that  subject  that 
you  take  as  standards  for  your  drawings? 

W.  W..  Washington,  D.  C. 
Ans.— We  use  no  book  as  a  standard:  our  work  is 
our  standard;  we  are  glad  that  you  like  it. 

(277)  A  and  B  each  invest  1640  in  one  section  of 
land;  A  is  to  pay  1*2.25  per  acre,  and  B  is  to  pay  $1.75 
per  acre.    How  much  land  will  each  receive? 

G.  D.,  Anaconda,  Mont 
Ans.— This  question,  likethe  Wandering  Jew,  never 
dies;  it  is  probably  older  than  the  pjrramids,  but  still 
continues  to  puczle  the  unwary.  There  is  no  solu- 
tion, because  the  conditions  given  render  it  impos- 
sible. 

(278)  Kindly  tell  me  how  I  can  construct  a  Bunsen 
burner  to  use  gasoline  instead  of  illuminating  gas. 

P.  D.  H.,  Jersey  City,  N.  J. 
Ans.— Build  a  common  Bunsen  burner  in  the 
ordinary  manner,  and  arrange  a  chamber  or  coil 
around  it  through  which  the  gasoline  must  pass  to 
the  burner,  in  such  a  manner  that  the  gasoline 
will  become  vaporized  before  reaching  the  burner. 
Run  a  small  pipe  from  your  Bunsen  burner  to  a 
gasoline  storage  tank  somewhere  higher  than  the 


burner,  and  place  a  valve  in  the  pipe  near  the 
burner.  Construct  a  cup  underneath  the  coil  or 
chamber,  to  catch  the  liquid  gasoline  when  the  valve 
is  first  opened,  for  the  purpose  of  heating  the  coil 
when  this  liquid  is  ignited.  These  are  the  principles 
of  a  gasoline  burner.  Incorporate  the  Bunsen  prin- 
ciples with  them  and  you  will  have  a  gasoline 
Bunsen  burner.  It  is  much  cheaper  for  you  to  pur- 
chase one  of  these  burners  than  to  make  one. 

••« 

(279)  An  electric  battery  is  constructed  as  follows: 
The  bottom  of  a  shallow  lead  or  carbon  trav  is 
covered  with  a  layer  of  zinc  scraps,  over  whicn  is 
placed  a  layer  of  cotton  cloth  which  is  moistened 
with  salt  and  water.  Porous  carbon  rods  are  laid  on 
top  of  the  cloth,  these  rods  forminff  one  pole  of  the 
battery  and  the  trav  the  other.  Why  is  this  not  a 
good  battery,  and  why  has  it  not  been  a  success? 

a  T.,  Houston,  Tex. 

Ans.- None  of  the  tray  fbnns  of  primary  battery 

appear    to   have   proved   successftil   in    practice, 

although  a  number  of  them  have  been  brought  oat. 

Such  batteries  may  give  quite  as  high  an  E.  M.  F.  as 

the  ordinary  batteries,  and  may  also  have  a  very  low 

internal  reslstanoe,  but  their  shape  renders  them 

awkward  fbr  commercial  applicatioas.   The  evapora^ 

tion  fhym  them  is  also  great,  so  that  they  are  apt  to 

dry  up  quickly.    We  think  that  the  cotton  cloth  in 

the  battery  you  name  would  be  a  decided  objection. 

This  would  become  clogged  up,  and  in  time  become 

rotten,  and  would  have  to  be  renewed. 

» 
»  « 

(280)  (a)  Can  I  use  a  mixture  of  white  and  red 
lead  as  putty  for  bedding  the  glass  into  an  aquarium  ? 
(5)  Is  there  any  danger  that  Uie  fish  will  be  jpolaoned 
by  the  use  of  this  putty  ?  (e)  Is  there  anTtfiingelie 
that  oould  be  used?  J.  C.  8.,  Chicago,  uL 

Am.— (a)  Yes.  (5)  No;  the  water  of  an  aquarium 
is  too  fk-equently  changed  to  contain  suf&deot  lead 
at  one  time  to  be  dangerous  to  the  life  of  the  fish. 
(e)  The  following  cement,  used  at  the  Zoological 
Gardens  of  London,  Bngland,  can  be  highly  recom- 
mended; it  is  good  for  either  salt  or  trmh  wattf . 
Take  of  finely  powdered  litharge,  fine  dry  sand,  and 
plaster  of  Paris,  each  8  parts,  by  measure;  finely  pul- 
verized rosin,  1  part  Mix  thoroughly,  and  make 
into  a  paste  with  boiled  linseed  oil  to  which  some 
drier  has  been  added.  After  it  has  stood  for  15 
hours,  however,  it  loses  its  strength.  When  well 
made  of  good  materials,  this  cement  will  unite  glass 
and  iron  so  firmly  that  the  glass  will  often  si^t 
rather  than  part  with  the  cement. 

(281)  (a)  In  "Home  Study  Magazine,"  July.  1887, 
article  entitled  "  How  to  Lay  Out  Gear  Teeth. ^'  you 
state  that  r  =  a  +  c,  and  in  the  proportions  R>r  the 
layout  you  have  r  »  .515^'.  If  a  =>  .289^'  and  e  a. 
.0t75'',  Should  not  r  »  .2765^'?  (5)  Please  ffive  accu- 
rate jnethod  for  finding  the  diameter  of  a  worm- 
wheel,  the  pitch  and  number  of  teeth  being  given. 

C.  N.,  Torrington,  Conn. 
Ans.— (a)  The  value  .5iy  is  the  length  of  the  tooth, 
not  the  root  &s  stated  in  the  article.  The  root  is 
.289"'  +  .0875  »  .2765".  as  you  state;  then  the  length 
is  o  +  r  =  .289  +  .2765  =  .5155",  say  .51  y.  (6)  The 
circular  pitch  of  the  wheel  is  equal  to  the  divided 
normal  pitch  (which  we  suppose  to  be  the  pitch  you 
mean)  divided  by  the  cosine  of  the  angle  of  the 
worm-thread. 
Let  a  =>  angle  of  worm; 

p  =  circular  pitch  of  wheel; 
p'  —  normal  pitch  of  wheel; 
d  =  diameter  of  wheel; 
n  =  number  of  teeth  in  wheel. 

Then,  d  =  -''  =  -— ^-' 

w       vcosa 

This  formula  applies  only  to  a  single-thread  worm 
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(282)  (a)  If  a  weight  of  200  poundB  fitlls  15  feet, 
what  woald  be  the  force  of  the  blow  in  pounds  when 
it  Btmck?  (b)  What  is  the  best  way  to  replace  a 
cracked  water  pipe,  whose  dimensions  are  86  inches 
by  12  feet?  (e)  Is  there  any  other  pipe-cutting 
niachine  besides  the  D.  W.  French  pattern  for  large 
pipes?  C.  P.,  Waterbury,  Conn. 

AitB.—(a)  The  striking  force  of  a  flailing  weight 
depends  on  its  own  material  as  well  as  on  that  of  the 
body  struck,  for  the  energy  accumulated  in  the  fall- 
ing weight  is  expended  in  doing  the  work  of  com- 
pressing both  the  striking  body  and  the  body  struck. 
This  work  is  equal  to  the  pressure  between  the  bodies 
multiplied  by  the  linear  amount  of  compression. 
The  energy  of  the  falling  body  being  equal  to  Why 
the  weight  multiplied  by  the  height  of  the  fall,  we 
have 

Wh 

Pc^  Whyhxxd,  P=— -, 

where  P  <=  pressure  between  the  bodies,  and  c  =  lin* 
ear  amount  of  compression.  Thus,  if  we  supposed 
the  weight  to  beof  oomparatively  hard  material,  and 
that  it  sank  into  the  ground  \  inch  when  it  struck, 
then  the  pressure  between  it  and  the  ground  would  be 

P  =  ?90Xi^  ^  72,000  pounds. 


2  X  12 
(b)  Split  oflT  the  cup  of  the  cracked  section,  and 
melt  out  the  lead  at  the  other  end;  enough  must  be 
split  off  to  permit  the  pipe  to  be  raised  out.  The  new 
pipe  must  be  put  on  in  two  sections,  connected  by  a 
collar,  (c)  The  following  firms  make  pipe-cutting 
machines:  Armstrong  Mfg.  Co.,  Bridgeport,  Conn.; 
Bignall  <fc  Keeler  Mfg.  Co.,  Edwardsrille,  HI.;  Curtis 
<fc  Curtis,  Bridgeport,  Conn.;  Merrell  Mfg. Co..  Toledo, 
Ohio;  Oster  'ULtg.  Co.,  Cleyeland,  Ohio. 

(288)  Where  and  at  what  price  can  I  get  a  book 
that  will  teach  me  how  to  lay  out  boiler  work  ? 

J.  R.,  Philadelphia.  Pa. 
AM8.— "The  Boiler  Maker,"  by  Samuel  NichoUs, 
price  12.50,  can  be  obtained  of  The  Technical  Supply 
Company,  Scranton,  Pa. 

« 

(284)  (a)  In  making  a  wet  battery  where  copper 
and  sine  form  the  elements,  which  plate  should  be 
the  larger,  or  does  it  make  any  dlfllBrenoe?  Does  it 
make  any  difference  as  to  what  sise  of  wire  is  used 
to  connect  the  plates?  (6)  Oiye  a  rule  for  finding 
the  displacement  of  ships,  (c)  Oiye  a  rule  for  find- 
ing the  safe  speed  of  flywheels. 

8.  S.,  Ballard,  Wash. 

Alls.— (a)  It  makes  no  difference,  as  far  as  the 
Toltage  obtained  from  the  battery  is  concerned, 
whether  the  zinc  is  as  large  as  the  copper  or  not. 
The  sine,  being  the  element  that  wastes  away,  will 
last  longer  if  it  is  made  heayy,  and  the  internal 
resistance  of  the  battery  will  be  lowered  if  it  is  ^lade 
so  as  to  present  a  large  surface.  If  too  fine  wire  is 
used  in  connecting  up  the  battery,  a  good  part  of  the 
energy  deliyered  by  the  battery  will  be  lost  in  heat- 
ing the  wire.  About  No.  16  or  18  B.  &  S.  wire  is  gen- 
erally used  for  this  work.  (5)  The  displacement  (in 
tons  of  2,240  pounds)  is  given  approximately  by  the 

following  formula: 

_      LXBX  DXK 

^"  85  ' 

where  T  ~  displacement  in  tons; 

L  » length  of  boat  in  feet; 

B  o  extreme  breadth  in  feet; 

D  »=  mean  draft  in  feet 
JC  is  a  constant  that  depends  on  the  style  of 
boat  under  consideration.  For  racing  yachts,  with 
deep  keels,  it  varies  f^om  .22  to  .83;  for  modem  mer- 
chantmen, fi*om  .55  to  .75;  for  ordinary  small  boats, 
about  .50  is  a  fair  estimate.     For  fresh  water  the 


divisor  in  the  above  formula  is  85.98.  (e)  The  maxi- 
mum allowable  rim  velocity  of  ordinary  fiywheels  is 
6,000  feet  per  minute,  but  5,000  feet  per  minute  is 
safer.  If  D  is  the  diameter  of  the  wheel  in  feet,  then 
the  maximum  safe  value  of  the  revolutions  per 
minute  will  be 

PPM         fi.ooo 

K.  r.  M.  =  g^^jg  ^  ^ . 

(285)  In  testing  a  boiler,  what  are  the  relative 
strains  to  the  boUer  in  testing  by  hydraulic  and 
steam  pressure?  u.  W.,  Selma,  Ala. 

Ans.— A  boiler  is  not  tetted  by  steam  pressure  at  all, 
but  by  water  pressure  about  1^  times  as  great  as  the 
steam  pressure  it  is  to  carry  in  regular  service. 
There  are  two  ways  of  performing  the  test.  In  both, 
the  boiler  is  completely  filled  with  water.  In  one 
method,  a  pump  is  used  to  produce  the  pressure;  in 
the  other  a  gentle  fire  is  made  under  the  boiler,  and 
the  pressure  thus  obtained  by  the  expansion  of  the 
water.  The  latter  method  is  preferred  by  many  as 
being  less  severe  on  the  boiler. 

«  * 

(286)  I  wish  to  know  if  there  are  any  records  put 
up  in  the  way  of  rapid  railway  construction.  If  so. 
I  would  like  to  have  an  idea  of  the  nature  and 
extent  of  the  work  undertaken. 

W.  A.  J.,  Hunterville,  New  Zealand. 
Ans.— We  have  not  at  hand  the  statistics  you 
want.  We  are  of  the  opinion,  however,  that  some 
of  the  most  expeditious  work  of  this  kind  has  been 
done  in  E^ypt  in  connection  with  the  British 
advance  into  the  Soudan.  The  railway  in  question 
was  for  military  purposes  and  was  pushed  with  the 
utmost  vigor.  It  was  for  this  railway  that  the 
Pencoyd  Company  lately  made  the  Atbara  bridge, 
the  speedy  supplying  of  which  attracted  so  much 
attention. 

(287)  I  have  been  reading,  in  the  Report  of  the 
United  States  Coast  and  Geodetic  Survey  for  1897,  a 
paper  on  "Magnetic  Dip  and  In  tensity, '"^  in  which  I 
find  several  expressions  and  nrmbols  which  I  do  not 
understand,  and  several  quantities  mentioned  that  I 
do  not  know  how  to  determine.  Will  you  kindly 
enlighten  me  on  the  following  points:  (a)  What  is 
meant  by  ••CO.  a  units,"  and  "F.  Q.  a  units"? 
(h)  What  is  the  meaning  of  "dip  «,"  " horizontal 
force  IT,"  ••vertical  force  V,"  ••totel  force  F,"  and 
the  indexed  letters  B^m,  JJigm,  VvmuFitcn,  and  how 
are  these  quantities  obtainea?  (c)  Can  the  declina- 
tion at  any  time  be  computed  f^om  the  data  given  in 
the  paper  referred  to  above,  and  if  so,  how  ? 

H.  E.  B.,  North  Windham,  Conn. 

Ans.— (a)  The  abbreviations  '•C.  G.  S."  and  ••F.  G. 
8."  stand,  respectively,  for  cenHmeter-gramrtecond  and 
foot^ainrsecond.  In  the  C.  G.  S.  system  of  units,  the 
units  of  length,  mass,  and  time  are,  respectively, 
the  centimeter,  the  gram,  and  the  second;  in  the 
F.  G.  S.  system,  the  units  are  the  foot,  the  grain,  and 
the  second;  hence  the  names.  When  we  say,  for 
instance,  that  the  velocity  of  a  body,  expressed  in 
C.  G.  S.  units,  is  50,  we  mean  that  the  body  has  a 
velocity  of  60  centimeters  per  second.  In  either 
system,  the  unit  of  force  is  that  force  which,  when 
acting  during  one  second  on  a  unit  of  mass,  imparts 
to  it  a  velocity  of  a  unit  of  length  per  second.  (5)  The 
dip  of  the  magnetic  needle  is  the  angle  made  by  the 
direction  of  the  needle  with  a  horizontal  plane.  In 
the  paper  you  refer  to.  the  dip  in  general  is  denoted 
by  the  letter  0,  and  is  expressed  in  degrees,  minutes, 
and  tenths  of  a  minute.  From  the  observed  values 
of  tf  in  different  years,  the  approximate  dip  in  the 
year  1900  has  been  calculated.  This  calculated  value 
is  denoted  by  ^law.  By  the  "  total  force  f "  is  meant 
the  intensity  of  the  earth's  magnetic  attraction  at 
any  particular  point.    The  "horizontal  force  H" 
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and  the  "vertical  force  F"  are  the  horisontal 
and  the  vertical  component,  reipectively,  of  the 
"  total  force  F.*'  It  li  to  be  careftilly  borne  in  mind 
that  F,  h;  and  V  are  expressed  in  units  of  magnetic 
intensity,  not  in  ordinary  units  of  force.  These 
quantities  are  calculated  by  formulas  of  mechanics, 
the  numerical  data  for  which  are  determined  by 
very  delicate  and  carefbl  observations  and  measure- 
ments. We  have  no  space  to  go  into  details  on  this 
subject,  but  would  refer  you  to  almost  any  good  work 
on  physics  or  electricity,  such  as  Ganot's  "  Physics," 
B.  P.  Thompson's  "  Elementary  Lessons  in  Electric- 
ity and  Magnetism"  (with  Murdock's  Notes),  C. 
Maxwell's  "  Electricity  and  Magnetism,"  or  A.  Oray's 
"Absolute  Measurements  In  Electricity  and  Magnet- 
Ism."  The  indexed  letters  J\«)o«  ^iwh  etc.  denote 
the  calculated  values  of  F,  H,  etc.  for  the  year  1900. 
<c)  The  formulas  for  computing  the  declination  at 
any  given  time  from  observed  declinations  are  some- 
what complicated  and  uncertain.  There  is  no  general 
formula;  especial  formulas  have  been  constructed 
for  several  localities  of  this  country.  You  may  find 
them  in  the  Report  of  the  United  States  Coast  and 
Geodetic  Survey  for  1886;  also,  in  Johnson's  "Theory 
and  Practice  of  Surveying,"  and  in  Raymond's 
*' Plane  Surveying." 

\288)  (a)  In  "  Home  Study  Magazine,"  April,  1896, 
Answers  to  luouiries.  No.  117,  it  is  not  stated  at  what 
speed  the  2h  norsepower  is  obtained;  please  give 
speed,  (b)  Given  in  a  gas  engine:  piston,  2^  inches 
In  diameter;  stroke,  8  inches;  compression,  6U  pounds 
per  square  Inch;  revolutions  per  minute,  600;  fitted 
with  two  flywheels,  each  9  inches  in  diameter,  and 
rim  1  inch  thick;  what  breadth  of  wheel  face  is 
required?  (c)  If  the  diameter  of  a  flywheel  is  in- 
creased, what  effect  has  it  upon  its  working  proper- 
ties, the  number  of  revolutions  per  minute  remain- 
ing the  same?  A.  C.  G.,  New  York,  N.  Y. 

Ans.— (a)  The  speed  at  which  the  power  given  was 
based  was  about  400  revolutions  per  minute.  The 
power  given  in  the  answer  was  the  nominal  horse- 
power. Under  the  best  of  conditions,  the  actual 
horsepower  would  probably  be  somewhat  greater. 
<6)  Under  the  given  conditions,  the  face  of  the 
wheel  should  be  not  less  than  6  inches.  The  weight 
required,  however,  depends  considerably  on  the  class 
of  work  which  the  engine  is  doing.  For  very  close 
regulation,  such  a  weight  would  probably  be  too 
small  to  give  good  results,  (c)  The  working  proper- 
ties of  a  flywheel,  regarded  as  an  agent  in  controlling 
the  regulation  of  the  speed  of  an  engine,  vary  as  the 
square  of  the  diameter,  the  number  of  revolutions, 
and  the  weight  remaining  the  same. 

«  « 

(289)  (a)  Why  are  locomotives  built  with  small 
driving  wheels  when  great  tractive  power  is  deslr^? 
(6)  Of  two  traction  engines,  one  with  6-foot  and  the 
other  with  4-foot  traction  wheels,  which  is  the  more 
powerftil,  both  engines  to  make  the  same  number  of 
revolutions  per  minute  at  the  crank,  to  travel  at  the 
same  speed,  and  the  sprocket  wheel  of  each  to  be 
1  foot  less  in  diameter  than  the  traction  wheel? 

H.  R.,  Newdale,  Manitoba. 

AN8.--(a)  When  a  locomotive  moves  a  train  it 
performs  work.  Work  comprises  two  factors— resist- 
ance overcome  and  distance  through  which  it  is 
overcome.  When  steam  forces  a  piston  along, 
against  a  resistance,  it  performs  a  certain  amount  of 
work— say  50,000  foot-pounds  in  a  complete  stroke. 
Now,  by  means  of  rods,  crank,  and  wheels,  we  make 
this  work  take  the  form  of  transporting  a  vehicle  in 
a  linear  direction.  The  work  at  our  disposal  in  the 
present  case  is,  we  will  suppose,  50,000  foot-pounds, 
and  we  can  vary  the  size  of  the  factors,  feet  and 
pounds,  to  suit  conditions.  In  an  express  engine  we 
want  speed— to  move  a  light  weight  rapidly.  In 
heavy  freight  work  we  want  to  move  heavier  weights 


more  slowly.  Thus,  we  can,  in  the  first  case,  move 
2,600  pounds  through  20  feet;  5,000  pounds  through 
10  feet  in  the  second;  the  time,  the  duration  of 
one  complete  or  double  stroke  being  the  same  in 
both  cases.  Thus,  if  the  engine  is  for  hauling  heavy 
loads  up  steep  grades,  we  should  use  a  wheel  half 
the  circumference  (1.  e.,  half  the  dlamet^)  of  the 
wheel  on  the  express  engine,  and  so  be  able  to 
handle  double  the  load.  The  principle  is  simply 
this:  We  can  exert  a  certain  amount  of  power  in  the 
cylinder,  and  we  can  either  expend  this  in  moving 
a  great  weight  a  short  distance,  or  a  light  weight  a 
longer  distance— in  the  same  time,  of  course.  It 
then,  in  each  case  our  stroke  is  2  feet,  and  the  piston 
areas  and  steam  pressures  the  same,  we  shall  have 
the  same  power  exerted  during  one  stroke.  In  the 
express  engine  we  move,  say,  W  pounds  through  x 
feet;  in  the  flrelght,  2  W  pounds  through  ^  x  feet;  the 
work  done  is  TTx  foot-pounds  in  each  case.  We  may 
add  that  the  figures  representing  the  loads  are  the 
drawbar  pulls;  there  are  also  two  cylinders  to  deal 
with,  (b)  The  engines  will  be  equally  powerfU, 
since  the  gearing,  in  each  case,  is  so  arranged  that, 
for  a  given  travel  of  the  engine,  the  piston  displace- 
ment is  the  same.  In  one  minute  each  engine 
makes,  say,  200  revolutions;  conditions  being  equal 
(you  say  nothing  to  the  contrary),  the  power  exerted 
in  the  respective  cylinders  is  the  same.  If;  then,  in 
one  minute  each  engine  travels  over  the  same  dis- 
tance, the  loads  moved  will  be  the  same,  according 
to  the  reply  to  (a). 

(290)  I  am  building  a  gasoline  engine  of  the  two- 
cycle  type,  the  diameter  of  cylinder  oeing  4}  inches 
and  the  stroke  5  inches,  (a)  What  should  be  the  dis- 
tance flx>m  the  cylinder  head  to  the  piston  when  the 
charge  is  compressed,  and  what  would  be  the  pres- 
sure per  square  inch?  (5)  Assuming  the  exhaust  port 
to  have  a  width  of  |  inch,  what  should  its  length  be? 
(c)  Assuming  the  intake  to  be  i  inch  wide,  and  the 
pressure  of  the  charge  as  taken  fh>m  the  crank- 
chamber  to  be  11  pounds  per  square  inch,  what 
should  be  the  lensih  of  the  intake?  (d)  How  far 
open  should  the  exhaust  be  at  the  moment  the  intake 
begins  to  open?  The  ports  are  to  be  opened  and 
closed  by  the  piston,  (e)  What  will  be  the  power  of 
the  engine  under  the  best  conditions,  when  making 
250  revolutions  per  minute?  (/)  If  in  your  Judgment 
my  chosen  port  widths  are  not  right,  give  the  cor- 
rect figures,  (a)  Which  is  the  best,  to  spray  the 
gasoline  into  tne  cylinder  or  to  take  it  through  a 
carbureter?  H.  W.  C,  Chicopee  Falls,  Mass. 

Ans.— (a)  The  distance  from  the  cylinder  to  the 

piston  when  the  piston  is  at  the  end  of  its  stroke 

should  be  about  2}  inches.    The  charge  will  then  be 

compressed  to  about  55  pounds  per  square  inch. 

(b)  The  length  of  the  exhaust  port,  measured  around 

the  inside  circumference  of  the  cylinder,  should 

be  about  4  inches  for  a  width  of  ^  inch,    (c)  The 

length  of  the  intake   port  should  be  about  the 

same  as  that  of  the  exhaust  port,    (d)  We  would 

place  the  ports  in  such  a  manner  that  the  exhaust 

port  would  be  open  its  ftill  width  at  the  instant  the 

intake  port  begins  to  open,     (e)  Under  the  best 

working  conditions,  the  power  of  the  engine  when 

making  250  revolutions  per  minute  would  probably 

be  about  2}  horsepower.     (/)  We  think  the   port 

widths  you  have  chosen  will  give  satisfactory  results. 

{g)  To  give  the  best  results,  the  gasoline  should  be 

taken  into  the  cylinder  through  a  carbureter. 

* 
»  * 

(291)  I  am  about  to  make  a  hob  tap  for  a  1-inch 

Sas-pipe  die.    Shall  I  set  my  tool  with  the  taper  of 
tie  tap,  or  in  line  with  the  center  of  the  lathe? 

A.  O.  L.,  Erie,  Pa. 
Ans.— Set  your  tool  so  that  it  will  make  a  right 
angle  with  the  line  Joining  the  centers,  1.  e.,  with  the 
center  line  of  the  tap. 
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(292)  (a)  What  is  the  came  of  the  noises  In  a 
Ixnier  connected  to  a  cook  stoye?  (6)  Would  a 
boiler  make  this  noise  if  properly  connected?  (e) 
Where  can  I  get  a  slide  rule  with  which  calculations 
are  made  by  means  of  logarithms  ?  ( d )  Will  cylinder 
oil  in  a  boiler  cause  it  to  prime?  X. 

AHS.—(a)  They  are  caused  by  the  generation  of 
steam  in  the  waterbaok  and  the  rapid  condensa- 
tion of  the  steam  when  it  encounters  the  colder 
water  in  the  boiler.  Choked  circulation  pipes 
between  range  and  boiler  will  cause  this;  or  a 
waterback  too  large,  or  boiler  too  small,  for  the 
requirements  of  the  building,  (b)  Not  if  the  water- 
back  and  boiler  are  properly  proportioned,  (e) 
From  The  Technical  Supply  Co.,  Scranton,  Pa. 
(d)  If  it  is  a  pure  mineral  oil  it  is  not  likely  to  pro- 
duce priming  unless  the  water  is  particularly  bad. 
Much  depends  on  the  character  of  the  oil  and  the 
impurities  in  the  water.  It  is,  howeyer,  always  best 
to  keep  cylinder  oil  out  of  the  boiler  as  completely 
as  possible. 

(298)  (a)  I  haye  a  telephone  on  a  line  15  miles  long. 
The  transmitter  refUses  to  talk,  while  the  receiyer 
seryes  the  purpose  of  both  transmitter  and-  receiyer. 
I  haye  been  unable  to  find  any  loose  connections  in 
the  circuits.  What  is  the  cause,  and  remedy  ?  {b)  Will 
«  telephone  line  receiye  enough  induction  flfom  a 
-5,000-yolt  alternating  system  to  seriously  damage  its 
talking  senrice?  The  telephone  line  is  grounded, 
but  is  on  separate  poles  ftom  the  electric  line.  It 
passes  under  the  electric  line  seyeral  times,  but  is  on 
the  opposite  side  of  the  road  the  greater  part  of  the 
distance.  .  E.  H.  8.,  Treka,  Cal. 

Aks.— (a)  It  is  impossible  to  state  definitely  flx>m 
the  meager  description  you  haye  giyen.  If  the  trans- 
mitter is  of  the  granular  type,  it  may  be  packed,  or 
the  batteries  may  be  run  down.  The  remeidy,  in  one 
<cas6,  is  to  refill  the  transmitter,  and  in  the  other,  to 
renew  the  batteries.  It  may  be  that  the  switch  hook 
does  not  complete  the  local  circuit  when  raised,  in 
which  case  the  contacts  should  be  carefhlly  oyer- 
hauled.  Perhaps  the  primary  of  the  induction  coil 
is  open,  or  the  secondary  is  short-circuited,  {b)  Yes; 
«nd  there  is  no  known  remedy  except  to  make  the 
telephone  line  a  complete  metallic  circuit,  with  its 
-sides  transposed  at  frequent  intenrals.  You  would 
probably  obtain  induction  on  lines  a  mile  apart  if 
they  ran  parallel  for  a  distance  of  16  miles. 

(294)  (a)  Can  aluminum  be  soldered?  (&)  What 
-flux  is  the  proper  one  to  use?  I  tried  to  solder 
aluminum  to  cast  iron,  but  did  not  meet  with  success 
in  using  common  soldering  acid. 

H.  A.,  Jersey  City,  N.  J. 
Am.— (a  and  b)  Take  of  aluminum  and  zinc  in  any 
of  the  following  proportions:  8  parts  aluminum  to 
-92  parts  sine;  12  aluminum  to  88  zinc:  15  aluminum 
to  85  zinc;  20  aluminum  to  80  zinc.  Melt  the  alumi- 
num; add  the  zinc  slowly;  finally,  add  some  fat 
and  stir  with  an  iron  rod,  and  cast.  For  a  flux,  use 
3  pints  of  copaiba  balsam,  and  1  pint  of  Venice  tur- 
pentine to  which  a  few  drops  of  lemon  Juice  have 
been  added.  Dip  the  point  of  the  soldering  iron  in  to 
the  flux. 

(295)  I  haye  a  Wimshurst  influence  machine  that 
sparks  at  the  brushes  and  combs,  but  the  electricity 
does  not  pass  between  the  balls  on  the  conducting 
rods,  (a)  What  is  the  cause  and  remedy  for  this? 
(6)  How  can  the  machine  be  reversed? 

C.  C.  a,  Kansas  aty,  Kan. 
Alls.— (a)  The  usual  cause  of  these  machines  not 
starting  up  is  poor  contact  between  the  brushes  on 
the  neutralizing  arms  and  the  reyoWing  sectors.  See 
that  these  make  good  contact,  and  also  see  that  the 
machine  is  perfectly  dry  and  flree  from  dust.  The 
terminal  rods  should  be  kept  apart  when  starting 


until  the  sectors  haye  become  ftilly  charged.  Per- 
haps the  neutralizing  rods  haye  become  shifted  from 
their  proper  positions.  It  might  be  well  to  try  shift- 
ing these  backward  and  forward  slightly.  There  is  a 
possibility  that  the  plates  are  being  rotated  in  the 
wrong  directions.  (6)  By  giying  one  set  of  sectors  an 
initial  charge  opposite  to  that  which  they  preyiously 

had. 

* 

(296)  Please  explain  the  statement  regarding 
single-acting  pumps,  on  page  240  of  "Meonanicr 
Pocket  Memorandum,"  as  to  water  flowing  into  the 
barrel  of  the  pump  when  the  piston  is  descending. 

O.  Q.,  Paris,  Can. 

Ans.— The  action  referred  to  will  occur  when  the 
column  of  water  is  moderately  long,  the  stroke  short, 
and  the  pump  worked  at  high  speed.  A  column  of 
water  once  started  in  motion  tends  to  keep  in 
motion  by  yirtue  of  its  inertia,  and  will  continue 
to  ascend  after  the  impulse  giyen  it  by  the  piston 
has  ceased.  If  the  piston  makes  the  stroke  quickly, 
it  giyes  the  column  a  new  impulse  before  it  has 
come  to  rest.  Hence,  the  foot-yalye  will  remain 
continually  open,  and,  as  stated,  more  water  will 
flow  than  theory  indicates.  This  phenomenon  is 
usually  termed  negative  dip. 

(297)  Please  inform  me  which  of  these  two  calcu- 
lations, in  finding  the  eifectiye  moment,  is  correct: 
Length  of  leyer  equals  86  inches;  weieht  of  leyer,  22 
pounds;  weight  of  yalye  and  stem,  8  pounds;  dis- 
tance from  fulcrum  to  yalye,  4  inches.  It  is  assumed 
that  the  center  of  gra-yity  of  the  leyef  is  at  its  middle 
point. 

18X^  +  8  =  j„;  or.   !8><(^-±82)  =  136. 

4  4 

M.  J.  B.,  NewYork,N.Y. 
Anb.— The  first  calculation  is  correct;  it  giyes  the 
downward  pressure  at  the  yalye,  due  to  the  weight 
of  the  leyer,  yalye,  and  stem. 

(298)  Please  inform  me  where  I  can  get  some 
information  regarding  liquefied  air. 

D.  S.,  Winnipeg,  Can. 
Aks.— Almost  anywhere.  The  current  numbers  of 
the  Journal  "Ice  and  Refrigeration,"  published  at 
Chicago,  111.,  contain  many  good  articles  on  this 
subject.  You  can  procure  a  book  on  liquid  air  and 
the  liquefaction  of  gases,  by  Dr.  T.  O'Connor  Sloane, 
ftt)m  The  Technical  Supply  Company,  Scranton,  Pa., 
price  12.50. 

♦  * 

(299)  (a)  In  running  feeders  10  miles  for  an  alter- 
nating-current circuit,  would  the  line  loss  be  affected 
by  changing  the  spacinff  of  the  wires  from  18  inches 
to  48  inches?  (b)  >youla  the  drop  be  less  at  48  inches 
than  at  18  inches?  (c)  I  haye  trouble  with  the  salts 
creeping  on  the  cells  in  my  telephone:  please  tell 
me  the  cause  and  remedy,  (d)  Please  describe  and 
illustrate  the  Hancock  inspiriator.  {e)  How  much 
current  would  each  lamp  get  if  three,  in  parallel, 
were  connected  in  series  with  one  lamp?  The  lamps 
are  16-candlepower,  110  yolts. 

L.  C.  H.,  Bradford,  Vt. 

Ans.— (a)  The  greater  the  distance  between  a  giyen 
pair  of  wires  carrying  an  alternating  current,  the 
greater  will  be  the  line  loss.  The  amount  would 
depend  on  the  size  of  your  feed^  and  the  frequency. 
(b)  No;  it  would  be  greaterat  48  inches,  (c)  Caused 
by  evaporation  at  the  contact  surface  between  the 
liquid  and  the  glass,  causing  the  salt  to  be  deposited 
on  the  glass.  Then,  by  capillary  attraction  and 
eyaporation,  more  and  more  salt  is  deposited  on  the 
glass,  gradually  covering  the  entire  exposed  surfkce. 
It  can  be  prevented  by  coating  the  entire  upper  sur- 
face of  the  glass  Jar,  an  inch  or  so  down,  with  wax  or 
paraffin.    To  do  this,  melt  the  wax  or  paraffin  in  a 
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dlih.  tni  dip  the  top  of  the  glaa  ]>r  Into  tba  melted 
wuc.  (d)  See  "  Hoiae  BtndT  Uagkilae,"  September, 
18M,  ■nlcle  entitled  "The  Injector,"  (e)  Aaumlug 
•  ItMMndlepower  llO-Tolt  lamp  to  have  a  raalitaiice. 
irhcD  hot,  of  320  obmi.  the  carrent  In  one  woDld  be 
■376+ ampere,  aod  in  each  of  the  three  In  paiallel, 
.136+  ampere. 


(300)  I  dedre  to  make  a  magnetlMd  dnim  10 
looheain  diameter  and  12  Inchea  long,  tor  leparatlDa 
Iron  trom  copper  QUngi.  I  have  been  Infonned  thai 
ItreqnlreaSOpotindaorNo,  10  double  eottoD-coTered 


—  I  proceed  to  »ucce"flillr 

>r  the  tame  7 

B.  v..  Qllta,  Cal. 
L— TbebMtfiinn  of  ma^ellc  wiiarator  that  ve 
of  that  emploja  a  rotating  drum  li  the  one 
rated  in  the  accompanTlng  Bgare,  The  magnet 
m,  m  are  caat  In  one  piece  and  tutened  to  the 
tal  S.  After  the  colli  k.t  are  pnt  on,  the  pole 
I  p  are  fastened  in  place  hj  mean*  of  machine 
a,  u  shoim.   The  drum  d  It  made  of  copper  or 


liTa«.'and  baa  a  Baage  /  oa  each  dde.  The  fllingi 
are  fed  to  the  revolving  drum  bf  the  hopper  A.  The 
copper  flllngi,  not  bting  attraeled  bj  the  magnets. 
(all  into  the  boi  B,  while  the  Iron  aungs  are  carried 
past  the  partition  and  tall  Into  /.  The  magneti  and 
partition  ahonld  be  adJuMable,  to  that  the  beat 


gradaallT 
Intlone  ft 


making  « 

inMeaidy. 


[nUone  ft  will  Increase  li 
loimal.  when  it  will  il  - 
dlSineace  In  speed  Is  m 


„ , .-.J ..  Is  enough  to 

be  annoying.  With  go  pounds  preanirB  Che  engine 
rtms  steadier  than  with  DO  or  100  pounds.  The  goT- 
emor  belt  does  not  slip,  and  (he  gOTemoi  rune 
perfactlT f^ee.  WhatlatbetionbleT  (a)  Neitvlnter 
we  Intend  lorunouieibausl  nlpe.afterltleaieithe 
closed  eibauit  beater,  through  the  mill  and  dowi 


there  will  be  my 
this  increase  t 


It  pipe.   Wll! 


lignite  aTeragea  abont  10,000  BrlUsh  thermal  onltR 
hence  a  poond  of  II  can  CTaporate  10,000  -i-  MS  " 
l0.36  pounds  of  water  from  and  at  2IZ°  PahrenbelL 
Aaaomlng  a  feedwater  temperature  of  40°  and  a 
steam  prcvure  of  100  pounds  gauge.  I.1G7  British 
thermal  units  will  lie  required  to  evaporate  I  poond 
of  water.  Hence,  under  tbeae  oondlUons.  a  pound  of 
lignite  will  evaporate  lO.OOO  ->-  1,1«T  ~  B.a?  poon^ 
7011  evaporate  onlr  about  A  pounds. 


rather  low.  It  may  be  the  case,  however,  that  the 
particular  mn  of  lignite  you  are  using  hiss  a  very 
low  heating  value,  in  whloh  ease  your  elBcieney 
would  be  much  higher  than  here  calculated.  The 
elBcleQcy  may  then  be  all  that  conid  be  expected. 

(802)  Please  give  a  formula  fbr  coating  a  paper 
that  will  print  black  lines  on  a  white  ground  nnder 
an  ordinary  tradng.        W.  H.,  Foughkeepaifl,  N.  Y. 

Am.— A  paper  fbr  direct  printing  of  black  line*  on 
a  white  ground  may  be  prepared  as  fbllows;  In  9 
ounces  of  wal«r  dlnnlTe 

Oelatlne..  3  drama 

Perchlorlde-of-lron  solution  ...   6  drama 
Tartaric  acid  ...      8  drama. 

Ferric  SQlphale  of  Iron 3  drama 

Apply  two  coats  of  this  solatlon  to  the  iDrfkee  of 
a  heavily  slied  paper,  allowing  each  coat  to  dry 
tbonraghly.  Print,  as  with  bloe-proceas  paper,  onda 
a  tracing  having  somewhat  heavy  and  well-deflned 
lines,  and  develop  the  print  In  a  solution  consisting  of 
A  drains  of  gallic  add  dissolTod  In  32  onncee  of  water 
and  «i  Dance*  of  alcohol.  The  lines  will  appear 
strong  and  of  a  deep  pnrple-black  color,  and  the 
gronnd  will  assume  a  cream  tlnl,  afterwards  chan- 
ging lo  a  pale  gray.  The  print  should  Chen  be  washed 
In  several  changes  of  water  and  hung  np  Co  dry. 
Additional  linn,  on  this  form  of  print,  can  b»  made 
with  ordinary  drawing  ink;  "H^-g  lluea  can  be 
removed  only  by  carefol  mbhlng  wlch  an  ink  Qraset. 


cijl**- 
inbifd 


11  me  what  method  Is  gen- 


long.  hasM  Sues,  and  16  square  feet  of  grale  surface. 
In  a  run  of  eleven  hours  I  burn  about  3.000  pounds 
of  North  Dakota  lignite,  and  use  about  1,400  gallons 
of  water,  la  this  a  good  boiler  efflclenryT  The 
bridge  wall  comes  within  K  tnehci  of  the  boiler. 
F.J.V.  K.,Glen  Uliln,  N.  Dak. 
Ahb.— (a)  It  Is  posslUe  that  your  governor  Is  too 
sensitive,  and  we  would  advise  yon  to  regulate  the 
dashpot  We  are  Inclined  to  doubt  your  stalemenl 
about  the  governor  being  perfectly  ftee,  and  would 
recommend  a  careful  overhauling.  However,  wlth- 
ODt  a  personal  examination  we  can  only  oO^r 
BUggeations.  {b)  Yes.  (r}  As  you  are  evaporating 
cnly  about  i  pounds  of  water  per  pound  of  coal,  the 
~  ■         '       )t  very  greaL   The  beating  value  of 


in  bridBe  girders  and  roof  InusesT  Also,  would  you 
please  In  Ibrm  ms  of  some  book  that  treats  tboronAIy 
on  this  subject  ?  As  It  will  be  used  by  one  luolllar 
with  higher  mathematica,  the  use  of  such  will  not  be 
an  objection.  C.  8.  O.,  Erie.  Pa. 

AMS.— There  are  two;  namely,  the  method  of 
momenta,  which  is  purely  analytical,  and  the  graph- 
ical, which  consists  in  the  determination  of  the 
stressea  by  means  of  geometrical  diagrama  drawn  lo 
scale.  They  are  both  used  eitensivelir,  though  the 
graphical  la  more  In  favor  with  brldgeandstructnral- 
steel  shops,  as  the  liability  of  error  tn  using  thla 
meChodlsredacedtoamlnimum.  A  good  boo  kou  the 
subject,  treating  on  the  practical  deaignlngofltamed 
stiuctuTH,  and  giving  both  the  analytical  and 
graphical  methoda.  la  Johnson's  "Theory  and  Prao- 
Hce  of  Uodem  Framed  Structures."  It  can  be  had 
tor  Its  price  (•10,001  from  The  Technical  Supply 
Company,  Scran  ton.  Pa. 

(304)  la)  Referring  to  "  The  Sleam-Bleclric  Uan- 
sine,"  July,  i«9g.  Answers  to  IntfUlrlea  No.  13».  will 
the  coil  described  be  suitable  for  S-ray  work,  and 
for  er citing Qeiaiiler  tubes?  lb)  Is  a  vibrator  required 
Inconnecticia  with  this  coin  (c)  Please  reconuneod 
a  boolr  giving  drawings  and  directions  for  cod- 
structlng  ■  l-l3lowaCt  dynamo,  preferably  4-pole. 
H.  A.  B.,  Chicago.  ni. 

ANS.~|a  and  b)  Yea;  reference  is  made  to  the 
Ylbrator  in  the  answer  you  refer  lo.  (e)  "How  to 
Hake  a  One-Honepower  Motor  or  Dynamo,"  by 
A.  E.  Watson,  price  W  cents,  may  be  obtained  fnnn 
"■     ~    "         "  Supply  Company.  Scianton,  Pa. 
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_.   _  Ibat  It  win 

b«  wlDd-and  w«KUiei-tlglii. 
The  upper  nub  or  traniom 
la  ntoaatj,  KDd  the  lower 
raib  is  bang  with  welgbU. 
(M  What  would  be  the  bert 


)  OiB  lower 

F.  J.  C, 


1   We  n 


Fio.  I 


gett  that  you  ccuatruct  the 
traniom  bar  ihowD  at  a, 
Pig.  1,  ai  ihown  la  the  lec- 
tlOD,  rig.  2.  In  order  that 
the  upper  ttxDiom  taah  will 
be  wind-  and  weslber-tlgbt. 
the  Rill  /  mutt  be  rabbeted 
ezlernal  appeannce  la  evl- 
constrncled 


Into  it.  and  ai  a 
deoUr  required. 

with  a  ^la  B  and  mold  h,  as  imawn.  Hince  uui 
aonatnictlaii  Increasea  tbe  width  or  the  lower  trao- 
•Om  bar  beyond  that  uinatly  employed.  U  might 
twwetl.  for  tbesakeor  appearance,  to  Inlroduce  the 
■oratch  bead  e.  The  upper  rail  or  (he  hung  aaah  can 
beoonatructed  wltb  a  Mop  J.  which  should  preTerablr 


kind!  of  pla«l«r,  ilncM»,  Partland  oemenl.  hydraulic 
cemeati,  Koaend&le  and  other  cements.  The  price 
orthla  book  Is  tl.OO.  There  are  several  other  booka 
that  treat  more  or  lees  on  Che  snbjecl;  for  instaace. 
■■Noleaon  Building  ConatrucUon."  Volume  2.  aod 
"Building  CoQBlTuctloD  and  Snperlntendeace." 
Part  I.  The  brmer  Is  aa  English  book  aad  caa  be 
obl»lned  for  about  (2.50,  while  the  tatter,  wrtttaa  by 
F.  E.  Kidder,  deals  with  Amerlcaa  practice,  and  caa 
be  purchased  for  M.OO.  Any  of  the  booka  mentioned 
may  he  obtained  from  The  Tecbnleat  Supply  Com- 
pany. Scrauton,  Pa. 

(SOT)  Can  you  glye  me  a  receipt  for  mahi^aay 
Blaln  In  dlatempci:  also,  one  In  ollT 

J.  a.,  Ban  PraDclaco,  Cal. 

Am.— Mahogany  stain  may  be  obtained  lyom  a 
thin  mixture  of  btinit  itenna,  ground  In  vinegar. 
The  graining  and  staining  Is  done  while  wet,  with 
the  same  stain  thickened  with  more  alenna.  In  the 
case  of  hard  woods  the  filler  should  be  stained  also 
before  being  uaed.  We  do  not  know  of  any  receipt 
for  mahogany  oil  stain. 


(tOS)  UuohoftheiionhardwareandhOQaeflttlDgi 
hare  a  dull  black  finish  that  the  trade  calls  Bower- 
BaifT.  Can  yon  give  meaameldeaortbepTocenby 
which  this  flalih  li  ptoduoed  ? 

J.  C,  U..  Boston,  UaM. 

AxB.— The  prooBH  fbr  preaerving  iron  known  aa 
Bower-BarlT  eonilata  in  railing  the  tamperatnre  of 
the  iron  In  a  cloaed  TCael,  and  subjecting  it  tor  a 
period  or  13  hoot*  to  the  action  of  iQperheatcd  steam 
at  the  same  temperalnre.  Black  oxide  of  iron  is  thus 
formed  on  the  itirfkca,  and  there  remits  a  duU  black 
Unlall  or  akin.  When  used  for  interior  work,  it  will 
retain  its  color  tot  ■  ooaddersble  time,  bnl  wbea 
mad  for  exterior  work,  II  loses  Its  color  ere  long  by 


andisnsed , 

hard  pine.    The  maa  ibat  built  It  said 


Orloadii^BlonB,  Thebraceaar 


wooldlastlongertf  they  were  left  nnpsinled,  litely 
Ucea  that  the  braoesare  tumln-  '-'--'-  ■- 
. "—--lo  know  If  there  Is 


be  made  of  cloae-grained  hard  wood,  such  as  birch  or 
cherry,  and  fattened  to  the  upper  nil  by  gluing  and 
countetmink  braas  screws.  A  w»Iher  Joint  will  tbas 
beoblained  for  the  hnng  sash,  (b)  Feasibly  the  beet 
manner  in  which  to  lock  the  moTable  aaah  is  to 
inaertin  thestileamortlaesssh  lock.  Th«esrewe11 
adapted  for  saahes  where  It  is  undesirable  to  place  the 
lock  upon  the  upper  surface  of  the  top  rail.  They 
ean  nanally  be  obtained  from  any  flrat-clssa  hardware 


(306)  Will  you  refer  me  (o  some  book  that  givea 
•  fall  and  accurate  description  of  plaatering  and  the 
Tartoni  ways  of  layiog  out  groined  ceilings,  ellip- 
tical work,  cornices,  and  other  Information  pertain- 
ing to  the  trader        R.  O.  M«cl.,  Germantown,  Pa. 

AMB.—A  book  called  ' '  Plaater  and  Plastering,  Uor- 
tars  and  Cementa"  la  a  complete  gnlde  to  the 
plasterer  In  the  preparation  and  applicatloa  of  all 


I  have  noticed 

places,  and  wo .       .     .. 

can  do  that  will  preserve  them. 


lately 

Ing  black  in 


..,  Spruce  Bead,  Ue. 
Ahb.— Under  some  conditions  (he  derrick  builder 

would  be  light  in  recommending  that  the  braces  be 
left  unpaimed;  for  Instance,  if  the  wood  were  not 
thoroughly  seasoned,  or  it  it  contained  considerable 
moisture,  to  paint  or  apply  any  preservative  costing 
to  the  outside  would  be  like  leaving  vermin  Inside  a 
corn  chest  and  locking  them  in.  The  moisture  and 
fermenting  conititueuta  in  the  sap  ore  unable  to  get 
out.  owing  to  the  pores  being  filled,  and,  by  remain- 
ing, cause  rot  and  decay.  If  the  discoloration  on  the 
braces  is  Incipient  decay.  It  will  be  somewhat  diffi- 
cult to  remedy.  Tbeonly  way  Co  prevent  the  destruc- 
tion, that  we  can  lUggesl,  ia  to  aacertaln  whether  it 
la  on  the  surface,  and  if  BO,  the  discoloration  or 
appearance  of  decay  should  be  planed  off  until  the 
sound  timber  la  reached.  The  bracea  may  then  he 
painted  with  any  good  pteservatlve,  sncb  aa  linseed 
oil.  coal  tai,  or  any  good  point.  It  haa  been  found 
that  coal  tar,  mixed  with  dry  sharp  sand,  makes  an 
excellent  preservative  where  the  timber  ia  subjected 
Co  heavy  Btreeaeaofwindand  weather,  aa  wc  suppose 
la  the  esse  with  the  derrick  you  mention.  In  Hol- 
land, to  preserve  the  gates,  drawbridges,  sluices,  etc., 
they  are  coaled  with  a  mixture  of  pitch  and  tar.  In 

shells,  beaten  a 
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"'*?«iii^^ 


<810)  What  do  jou  consider  to  be  the  beet  method 
of  flxlng  large  ligfata  in  swinging  doors?  Where 
the  glass  is  fixed  in  the  ordinary  way,  I  find  that  the 
violent  slamming  of  the  door  will  frequently  break 
or  crack  the  glass.  Can  yon  offer  any  suggestion 
that  might  be  likely  to  prevent  such  a  contingency? 

C.  B.  C,  Cleveland,  Ohio. 

Ans.— It  is  best  in  such  doors  to  have  a  solid  rebate, 
and  to  provide  a  loose  bead  instead  of  putty.  The 
bead  should  preferably  be  secured  with  screws. 
Where  the  light  is  large  and  the  door  is  subjected 
to  shooks  or  vibrations,  a  strip  of  felt,  rubber,  or 
even  double  thickness  of  blotting  paper,  stained  to 
suit,  or  painted  black,  should  be  placed  between  the 
wood  and  the  glass;  a  cushion  is  thus  formed  for  the 
glass,  and  the  danger  of  breaking  or  chattering  wUl 
be  eliminated.  For  outside  doors,  or  others  liable  to 
slam  with  the  wind,  it  is  well  to  attach  a  door  check, 
such  as  the  "  Blount "  or  "  Bardsley,"  when  there 
will  be  no  liability  of  the  glass  being  broken. 

«  « 

(811)  Will  you  please  inform  me  how  to  draw  a 
five-pointed  star,  inscribed  in  a  circle? 

F.  M.  B.,  Calumet.  Mich. 

Anb.— Draw  a  circle  of  the  same  diameter  as  the 
star  that  you  wish  to  inscribe,  as  shown  in  the 
accompanying  figure. 
Within  the  drcle,  draw 
a  small  circle  equal  in 
diameter  to  half  that 
of  the  larger.  Connect 
the  center  c  of  the 
small  circle  with  the 
point  d  at  which 
the  horlsontal  diam- 
eter intersects  the 
large  circle.  Then, 
with  a  pair  of  dividers, 
step  off  the  distance 
d  «,  as  a  chord  around  the  circumference  of  the  large 
circle.  In  this  manner  the  points  e,  g,  h,  i,  etc.  will 
be  obtained.  Connect  alternate  points,  as  shown, 
and  the  outline  of  the  star  will  be  defined. 

»  » 

(812)  How  can  I  thaw  a  frozen  water  pipe  with 
current  ft-om  a  110- volt  direct-current  machine? 

G.  W.  T.,  Crested  Butte,  Colo. 
An8.— Run  heavy  conductors  to  the  ends  of  the 
pipe  to  be  thawed  out;  if  the  latter  cannot  be 
reached,  make  the  connections  as  near  as  possible  to 
the  portion  containing  the  ice.  Make  your  connec- 
tions with  heavy  copper  clamps.  To  determine  the 
amount  of  current  to  supply,  calculate  the  cross- 
section  of  the  pipe  and  allow  1,000  amperes  per 
square  inch.  If  the  current  is  not  sufficient  to  thaw 
the  pipe,  increase  it.  Forty  minutes  at  the  utmost 
should  suffice.  Control  the  current  by  means  of  a 
water  rheostat. 

«  « 

(818)  (a)  What  is  the  best  way  of  applying  asben- 
tos  in  flour  form  to  a  hot- water  heater?  My  idea  is 
to  mix  it  with  some  liquid,  and  so  make  a  mortar  that 
v^hen  laid  on  the  smooth  surface  of  the  heater  will 
sphere  securely.  (6)  I  am  thinking  of  putting  a 
water-heating  apparatus  in  a  greenhouse  whose 
dimensions  are  100  feet  long,  20  feet  wide,  and  9  feet 
high,  and  exposed  on  two  side8,  having  a  ^pitch 
roof.  How  must  I  arrange  the  pipes  so  as  to  get  the 
most  satisfactory  results,  and  what  size  pipes  should 
be  used  ?  I  wish  to  employ  a  low-pressure  system  of 
heating,  and  to  place  the  heater  at  one  end.  above  the 
ground.  F.  W.  R.,  New  London,  Ohio. 

Ans.— (a)  It  is  customary  among  steam  fitters  to 
mix  asbestos  into  the  cement  or  mortar  by  the  intro- 
duction of  water  and  plenty  of  *'  elbow  grease."  The 
cement  must  be  thoroughly  mixed  and  made  very 
plastic,  when  it  is  applied  with  a  trowel  in  the  ordi- 
nary manner.  To  keep  it  from  cracking  and  falling 
off  a  smooth  surface,  such  as  the  outside  of  a  hot- 


water  heater,  we  would  advise  you  to  endrele  the 
heater  with  wires,  or  a  screen,  or  something  to  which 
the  mortar  can  readily  adhere.  (5)  The  proper  way 
to  arrange  pipes  so  as  to  get  the  most  satisfkctory 
results,  is  to  place  them  under  the  benches  and  around 
the  exposed  walls  as  much  as  possible,  but  if  you  set 
the  heater  above  the  ground,  that  is,  above  the  level 
of  your  coils,  the  circulation  will  he  too  dusrgish  for 
good  results;  we  therefore  advise  you  to  dig  a  pit 
and  set  the  heater  at  least  8  feet  below  the  coUs,  in 
the  ordinary  manner.  It  is  foolish  to  court  troable 
by  setting  the  heater  higher  than  the  heating  coils. 

♦ 
«  » 

(314)  I  have  a  Job  on  hand  where  it  will  be  neces- 
sary to  fiuten  some  sheet  copper  to  a  stone  surface. 
What  simple  method  can  I  use  to  make  a  good  job 
and  leave  no  nail  or  screw  heads  open  to  the 
weather?  R.  A.  M.,  New  Haven,  Conn. 

Aks.— A  common  method  is  to  cut  holes  (torn  ^  to  | 
inch  in  diameter  at  intervals  all  over  the  surface  of 
the  stone.  The  holes  are  cut  wider  at  the  bottom 
than  at  the  top,  so  that  the  lead  plugs  cannot  be 
pulled  out.  A  rod,  whose  diameter  is  a  little  leas 
than  that  of  the  screws  to  be  used,  is  greased  and 
placed  upright  in  the  hole,  and  lead  is  poured 
around  the  rod  until  the  hole  is  filled.  The  rod  is 
then  pnlled  out  and  the  sheet  copper  is  screwed 
down  to  the  lead  plugs  with  brass  screws.  Expansion 
bolts  are  also  much  used.  After  the  stone  is  covered 
the  holes  are  located  by  tapping  the  copper  sheet 
with  a  hammer.  A  washer  is  placed  between  the 
bolt  head  and  the  copper.  When  the  bolt  is  screwed 
down,  a  tapered  nut  is  drawn  up  and  presses  the 
sides  against  the  edge  of  the  hole.  A  cone  is  soldered 
over  the  fastener,  whether  made  with  a  lead  fdug  or 
with  an  expansion  bolt,  and  makes  it  water-tight. 

* 
«  » 

(815)  Does  the  strength  of  a  piece  of  timber 
depend  on  its  weight?    T.  A.  N.,  Ann  Arbor,  Mich. 

Ans.— It  is  a  well-established  fiict  that  with  the 
same  species  the  strength  of  wood  varies  with  the  dry 
weight  (specific  gravity),  the  heavier  wood  b^ng  the 
stronger.  This  law  holds  good  not  only  for  a  given 
species,  but,  irrespective  of  species,  for  the  four 
principal  pines  of  our  Southern  states.  This  truth 
is  of  importance  owing  to  the  fact  that  the  wood  of 
these  species  of  pines,  so  far,  cannot  be  distinguished 
by  its  anatomical  structure,  and  only  with  difficulty 
and  uncertainty  by  other  appearances,  while  in 
the  lumber  market  substitution  is  not  infyequent 
With  these  pines,  therefore,  where  strength  alone 
is  desired,  it  would  be  well  to  inspect  the  material 
by  specific  weight.  The  United  States  Department 
of  Agriculture,  Division  of  Forestry,  state  that  their 
recent  tests  i^idicate  "that  probably  in  woods  of 
uniform  structure,  strength  increases  with  specific 
weight,  independently  of  species  and  genus  distinc- 
tions; i.  e.,  other  things  being  equal,  the  heavi^ 
wood  is  the  stronger."  The  complex  structure  of 
oak,  however,  causes  this  wood  to  divaricate  some- 
what fh>m  the  above  rule. 

*  « 

(316)  Please  give  the  address  of  some  firms  that 
build  small  spring  motors  for  running  phonographs, 
etc.  I.  N.,  Seneca  Falls,  N.  Y. 

Ans.— Regina  Music  Box  Company,  Rah  way,  N.  J.; 
Otto  &  Sons,  Jersey  City,  N.  J. 

« 
«  * 

Correction.— In  answer  to  question  239,  printed  in 
the  October  number  of  "  The  Mechanic  Arts  Maga- 
zine," there  is  an  error  in  Fig.  4,  where  the  parallels 
of  latitude  were  inadvertently  numbered  in  the 
reverse  order  of  what  they  should  have  been.  Tbe 
numbers  60°,  45°,  30°  in  the  parallels  should  be 
reversed;  they  should  increase  ftom  the  equator 
towards  the  pole. 


STARRETT'S 
HACK 
SAWS. 

Ttaer  are  mvls  of  the  flncrt  gnde 
Ol  >t«e1.  The  leeth  are  Bbkrp.  vltb 
iquire  cuttlug  points,  aiid  CTenlr  Kt. 
They  «re  tempered  bjr  our  ImprDved 
procesi,  whii'h  lemTea  them  hard  a.oA 
tongh.  The  let  o[  tbe  tetth  Is  ]Ukt 
enough  10  Insure  a  Free,  scoooth,  and 


Cat! 


lotue  of  Plna  Tool!  Free. 
THE  L.  S. 

STARR  CTT 

CO.,  Box  gi, 

ATHOU  HASa.,  U.  S.  A. 


See  the  Klip? 


PULLMAN  SASH  BALANCE  CO., 

VAHUriCTUBBM  O^  TBI  t>OT(D 

"Pnllnun"  Hudian  Sptcliltles. 

Main  Offlce  and  Worfc« :  Rochester,  N.  Y..  V.S.A. 

"Pnllman"  Hijh  Grade 

Door  Check  and  Spring. 


Check 
[Leak. 


Moat  Compact,  Dnrable,  and  Symmetrical. 

Mads  lor  hard  usage  and  long  service. 

Bmalleat  In  siie— Simpler  la  principle. 

Il«t  oselul  In  action.    la,rgeet  and  strongeM  bearins^ 

Reqnlrea  smalleiC  amount  ol  llqold. 

Beadll;  changed  from  right  to  IcR  or  tIob  Teraa. 

Can  be  pnt  up  bj  anj  one. 

SIX  SIZES.    (Screen doon to beavIcMdaai*.) 

Send/or  duxi  FbKter  JVo.  ».   SeadM  Qtaent  FOder  No.  i. 


CLEVELAND  TWIST  DRILL  CO.. 

■■k«»  Ol 


Catalogue  Free. 


Just  What  You  Want!    """ 

"THE  TOOL  CATALOGUE.'' 


1898  Edition.    Over  600  pages,  with  disconnt  gbeet. 
MONTOOMKftV    A    CO.,  ' 


Sent  postpaid  on  receipt  o[  26  oeiK& 


NCW    YORK   eiTV. 


Is  by  all  odds  the 

complete  calalogui 
pages,  over  2,0OC 
Our  Wood 
is  just  as  much  ol  a  book, 
other:  coi 


r;rS  "A  BOOK  OF  TOOLS," 

■y.  Tools,  and  Supplies  for  Melal  Workers.    ItCDDtalniW 
id  everything  priced. 


MacH 
eatologue,  entitled 


WOOD  WORKERS'  TOOLS," 

Dkail  Ing  eipoMn, 
THE  CHAS.  A.  STRELIII6ER  CO..  Bm  K,  Detroit.  Mich- 


over  Z.aoo  Ulustratk 
Bltberol  thete  catalogues  sent  free  upon  receipt  or  is  centi  to  i 
Address: 


B^J 


Success  tn  manufacturing  depends  not  only  upon  enerfcy  but  efficient  tools. 

The  Grccncrd 

Arbor  Press 


SavoB  BpoiliDg  work. 

8&vea  the  bartnroua  poanding  on  a 
piece  of  steel  <the  arbor  or  mnndrel)  Ihat 
time  and  money  waa  apent  to  make  acco- 
rate. 

No  other  tool  in  the  ahop  ie  abased  like 
the  arbor. 

Saves  time  and  finished  work. 

3,000  in  use. 

Used  for  forcing  arbors  or  mandrels 
into  and  out  of  work.  Saves  springing  and 
battering  the  arbor  as  well  as  the  poa^ble 

Slitting  of  the  work,  which  comes  from 
e  usnal  method  of  driving  the  arbor  by 
means  of  a  hammer  or  sledge.  It  also  eaves 
cleaning  out  the  center  of  the  arbor  aed 
takii^  oft  the  lathe  dt^  when  changing 
pieces. 

Some  years  ago  we  asked  a  machinist 
(an  acquaintance  of  a  number  of  years)  to 
try  one  ot  onr  arbor  presses.  He  said  his 
work  was  of  a  class  that  did  not  admit  of 
any  of  the  luxuries  of  the  craft.  It  was 
push  from  7  a.  m.  to  6  p.  h.  to  make  a 
dollar.  Thought  the  prese  was  all  right  in 
shops  that  conid  afford  it.  He  finally 
allowed  na  to  send  him  one,  not  because  he 
believed  in  the  press,  bat  to  please  na. 
Today  he  has  18  in  use,  and  he  did  not 
buy  them  to  please  us  either. 

Perhaps  you  feel  as  he  did.  Why  not 
let  us  send  you  one  (it  will  please  ua),  and 
the  same  road  that  brit^  you  the  press  will 
return  it  to  us  at  your  command,  and  at  our 
expense. 

Bvny  live  dealer  aelU  tbcm.    it  years  doesn't,  send  to 

EDWIIN   E.    BARTUETT, 

Successor  te  c.  F.  HARLOW  ft  CO.  384  Atlantic  Avenue,  Boston,  U.  S.  A. 
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OUR  globe,  in  its  endless  travel  through 
space,  carries  with  it,  as  eveiy  one 
knows,  an  enormOQS  qoantitT  of  air. 
When  some  portion  of  this  air  is  put  in 
motion,  we  sajr  that  "a  wind  is  blowii^." 
Wind,  therefore,  ma]*  be  defined  aa  air  in 
motion. 
Then  comee  the  qneetion:    How  is  wind 


All  winds— the  rag^g  tempests  as  well 
aa  the  gentle  evening  breezes — are  caused, 
directly  or  indirectly,  by  changes  of  temper- 
atore.  If,  from  any  cause,  two  neighboring 
regions  become  very  unequal  in  temperature, 
the  air  of  the  warmer  repon,  being  lighter 
than  tbe  other,  will  ascend  and  spread  out 
over  the  top  of  the  colder,  white  the  heavier 


.—The  Calx  BEronE  ti 


caused?  what  powerful  fan  puta  the  air  in 
motion,  and  pushes  it  along  at  so  great  a 
velocity  that  it  sometimes  is  able  to  carry 
with  it  stones,  trees,  and  honaea,  the  weight 
of  which  would  tip  the  scale  at  geveral  tens 
of  tons?  The  majority  of  our  readers  are 
probably  &miliar  with  this  cause,  but  many, 
for  reasona  of  their  own,  are  not,  and  to 
them  the  following  may  prove  interesting. 


air  of  the  colder  region  will  flow  in  below  to 
supply  ita  place.  Thua  a  motion  ia  pro- 
duced, tbe  swiftness  of  which  will  depend 
on  the  difference  in  temperature  between 
the  two  regions.  The  greater  the  difference, 
the  greater  the  velocity  of  the  wind;  and 
this  wind,  or  rather  these  winds — one  blow- 
ing from  the  colder  region  to  the  warmer, 
along  the  surface  of  the  earth;    the  other 
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from  the  warmer  to  the  colder,  in  the  upper 
regions  of  the  utmosphere — will  continae 
to  flow  until  the  equilibrium  is  restored. 
Changes  of  temperature,  although  the  prime 
cause  of  all  winds,  are  commonly  considered 
as  bringing  about  changes  of  barometric 
pressure  as  well  as  changes  of  the  specific 
gravity  of  the  air;  in  reaUty,  however,  these 
are  but  secondary  causes. 

Winds  are  classified  as  constant,  periodical, 
and  variable,  and  are  named  according  to 
the  direction  from  which  they  come.  To 
the  first  named  belong  the  trade  winds, 
which  blow  unceasingly  fr^m  northeast  to 
southwest  in  the  northern  hemisphere,  and 
from  southeast  to  northwest  in  the  southern 
hemisphere,  their  area  of  operation  extend- 
ing fr^m  about  30""  N  to  30''  8,  with  a  belt 
of  calms  between,  commonly  known  as 
doldrums. 

The  name  trade  winds  was  given  to  these 
winds  on  account  of  their  steadiness  and 
constancy,  as  well  as  for  the  great  service 
they  render  to  commerce  and  navigation. 
For  centuries  the  trade  winds  were  a  puzzle, 
both  to  the  meteorologist  and  the  navigator. 
To  Columbus,  on  his  first  voyage  across  the 
Atlantic,  they  were  indirectly  a  source  of 
trouble;  the  crews  of  his  ships,  believing  it 
impossible  to  return  home  on  account  of  the 
wind  blowing  constantly  from  the  east, 
revolted  several  times,  demanding  an  im- 
mediate abandonment  of  the  voyage,  but 
Columbus  always  succeeded  in  quieting 
them.  Had  Columbus,  after  the  discovery 
of  the  New  World,  not  been  careful  enough 
to  avoid  the  trade  winds  by  steering  north 
before  he  turned  eastward,  he  would  assur- 
edly never  have  found  his  way  back  to 
Spain.  His  vessels  being  badly  provisioned 
and  defective  in  construction,  he  and  his 
crew  would  have  perished  of  hunger  in  the 
vast  r^ons  of  the  trade  winds. 

The  astronomer  Halley  was  the  first  to 
suggest  an  explanation  of  the  trade  winds,  . 
and  his  theory,  with  a  slight  modification, 
is  now  accepted  as  correct.  This  explana- 
tion, briefly  told,  is  as  follows:  When  the 
portion  of  the  earth's  surface  that  is  heated 
is  a  whole  zone,  as  in  the  case  of  the  tropics, 
a  surface  wind  will  set  in  towards  the 
equator  from  both  sides.  These  winds,  being 
united  at  the  equator,  will  then  ascend  and 
flow  separately  as  upper  currents  in  opposite 
directions;  hence,  a  surface  current  will 
flow  from  the  higher  latitudes  towards  the 
equator,  and  an  upper  current  from  the 
equator  in  the  direction  of  the  poles.  If, 
then,  the  earth  were  at  rest,  a  north  wind 


would  prevail  in  the  northern  half  of  the 
torrid  zone  and  a  south  wind  in  the  southern 
half.  But  these  directions  are  modified  by 
the  earth's  rotation.  During  their  move- 
ment from  the  poles  they  pass  graduaUy 
by  the  parallels,  the  diameters,  and,  conse- 
quently, the  rotary  speed  of  which  progres- 
sively increase.  If  their  absolute  velocity 
does  not  diminish,  they  will  apparently 
move  towards  the  west,  and  their  seeming 
direction  will  be  from  northeast  to  south- 
west, which  is,  in  fact,  the  general  direction 
of  the  trade  winds  in  the  northern  hemi- 
sphere. A  similar  result  follows  in  the 
southern  hemisphere;  the  wind  there,  ccnn- 
ing  from  the  south,  is  influenced  by  two 
forces — one  drawing  it  north,  the  other 
drawing  it  west—and  will,  by  the  law  of 
the  composition  of  forces,  take  an  inter- 
mediate direction  and  blow  from  southeast 
towards  the  northwest.  All  observations 
confirm  this  reasoning. 

The  doldrums,  or  calm  r^ons,  already 
mentioned,  extend  across  the  Atlantic  and 
Pacific,  their  general  direction  being  paral- 
lel to  the  equator.  It  marks  the  meeting 
ground  of  the  north  and  the  south  trade 
winds,  where  they  mutually  neutralize  each 
other.  These  calm  regions  occupy  very 
different  positions  at  the  dose  of  the  ¥Finter 
months  than  at  the  end  of  the  summer 
months.  They  never,  cross  the  equator  in 
the  Atlantic  Ocean.  In  the  spring  the  cen- 
ters of  these  regions  are  only  1^  or  2®  north 
of  the  equator,  while  in  the  summer  they 
often  rise  to  latitude  9^  or  10°  N.  These 
changes  are  directly  influenced  by  the  sun, 
advancing  with  that  luminary  to  the  north- 
ward during  the  summer,  and  retreatiog  with 
it  during  the  early  winter  months.  The 
doldrums  are  always  dreaded  by  the  crew  of 
a  sailing  ship  about  to  cross  the  equator; 
for  they  know  that  the  favorable  wind  that 
has  brought  them  thus  far  will  gradually 
fail  and  finally  disappear  altogether.  In 
many  instances  ships  have  been  detained  in 
these  calm  regions  for  weeks,  in  a  state  of 
painful  helplessness,  the  crew  being  unable 
to  do  anything  but  patiently  wait  for  a  wind 
to  fill  their  flapping  Eails.  The  water  all 
around  them  resembles  a  vast  sheet  of  ice, 
slowly  rising  and  faUing  with  the  monoto- 
nous motion  of  the  ocean;  while  above, 
Old  Sol  unmerciftdly  throws  his  rays  ver- 
tically down  upon  the  deck. 

In  connection  with  the  origin  of  the  trade 
winds,  the  writer  once,  on  asking  an  old 
Italian  sailor  what  he  considered  the  cause 
of  these  peculiar  winds,  received  the  following 
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curioDB  reply:  "Before  ColumbQB  atarted 
on  hia  bmona  voyage  of  discovery  he  paid 
a  viait  to  a  noted  fortane  teller  at  Naples, 
who  had  the  reimtation  of  being  poeeeeaed 
of  extraordinary  powers.  He  asked  her 
what  sacrifice  ahoald  be  made  in  order  to 
innire  &vorable  winds  oa  bis  comine  voyage. 
Colambns,  in  accwrdance  with  tbe  custom 
then  prevaUiDKi  wore  luxnriant  hair,  of 
which  he  was  very  prond.  He  was  told 
that  this  hair  would  be  the  price  of  his 
snooeas.  After  some  hesitation  Columbus 
consented  to  part  with  it;  the  sacrifice  wm 
made,  and  in  return  the  fortune  teller  prom- 
ised tbat  favorable  winds  would  blow  toward 
the  west  as  many  days  as  there  were  hairs 
on  his  head." 

Next  to  the  trade  winds  the  monsoons  ore 
undoubtedly  the  moat  notewcniby.  Tbe 
term    itumtoon,  derived   from    the  Arabic 


in  its  turn  is  warmer  than  Australia  and 
South  Africa.  Hence,  as  the  heated  air  of 
Southern  Asia  expondB  and  risee,  and  the 
colder  air  from  the  south  flows  in  to  take  its 
place,  a  general  movement  of  tbe  atmosphere 
of  the  Indian  Ocean  sets  in  towards  the 
north,  thoB  giving  a  southerly  direction  to 
the  wind.  But,  as  the  wind  ccnnes  from 
parts  of  the  earth  that  revolve  more  quickly, 
and  flows  to  those  that  revolve  more  slowly, 
a  direction  towards  the  east  is  communicated 
to  it.  The  combination  of  these  two  direc- 
tions reeults  in  the  southwest  monsoon,  which 
accordinglyprevaUstbereinsummer.  Agun, 
when  the  aun  is  south  of  the  equator  dnrii^ 
the  winter  months,  the  southern  part  of 
Asia  is  colder  than  South  AMca.  This 
causes  a  general  movement  of  the  atmos- 
phere trota  the  north  towards  the  sontb,  and 
by  tbe  rotary  motion  of  tbe  earth  a  westerly 


Fio.  2.— The  FamFebo. 


word  nuaotim,  meaning  "time  or  season"  of 
tbe  year,  is  applied  to  tbe  prevailing  winds 
in  Uie  Indian  Ocean  that  blow  from  the 
southwest  trom  April  to  October,  and  from 
the  northeast,  or  opposite  direction,  from 
October  to  April.  Tbe  monsoon,  like  the 
trade  winds,  is  caused  by  the  inequality  of 
heat  at  different  regions,  as  weU  as  by  the 
rotation  of  the  earth.  Had  the  equatorial 
regions  been  covered  exclusively  with  wat«r, 
the  trade  winds  would  have  been  the  same 
all  around  tbe  globe.  Such,  however,  is  not 
the  case;  in  Southern  Asia  large  tracts  of 
land  stretch  into  the  tropics,  giving  rise  to 
the  extensive  atmospheric  disturbances  for 
which  those  parts  of  the  earth  are  so  remark- 
able. Buring  the  summer,  when  the  sun  is 
north  of  the  equator,  the  sooth  of  Asia  and 
the  north  of  Africa  become  heated  to  a  much 
greater  degree  than  the  Indian  Ocean,  which 


direction  is  imparted  to  it,  thus  creating  tbe 
northeast  monsoon.  Since  this  direction  is 
tbe  same  as  tbe  ordinary  trade  wind,  it 
simply  tends  to  increase  the  velocity  of  tbe 
latter.  As  a  consequenoe,  we  find  tbat,  while 
the  southeast  trade  winds  prevail  thronghont 
tbe  year  on  tbe  south  side  of  the  equator, 
owing  to  the  absence  of  large  tracts  of  land 
in  those  r^ons  of  the  earth,  tbe  north  side 
of  the  equator  is  visited  in  cummer  by  tbe 
southwest  monsoon  and  in  tbe  winter  by 
the  northeast  monsoon.  About  the  month 
of  April  the  northeast  monsoon  changes  into 
the  southwest,  and  about  October  the  south- 
west changes  into  the  northeast  These 
changes  are  always  marked  by  variable 
winds,  which  alternate  between  dead  calms 
and  furious  hurricanes. 

Among  variable  winds,  those  i^evailing  on 
the  deserts  of  Africa  and  Arabia  are  pwhaps 
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the  most  remarkable,  on  account  of  their 
extreme  dryness  and  intense  beat.  In 
Arabia  and  Western  Asia  this  wind  is  known 
as  the  Hmoomy  signifying  ''hot,  poisonous, 
or  dangerous/'  while  in  Egypt  it  is  caUed 
khamain,  meaning  ''fifty/'  because  it  lasts 
that  number  of  days,  fh>m  the  end  of  April 
to  the  time  of  the  inundation  of  the  Nile. 
In  Sicily,  South  Italy,  and  adjoining  districts, 
it  is  called  the  sirocco,  and  by  the  inhabi- 
tants is  considered  poisonous.  However 
this  may  be,  it  certainly  exercises  an  un- 
healthy influence  on  the  regions  through 
which  it  passes,  and  is  especially  dangerous 
to  those  that  do  not  know  how  to  protect 
themselves. 

On  the  approach  of  a  simoom  a  peculiar 
haze  obscures  the  sky,  and  a  black  spot  is 
seen  to  rise  in  the  horizon,  which  rapidly 
grows  larger  and  larger.  As  soon  as  the  first 
gust  of  wind  arrives,  birds  and  other  animals 
seem  greatly  alarmed,  and  fly  off  affrighted 
to  seek  shelter  wherever  it  can  be  had.  The 
Arab  usually  throws  himself  on  the  ground, 
after  having  covered  his  face  to  protect  it 
from  the  flying  sand,  and  lies  face  downward 
until  the  fhry  of  the  storm  is  over.  To  cara- 
vans crossing  the  deserts  the  simoom  is 
the  most  dangerous  thing  that  can  be  en- 
countered, and  the  destruction  of  thousands 
of  human  lives  is  said  to  be  due  to  this  wind. 
In  1805  a  simoom  buried  in  the  sand  a  whole 
caravan,  causing  the  death  of  2,000  men  and 
1,800  camels.  Fig.  1  represents  a  photograph 
taken  near  Gape  Spartivento,  South  Italy, 
showing  the  general  appearance  of  the  sky 
preceding  the  approach  of  a  sirocco. 

Another  wind,  remarkable  for  its  dryness, 
is  the  puna,  a  mountain  wind  that  blows  in 
a  r^on  of  Peru  between  the  two  great  chains 
of  the  Andes.  This  wind  is  a  continuation 
of  the  trade  wind,  which,  after  having 
crossed  the  lofty  range  of  the  Cordilleras,  is 
cooled  and  parched  to  an  extent  that  has 
perhaps  no  parallel  in  any  other  country  of 
the  world.  Its  drying  qualities  are  so  exces- 
sive that  the  bodies  of  dead  animals  exposed 
to  it  are  very  soon  turned  into  mummies. 
According  to  Preecott,  it  was  in  this  district 
that  the  ancient  inhabitants  of  Peru  pre- 
served their  dead. 

A  sister  wind  of  the  puna  is  the  pampero, 
which  blows  from  the  Andes  across  the 
pampas  of  the  Argentine  Republic  towards 
the  Atlantic  coast.  This  is  also  a  very  dry 
wind,  frequently  darkening  the  sky  with 
clouds  of  dust  and  sand,  and  drying  up  the 
vegetation  of  the  pampas  to  a  considerable 
extent.    It  often  carries  dust  and  insects 


hundreds  of  miles  out  to  sea.  On  one 
occasion  the  writer  picked  up  several  grass- 
hoppers on  the  deck  of  a  nnall  vessel,  at  a 
distance  of  more  than  150  miles  from  the 
Argentine  coast;  they  had  been  carried  out 
by  a  pampero,  but  their  long  seaward  trip 
did  not  seem  to  have  produced  any  ill  effects. 
In  Fig.  2  is  shown  a  reproduction  of  a  photo- 
graph taken  at  San  Pedro,  Province  of 
Santa  F^,  Argentine,  about  ten  minutes 
before  the  arrival  of  a  pampero.  After  it 
had  passed,  the  trees  and  bushes  shown  in 
the  picture  were  uprooted  and  carried  several 
miles  away  from  the  scene. 

On  the  south  coast  of  Europe,  north  winds 
are  notorious  for  their  violence.  They  are 
caused  by  the  great  difference  between  the 
temperature  of  the  Alps,  the  Meditaranean 
Sea,  and  Africa.  Of  these  winds  the  most 
noted  is  the  bora,  which  means  "furious 
tempest"  The  bora  is  greatly  dreaded  in 
the  upper  part  of  the  Gulf  of  Venice,  where 
it  rushes  down  from  the  whole  line  of  the 
Julian  Alps  with  such  irresistible  fury  and 
suddenness  that  not  only  a  number  of  vessds 
are  sacrificed  but  entire  districts  of  the  shore 
are  rendered  nearly  uninhabitable  by  the 
destructive  effects  of  this  wind  on  the  vege- 
tation. No  sign  or  warning  of  any  kind  is 
given  of  the  approach  of  the  bora,  which 
usually  takes  place  a  couple  of  hours  after 
sunset.  The  only  thing  indicating  its  near 
presence  is  a  big  drop  of  the  atmospheric 
pressure  about  a  quarter  of  an  hour  before 
the  storm  comes. 

Last  but  not  least  are  the  West  Indian 
cyclones  that  sometimes  ravage  our  shores 
and  do  great  damage  to  shipping  along  the 
coast.  Their  origin  is  generally  traced  to  the 
inner  limit  of  the  zone  of  trade  winds,  or  to 
the  regions  of  doldrums,  where  the  heated 
air  rises  and  becomes  disseminated  in  the 
upper  strata  of  the  atmosphere,  and  in  a 
direction  contrary  to  that  of  the  trade  winds. 
Their  rotary  motion  is  probably  due  to  the 
encounter  of  two  currents  of  air  moving  in 
opposite  directions. 

The  most  terrible  cyclone  of  modem  times 
is  probably  that  which  occurred  on  August 
8th  of  this  year,  in  and  around  the  island  of 
Puerto  Rico.  This  cyclone  seems  to  have 
embodied  all  the  horrible  features  that 
attend  a  phenomenon  of  this  kind.  Its 
greatest  velocity  occurred  shortly  after  noon 
on  that  day,  when  records  were  made  that 
prove  this  cyclone  to  have  been  the  most 
severe  within  the  past  seventy-five  years. 
It  practically  ruined  the  whole  island  of 
Puerto  Rico,  fiooding  the  towns,  blowing 
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down  trees  and  hoosea,  and  burring  huD- 
dreda  of  persons  beneath  the  ruins,  while 
tboosandB  of  fiunilies  were  made  destitute 
Mid  homelesB. 

Wind,  though  dangerous  at  times,  is,  bow- 
ever,  a  bleningto  the  world.  Without  it  the 
atmoephere  would  remain  motionleea — a 
receptacle  for  all  kinds  of  poisonous  and 


deleteriooB  matter.  By  its  agency  and  u 
ceasing  effort  towards  an  equilibrium,  an 
immense  circulation  is  estabiished  that 
sweeps  away  unhealthy  exhalations,  sobsti- 
tating  for  heat  a  refreehing  coolness,  and 
replacing  cold  by  the  warmth  of  spring. 
Befiidee  this,  its  aid  to  commerce  and  naviga- 
tion is  iovaluabte. 
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:  Ektasib  op  a  Shaft. 


IN    PROPORTIONING    the    Greek    and 
Roman  orders,  a  uniform  standard  of 
measurement  was  adopted,  so  that  the 
several  parts  of  the  order  might  be  arranged 


base,  and  each  module  is  divided  into  30 
equal   parts.    Each  diameter,  therefore,   is 
equal  to  2  modules,  or  60  parte. 
In  Fig.  1  is  shown  a  diagnun  of  the  Greek 


sci£f^ci  AMD  i/tgusTHr. 


in  perfect  ratio.  This  standard  consists  of  orders,  after  measured  drawings  by  acknowl- 
motfufef  and  foitit.  A  module  is  the  semi-  edged  aothoritiee,  and  drawn  to  a  uniform 
diameter  of  the  column,  measured  at  the      altitude.    A  is  an  example  of  pure  Doric, 
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from  the  Portico  of  the  Parthenon,  at 
Athena.  B  is  the  Ionic,  snd  ie  taken  from 
the  North  Porch  of  the  Erechtheum,  while  C 
ie  the  Corinthiiin,  after  the  monament  of  Ly- 
ricratea.  Id  each  example  a  is  the  etyiobate, 
or  base;  b  is  thecolamn;  and  c  la  the  entabU- 
tare.  The  colmnn  of  the  Doric  conaiBts  of 
a  ahall  and  capital,  the  shaft  reeting  directly 
on  the  Btylobate,  while  tbe  cotomns  of  the 
Ionic  and  CoriDtbian  have  a  base,  ihaft,  and 
capital.    The  entablatnre  of  each  order  has 


The  Doric  was  largely  osed  by  the  Greeke, 
their  moat  important  buildings  btaag  erected 
in  tbig  order.  The  proportiona  vary  largdy 
in  tbe  different  examptea,  proceeding  from 
extreme  aturdinees  in  the  early  examples  to 
the  great  refinement  of  the  Parthenon,  from 
which  tbe  figures  of  the  table  wa«  taken. 
Tbe  architrave  overhanga  tbe  ttce  of  tbe 
shafl,  which  ia  always  Sated.  The  Ionic 
order  was  need  with  much  delicacy  by  tbe 
Greeks.    The  distinctive  capital  baa  scrolla 


three  divisions — the  architrave,  frieze,  and 
cornice. 

A  companttive  statement  of  the  relative 
values  of  the  divisions  of  each  of  the  Greek 
orders  is  pven  in  Table  I,  and  ia  based  on 
tbe  module,  or  semidiameter,  aa  tbe  unit  of 
measurement;  as  previously  explained,  a 
part  ia  ^  of  thia  unit 

From  Table  I  the  ratio  of  the  entablatnre 
to  the  column  for  the  Doric,  Ionic,  and 
Corinthian  orders  is  .328,  .262,  and  .242, 
respectively . 


abowing  on  two  sides  only,  although  exam- 
plee  of  comer  scrolls,  adopted  by  the 
Romans,  are  also  found.  The  Corinthian 
order  was  little  used  by  the  Greeks,  but  the 
few  examples  of  this  style,  and  espedally 
tbe  one  here  ahown,  are  unaurpaaaed  fw 
el^iance  and  beauty. 

The  Romana  adopted  tbe  colnmn-and-beam 
system  of  the  Greeks,  and  joined  to  it  the 
arch  and  wuUt.  The  union  of  the  two  ele- 
ments of  orcA  and  beam  is  the  keynote  of  the 
Roman  styla    In  tbia  etyle  tbe  orders  were 
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used  more  for  decoration  than  for  conetmc- 

lion,  and  were  taperpoted,  or  set  one  upon 

the  other,  dividing  tlie  buildings  iatoatoriee. 

The  five  Roman  orders  are  shown  in  Fig.  2. 
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A  is  the  TuBCan;  B,  the  Doric;  C,  the  Ionic; 
D,  the  Corinthian;  and  E,  the  Composite. 
In  each  of  these,  a',  b',  and  (/  represent  the 
pedestal,  column,  and  entablature,  respect- 
ively. For  comptrison,  the  relative  values 
of  tiie  lower  diameters  of  the  ahafte,  when 
the  orders  are  profiled  to  a  uniform  total 
h^htof  31  ft.6in.,aregiveninTahleII. 


TABLE  11. 

WUAIMfformAU 
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Table  III  gives  the  relative  meaaurementa, 
with  respect  to  the  module,  or  semidiameter 
of  the  shaft,  for  proportioning  the  Roman 
orders,  and  is  valuable  for  consultation  when 
preparing  preliminary  deBigna,  the  reference 
lettora  being  thorn  shown  in  Fig.  2. 


In  connection  with  the  Roman  orders  it  is 
well  to  keep  in  mind  that  the  pedestal  is 
one-third,  and  the  entablature  one-fonrth, 
the  height  of  the  column  in  all  coses. 

To  find  the  semidiameter  of  the  column  in 
any  order,  divide  the  height  to  be  occupied 
by  the  number  of  modules  in  the  given  otijer. 
Thus,  if  the  given  height  is  23  ft  9  Id.  and 
the  order  b  the  Ionic,  ivilk  the  pedestal,  the 
semidiameter,  or  module,  will  be  23  ft.  9  in. 
->-  28)  ^  10  in. ;  if  wUhoiU  the  pedestal,  the 
module  will  be  23  ft.  9  in.  -i-  22i  =  12i  in. 
The  lower  one-third  of  the  columns  is  cylin- 
drical, the  upper  two-thirds  being  diminished 
by  a  conchoidal  curve  called  the  enlatit,  the 
reduction  of  the  shaft  at  the  neck  in  all  cases 
being  one-sixth  of  the  lower  diameter. 

In  terms  of  the  lower 
diameter,  the  Tuscan, 
Doric,  Ionic,  Corinthian, 
and  Composite  columns 
are,  respectively,  7,  8, 
9,  10,  and  10  diameters 
h^;h. 

The  Tuscan  order  is 
a  Amplification  of  the 
Doric.  The  proportions 
of  the  Doric  are  less 
sturdy  than  those  of  the  --_-_-  -  -  —  ,  ^ 
Greek  prototype,  and  the      '1;  ~l    •» 

shaft  is  often  left  un- 
flutod.  The  Ionic  order 
is   more  enriched  than 

the  Greek,  and  the  capi-    j,  -1 ^ —  hi 

tat    is    generally    made  ' 

uniform  on  all  aides  by 
placing  the  volutes  angle- 
wise.  The  Corinthian 
order  was  the  favorite 
of  the  Romans,  and  waa 
used  in  the  largest 
temples.  The  Composite  order  waa  invented 
by  the  Romans.  The  capital,  its  distinctive 
feature,  is  a  combination  of  the  Ionic  and 
Corinthian. 

The  ahafta  of  classic  columns  have  a  curved 
outline  called  the  entatit.  In  the  Roman 
orders  the  lower  third  ia  straight  and  ver- 
tical, and  the  upper  two-thirds  is  curved. 
The  shaft  of  the  column  is  diminished  one- 
sixth  of  its  diameter  at  the  neck.  Fig.  3, 
representing  the  curved  portion  of  the  ahaA 
of  an  Ionic  column,  shows  a  method  for 
profiling  the  column.  Draw  the  center  line 
a'f  and  the  base  line  ni'b';  also,  the  upper 
line  f  a',  representing  the  neck  of  the  shaft, 
at  a  distance  of  11  modules  above  m'l/, 
making  its  length  equal  to  the  semidiameter 
of  shaft  on  that  line,  which    is   26  parts. 


^__/l. 
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With  b^  OB  &  center,  and  a  radios  of 
1  module,  describe  the  arc  m^v/;  through 
k^  draw  a  line  parallel  to  a^  b\  intersecting 
the  arc  at  V.  Divide  the  arc  m^V  into  11 
equal  parts,  as  shown  at  i,  f ,  3,  etc. ;  also, 
divide  a^y  into  11  equal  parts  and  draw 
horizontal  lines  ijw/,  ;?,t/,  etc.  From  point  1 
on  the  arc,  draw  a  line  parallel  to  a^6^;  its 
intersection  with  the  line  li  v/  will  give  one 
of  the  required   points.     From  f  draw  a 


rant  into  5  equal  spaces  of  18°  each  by 
means  of  the  protractor;  from  these  points, 
which  will  be  the  centers  of  the  flutes,  with 
a  radius  equal  to  |  of  the  length  of  arc 
between  the  centers  of  the  flutes,  describe 
the  semicircles  defining  the  flutes.  Project 
the  lines  of  the  fillets  between  the  flutes  to 
their  position  on  the  horizontal  lines  iK  a^, 
etc.  by  drawing  lines  parallel  to  the  center 
line  a^b^f  and   through    the   three  points 
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similar  line  to  f  i,  etc.  All  the  points  being 
marked,  draw  a  curve  through  them  by 
means  of  a  spline,  or  flexible  strip. 

To  draw  the  lines  of  the  fluting  of  the 
upper  portion  of  the  shaft,  proceed  as  fol- 
lows: From  points  a\  n\  and  o^  in  Fig.  3, 
with  radii  equal  to  the  semidiameter  of  the 
shaft  at  the  section  on  which  these  points 
are  located,  describe  quadrants.  As  the 
Ionic  shaft  has  20  flutes,  divide  each  quad- 


established  for  the  edge  of  each  flute  draw 
a  curved  line  by  means  of  a  spline. 

The  outlines  of  the  Greek  moldings  follow 
the  curves  of  the  conic  sections — ^the  para- 
bola, hyperbola,  and  the  eUipee — and  but 
rarely  the  circle.  The  Roman  moldings  are 
nearly  always  formed  of  circular  arcs,  and  for 
this  reason  lack  the  delicacy  and  refinement 
that  characterize  the  details  of  the  Grecian 
monuments. 


A  POETIC  PROTEST. 


THE  British  literary  purists  object  very 
strenuously  to  the  use  of  the  word 
''  reliable.  *'  The  objection  is  based  on 
the  fact  that  ''rely"  cannot  stand  alone 
without  the  preposition  "on,"  which  is 
needed  to  complete  the  sense.  Dr.  R.  Farrar 
publishes  in  ''The  British  Medical  Journal" 
the  following  protest  against  the  growing 
use  of  this  word: 

"I  quite  admit— my   worthy   friend— the   English 

language  pliable, 
A  very  useful  tendency,  the  fact  is  undeniable; 
But  no  convenience  can  excuse  that  odious  word 

•reliable.' 
I  fear  the  foul  abortion  shows  signs  of  being  viable. 
Yet,  ere  we  grant  the  creature  life,  let's  think  to 

what  we're  liable. 


A  thrilling  'shilling  shocker'  will  be  advertised  as 
cryable, 

And  a  gentle  maiden's  sorrows  be  versified  as  sigh- 
able, 

If  we  weakly  grant  admittance  to  that  hybrid  word 
•reliable.' 

A  monster  whose  existence  Is  quite  unjustifiable. 

A  purchasable  picture  will  be  catal<^rued  as  buyable, 

A  marriage  knot  be  registered  a  ligature  unliable, 

A  legitimate  experiment  be  spoken  of  as  tryable; 

Historians  will  praise  immortal  glory  as  undiable. 

The  poultry-monger's  pigeons  be  ticketed  as  pieable. 

An  oath  at  which  we  say  'Oh  fie ! '  be  called  hence- 
forth Oh  flable; 

E'en  now  the  Cockney  terms'  a  trip  to  'Ampstead 
'Eath  enjy^ble. 

Now  let  us  all  with  one  consent  consign  it  to  the 
Diable! 

And  when  we  mean  'trustworthy'  may  we  never 
say  '  reliable.' " 
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Chas.  J.  Mason. 

Sblf-Examination — License  Laws — ^The  Meaning  of  the  Name  Engineer — Something 

About  Steam.   « 


ANY  person  that  has  been  employed  in 
a  machine  shop,  at  the  construction 
and  erection  of  steam  machinery,  or 
engaged  in  or  about  a  steam  plant  of  any 
kind,  and  thinks  he  can  safely  assume  the 
duties  of  an  engineer,  should  examine  him- 
self to  see  if  he  really  is  capable,  and  has 
sufficient  knowledge — of  the  right  kind — 
before  assuming  such  a  position.  In  some 
of  the  states  there  already  exists  a  law 
governing  the  licensing  of  engineers  to 
operate  and  take  charge  of  steam  boilers. 
An  applicant  must  present  himself  before  a 
duly  appointed  inspector  or  examiner,  and 
take  an  examination  as  to  his  qualifications 
to  act  as  an  engineer.  Should  he  fail  to  pass, 
and  still  accept  the  position  offered  him, 
he  is  liable  to  be  severely  punished. 

There  are  some  states  in  the  Union  that 
have  no  license  law,  and  an  employer  can 
engage  almost  any  person  he  cares  to.  Of 
course,  a  man  engaged  in  that  way  may  or 
may  not  be  competent.  But,  in  many  cases, 
any  person  that  claims  to  be  an  engineer 
and  can  show  that  he  has  worked  in  such 
and  such  a  plant  is  engaged,  and  in  time  is 
found  to  be  incompetent.  A  man  may  take 
charge  of  a  plant  that  is  in  fair  shape,  and 
by  simply  not  touching  anything,  except  the 
starting  bar  and  throttle  valve,  may  con- 
tinue in  that  position  for  quite  a  time;  when 
a  breakdown  occurs  (which  possibly  could 
have  been  prevented  had  an  engineer  been 
in  charge)  he  knows  not  what  to  do,  nor 
can  he  give  directions  to  those  that  may  be 
about  him.  Such  a  man,  whom  I  call  an 
**  engine  driver,"  will  refer  you  to  his  "  time 
of  service";  he  will  tell  you  "nothing  ever 
happened  like  that  before,"  and  give  such 
like  explanation. 

Now,  whether  in  a  place  subject  to  license 
laws  or  not,  it  should  make  no  difference  to 
a  man  that  wishes  to  hold  an  engineer's 
position;  he  should  qualify  himself  for  that 
position  by  experience  and  study.  Simply 
by  '* putting  in"  so  many  hours  a  day  doing 
a  certain  kind  of  work  in  a  plant,  and  then 
going  home  to  forget  all  about  it  till  the 
next  day,  will  not  aid  him  very  much. 
Steam  engineering  is  not  like  a  trade  in 
which  a  boy  is  placed  for  a  number  of  years. 


doing  certain  things  every  day,  according 
to  instruction  given  him  by  a  foreman,  or 
leading  man,  and  where  he  need  not  bother  . 
his  head  after  he  leaves  the  shop.  On  the 
contrary,  one  must  bother  his  head  about 
things  that  he  will  not  learn  in  a  machine 
shop  or  engine  room,  if  he  wishes  to  be  even 
an  ''ordinary"  steam  engineer.  In  short, 
there  is  a  great  difference  between  an  engine 
driver  and  an  engineer;  the  engine  driver 
may  become  an  engineer,  if  he  wants  to,  by 
learning  the  ins  and  outs  of  his  business,  but 
he  cannot  become  one  by  merely  being  con- 
tented with  starting  and  stopping  his  engine, 
and  performing  a  few  other  routine  duties. 

While  it  would  be  of  little  use  to  give  a 
student  a  list  of  questions  and  answers  to 
learn  by  rote,  as  a  schoolboy  would  learn  a 
'*  piece,"  yet,  by  actually  studying  the  things 
suggested  by  such  questions,  much  knowl- 
edge may  be  acquired.  The  mere  fact  of 
having  learned  by  heart  the  answers  to  cer- 
tain set  questions  is  of  no  permanent  benefit, 
not  even  if  such  a  person  actually  managed 
to  pass  the  examination  given  him,  for  he 
may  have  to  go  through  another  at  some 
future  time,  and  get  an  entirely  different  set 
of  questions.  If  he  had  studied  the  princi- 
ples and  the  elements  of  the  questions,  he 
would  be  able  to  give  a  satisfactory  answer, 
no  matter  in  what  form  the  question  would 
be  given. 

The  object  of  this  article  is  to  give  ques- 
tions and  answers,  such  as  would  be  asked 
at  an  examination,  and  to  explain  as  much 
as  possible  of  the  different  subjects  intro- 
duced. Of  course,  it  is  not  the  intention  to 
give  a  deep  and  exhaustive  explanation  of 
all,  but  we  hope  to  give  sufficient  information 
to  make  you  desirous  of  seeking  further. 

It  must  be  borne  in  mind  that  no  amount 
of  mere  reading  of  anything  is  of  great 
value.  You  must  read,  and  think  over 
what  has  been  read,  again  and  again — ^tum 
and  twist  it,  mentally,  into  every  conceiv- 
able shape  and  form.  Argue  with  yourself 
about  it,  make  diagrams  of  it  for  yourself, 
and  try  to  find  out  all  there  is  in  it.  You 
will  be  surprised  at  the  task  before  you. 
Many  times  you  will  be  obliged  to  stop  at 
some  point  in  a  problem,  owing  to  your 
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ideas  becoming  confused;  well,  stop,  drop  it 
for  a  time,  but  go  at  it  again.  Each  time 
you  resume  it  becomes  easier — clearer.  Of 
course,  all  this  is  hard  work,  and  while  there 
are  ways  and  means  whereby  hard  work  is 
made  easier,  yet  for  all  this,  even  the  easy 
ways  must  be  worked  at  diligently  and  hard 
if  success  is  desired. 

Engineering  is  not  an  easy  profession. 
Those  who  have  entered  it  with  that  idea 
have  made  a  mistake,  which  will  be  brought 
home  to  them  day  by  day.  They  see  others 
go  by  them  to  better  positions,  and  wonder 
how  it  can  be.  They  blame  everybody 
concerned— except  themselves.  In  many 
cases  men  fiedl  simply  because  they  will  not 
take  the  trouble  to  fit  themselves  for  better 
places.  If  such  places  could  be  obtained 
easily  then  they  would  be  sought  for  eagerly. 
Therefore,  readers,  do  not  be  content  with 
holding  a  position  where  you  have  to  fire 
a  boiler,  and  see  that  a  certain  quantity  of 
water  is  kept  in  it,  or  start  and  stop  an 
engine  every  day,  and  keep  it  oiled,  and 
occasionally  adjust  the  different  parts.  All 
this  is  very  essential,  and  requires  to  be 
done  right  and  well;  but  it  is  only  a  part 
of  what  you  should  know  and  do.  You 
should  not  only  know  how  to  do  these  and 
other  things,  but  you  should  inquire  why 
they  are  done,  what  would  be  the  result  if 
they  were  not  done,  and  how  soon  such 
results  would  appear. 

Such  thoughts  as  these  should  constantly 
occupy  your  mind.  One  thought  will  sug- 
gest another  and  another  in  turn,  and  yon 
will  find  in  time  that,  when  you  become 
fully  aware  of  the  mighty  and  dangerous 
forces  over  which  you  have  control,  you  will 
be  obliged  to  ''take  your  thoughts  home 
with  you,"  in  order  to  cope  with,  or  prevent, 
any  mishap  that  is  liable  to  attack  the  ma- 
chinery under  your  care.  This  is  what 
makes  an  engineer  of  you  in  reality.  You 
will  be  living,  to  a  great  extent,  in  the 
future.  The  present  condition  of  your  plant 
is  the  result  of  thought  of  some  time  past. 
So  it  is  plain  that  an  engineer  must  be  a 
thinking  man. 

In  presenting  the  following  questions  and 
answers,  the  aim  is  not  to  deluge  the  reader 
with  a  great  number,  such  as  can  be  found 
in  different  books  published,  called  cate- 
chisms, but  rather  a  few,  which  in  turn  will 
suggest  others,  and  thereby  caupe  you  to 
look  them  up  yourselves.  In  studying  from 
a  catechism,  a  person  will  naturally  start  in 
to  commit  to  memory  the  questions  and 
answers  as  given;  should  this  question  be 


given  in  a  different  form,  or  different  words 
be  used,  he  will  be  almost  sure  to  fiEul,  simply 
because  he  had  never  thought  of  the  subject 
in  any  other  way  than  that  given  him.  If 
he  studies  the  elements  and  principles  and 
thoroughly  understands  them,  it  can  hardly 
be  possible  for  him  to  fail,  even  though  he 
has  never  seen  any  set  form  of  questions. 

There  is  another  matter  in  connection  with 
the  subject  of  this  article  that  deserves 
mention,  and  that  is  of  textbooks  that  engi- 
neers have  in  their  possession  and  read  and 
study.  Having  books  is  one  thing,  and 
knowing  how  to  use  than  is  another.  This 
is  an  art  in  itself,  and  requires  to  be  studied. 
If  men  would  learn  just  how  to  study 
books,  before  actually  taking  up  the  specific 
subject,  they  would  save  themselves  a  lot  of 
time  and  trouble.  For  instance,  how  much 
easier  would  it  be  for  the  student  if  he  under- 
stood the  plan  of  the  work  he  is  studying. 
Every  author  has  a  preconceived  plan 
upon  which  his  work  is  based  and  con- 
structed, and  in  order  that  the  greatest 
benefit  may  be  derived  from  the  study  of 
such  work,  it  is  essential  that  the  plan  be 
known  to  the  student,  so  that  he  can  follow 
the  ideas  of  the  writer,  as  the  writer  intended 
they  should  be  understood.  How  many 
engineers  read  the ''  preface  "  to  their  books? 
Again,  how  many  know  the  number  of  parts 
their  books  are  divided  into,  and  wh«^  to 
find  a  certain  subject  upon  which  they  may 
want  information?  As  an  example,  it  is 
required  to  make  a  calculation  in  which  the 
''Table  of  Properties  of  Saturated  Steam"  is 
to  be  used.  Where  is  this  table  to  be  found? 
You  think  you  have  come  across  it  some- 
where, but  just  when  you  want  it  you  don't 
know  where  to  find  it,  without  taking  down 
a  lot  of  books  and  hunting  through  each 
until  found;  and  when  the  table  is  found, 
can  you  use  it?  Do  you  know  how  to  apply 
the  figures  in  the  different  columns  in  the 
table?  So  you  see  that,  although  you  may 
have  all  the  books  desirable,  you  may  not 
know  the  plan  of  any  nor  how  to  use  them. 
It  would  appear  from  the  foregoing  that 
there  is  much  to  think  of  and  to  learn,  not 
necessarily  by  heart,  but  by  observation  and 
thought.  It  is  not  necessary  to  learn  the 
steam  table,  just  mentioned,  by  heart — no  one 
is  expected  to  do  so,  but  he  is  expected  to 
know  where  it  can  be  found,  and  how  to  use 
it — and,  by  frequently  or  occasionally  using 
the  table,  he  wiU,  without  making  any 
attempt  to  learn  by  heart,  actually  know 
it  better  than  if  he  had  committed  it  to 
memory. 
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One  of  the  first  questions  an  engineer 
would  be  asked  is,  ''What  is  steam?''  A 
simple  answer  to  which  is/'  It  is  an  invisible 
elastic  fluid,  generated  from  water,  by  the 
application  of  heat"  Here,  reader,  is  ma- 
terial for  study  and  food  for  thought.  The 
subject  of  steam  alone  would  occupy  many 
pages;  consequently,  we  can  only  make  a 
few  remarks  and  offer  a  few  suggestions. 
Now,  let  us  look  into  the  answer  of  the 
question  just  given,  "It  is  an  invisible 
elastic  fluid,  generated  from  water,  by  the 
application  of  heat."  Many  applicants 
would  be  satisfied  with  barely  learning  this 
answer.  Suppose  the  examiner  should  next 
ask,  "  How  do  you  know  it  is  an  invisible 
fluid?"  This  may  be  a  poser  for  you,  as 
you  never  thought  of  that;  the  book  you 
learned  from  didn't  have  that  question  in  it, 
and  so  the  only  answer  you  can  make  is  that 
"the  book  says  so."  Should  this  question 
be  asked  of  a  man  that  had  never  studied, 
and  had  not  thought  out  any  problems  for 
himself,  he  would  probably  make  answer, 
"I  know  steam  is  visible,  for  I  have  often 
seen  it  coming  out  of  the  exhaust  pipe!" 
Well,  we  usually  do  call  that  which  comes 
from  an  exhaust  pipe,  and  also  that  which 
leaks  from  our  glands  about  the  engine, 
steam,  but,  technically  speaking,  it  is  not 
steam,  but  vapor. 

Referring  to  the  Standard  Dictionary  of 
1898,  we  find  the  following :  "  Water  changes 
into  aqueous  vapor  by  surface  evaporation 
at  all  temperatures,  but  the  vapor  is  not 
commonly  called  steam  till  it  is  produced  in 
the  body  of  the  liquid  by  ebullition.  The 
temperature  at  which  this  takes  place 
increases  with  the  pressure;  at  ordinary 
atmospheric  pressure  it  is  212°  Fahrenheit." 

Just  think  a  moment  and  try  to  find  a 
way  by  which  you  can  tell  that  eteam  is 
invisible.  Sometimes  the  simplest  things 
are  not  taken  notice  of  on  account  of  their 
simplicity.  We  are  very  apt  to  slight  ele- 
mentary truths  in  our  anxiety  to  go  into  a 
subject  deeper,  either  forgetting  or  not  know- 
ing what  trouble  and  perplexities  such  a 
course  is  sure  to  bring.  We  once  knew  of  a 
skilled  boilermaker  who  held  a  foreman's 
position  in  the  works  in  which  he  was 
employed,  and,  like  all  good  conscientious 
mechanics,  felt  the  lack  of  a  technical  edu- 
cation. He  enrolled  in  a  mechanical-draw- 
ing class,  and,  of  course,  the  instructor  began 
with  him  as  he  would  with  a  schoolboy. 
The  first  night  he  was  given  straight  lines  to 
draw,  simply  using  a  pencil  and  triangle.  At 
first  he  looked  amused,  and  then  disgusted. 


and  finally  he  called  the  instructor  over  to 
him,  and  told  him  that  he  did  not  want 
to  spend  his  time  "ruling"  lines  like  a  boy 
at  school.  The  instructor  tried  to  assure 
him  that  it  was  absolutely  necessary  that  he 
should  start  at  the  beginning,  and  smilingly 
told  him  that  even  now  he  could  not  draw 
what  a  draftsman  calls  a  straight  line,  and 
called  his  attention  to  the  imperfections  of 
those  he  had  tried  to  draw.  This  man 
expected  that  he  could  be  taught  to  draw 
the  different  parts  of  a  boiler,  without  even 
having  a  knowledge  of  the  use  of  the  differ- 
ent instruments  employed  !  The  first  lessons 
in  geometrical  drawing  were  too  simple  for 
a  man  of  his  meohanical  knowledge!  He 
never  came  to  the  class  again. 

To  return  to  the  question  of  steam  being 
invisible:  did  it  ever  occur  to  you  to  look  at 
your  boiler-gauge  glass  and  think  of  what 
you  saw  there  other  than  water?  What 
do  you  see  in  the  space  above  the  water- 
line?  Why,  nothing  at  all.  Is  there,  then, 
nothing  in  that  part  of  the  glass?  Yes,  there 
is  steam,  if  your  gauge  is  in  working  order, 
as  we  now  assume  it  to  be,  and  yet  it  cannot 
be  seen.  There  is  no  doubt  that  many  read- 
ing this  will  be  inclined  to  smile  at  the  sim- 
plicity of  the  last  few  remarks,  but  it  is 
nevertheless  true  that  there  are  many  men 
in  charge  of  steam  plants  that  do  not  think 
deeply  enough  to  draw  conclusions  from 
things  they  see  around  them  day  after  day. 
It  brings  to  mind  the  old  saying,  in  which 
there  is  great  meaning,  "Eyes  and  no  eyes, 
or  the  art  of  seeing,"  and  there  are  many 
such  people,  who,  though  their  eyes  look 
at  different  objects,  see  nothing. 

There  is  another  thought  suggested  by  the 
answer  to  the  question  under  consideration, 
that  of  the  steam  being  an  elastic  fluid. 
Aside  from  perhaps  seeing  this  answer  given 
in  textbooks,  how  do  you  know  it  is  elastic? 
What  leads  you  to  think  it  is  elastic,  apart 
from  the  fact  of  it  being  part  of  the  answer? 
Perhaps  you  have  not  thought  of  this  before, 
and  a  desire  may  now  come  to  you  to  know 
more  about  steam,  and  where  such  knowl- 
edge can  be  obtained.  We  will  note  two 
cases  only,  at  this  time,  in  which  the  elas- 
ticity, or  expansion,  of  steam  is  illustrated. 
First,  there  is  the  expansion  line  of  an  indi- 
cator diagram,  which  shows  the  steam  fol- 
lowing the  piston  after  the  valve  has  been 
closed;  this  clearly  shows  that  the  steam 
does  expand,  or  increases  in  volume,  as  the 
piston  advances.  Of  course,  a  reduction  of 
pressure  is  taking  place  simultaneously  with 
expansion.    It  is  just  this  expansion  that 
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makes  steam  so  valuable  to  as,  and  also  eco- 
nomical. The  second  illustration  is  that  of 
the  steam  table,  before  mentioned.  By  giv- 
ing a  little  study  to  this  table,  much  about 
steam  can  be  learned.  This  table  has  been 
compiled  from  actual  knowledge  of  steam, 
and  also  experiments  with  it;  it  is  authentic, 
and,  for  all  purposes  for  which  it  is  used,  is 
as  correct  as  need  be.  It  can  be  seen,  by 
comparing  the  different  columns  of  this  table 
with  one  another,  that  steam  is  elastic.  It 
is  known  that  1  cubic  inch  of  water,  turned 
into  steam  at  the  atmospheric  pressure,  will 
expand  to  a  volume  of,  approximately,  1 
cubic  foot.  The  foregoing  is  by  no  means  all 
that  can  be  learned  about  the  elastic  prop- 
erties of  steam,  but  space  does  not  permit 
a  fuller  explanation,  and,  indeed,  it  is  not 
the  intention  of  this  article  to  make  one, 
but  rather  to  cause  the  reader  to  follow  out 
the  train  of  thought  suggested. 

In  the  concluding  part  of  the  answer, 
*' generated  from  water  by  the  application  of 
heat,"  how  is  the  heat  applied  to  the  water, 
and,  what  is  heat?  There  is  no  doubt  that 
most  men,  who  are  concerned  with  steam 


boilers,  know  that  the  heat  from  the  glowing 
fire  in  the  furnace  radiates,  and  is  conducted 
through  the  metal  plates  and  tubes  of  the 
boiler  to  the  water  contained  therein;  thus, 
the  heat  is  applied  to  the  water  by  radi- 
ation, conduction,  and  convection — convec- 
tion being  the  means  by  which  circulation 
is  maintained.  But,  what  is  heat?  What 
causes  heat?  What  is  the  rdation  existing 
between  heat  and  the  work  it  performs? 
Here,  then,  is  material  for  study  for  some 
time  to  come;  search  it  out,  reader,  and  fol- 
low it  up;  many  interesting  things  will  be 
presented  to  you  in  the  course  of  your  read- 
ing of  the  subjects  suggested  above. 

We  will  conclude  this  part  by  stating  that 
heat  is  considered  to  be  a  mode  of  motion — 
motion  of  the  particles  of  which  the  body  is 
composed;  these  particles  are  termed  mole- 
cules. Heat  may  be  caused  by  rubbing  two 
pieces  of  ice  together  to  such  an  extent  as  to 
cause  the  ice  to  melt.  Heat  is  a  form  of 
energy,  and  heat  and  mechanical  work  are 
convertible  into  each  other,  and  there  exists 
an  exact  and  invariable  relation  between 
them. 
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IT  IS  the  purpose  of  this  article  to  explain 
the  installation  and  operation  of  an  inter- 
communicating telephone  system  that 
can  be  installed  by  any  man  or  boy  who  is 
able  to  run  electric-bell  wires.  It  is  not 
necessary  that  he  should  understand  the 
inside  connections  of  the  telephones  or  even 
of  the  intercommunicating  switches. 

By  an  intercommunicating  telephone  sys- 
tem is  meant  one  having  three  or  more 
telephones  connected  to  the  same  system  of 
wiring  in  such  a  manner  that  any  telephone 
may  be  used  to  call  up  and  converse  with  a 
person  at  any  other  telephone,  by  the  use  of 
a  simple  switch  at  the  first  station,  and 
without  requiring  any  central  station  switch- 
board whatever.  For  this  purpose  there  are 
two  general  classes  of  telephone  apparatus 
that  may  be  used;  one,  in  which,  a  magneto 
generator,  that  is,  a  small   hand-operated 


dynamo,  is  used  to  ring  the  telephone  beUs; 
the  other,  in  which  a  battery,  located  at 
some  convenient  place,  has  its  circuit  closed 
by  a  push-button  switch  at  the  original  call- 
ing telephone  station,  in  order  to  ring  the 
bell  at  the  desired  station. 

In  the  first  class,  the  ordinary  telephone 
magneto  generators  and  polarised  bells  are 
used,  no  battery  for  signaling  purposes 
being  necessary.  This  system  requires  one 
more  wire  throughout  the  building  in  which 
the  telephones  are  located  than  there  are 
telephones.  For  instance,  if  there  are  nine 
telephones,  ten  lines  are  required.  Where  a 
common  battery  is  used  for  ringing  the  bells, 
a  simple  direct-current  vibrating  bell  is  used 
in  place  of  the  more  expensive  polarized  bell, 
and  no  magneto  generator  is  required  at  aD. 
This  system,  however,  requires  two  more 
wires  throughout  the  building  than  there  are 
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telephones,  thus  using  eleven  wires  for  nine 
stations.  An  intercommunicating  system  is 
quite  practical  and  satisfactory  up  to  ten  or 
even  twenty  stations;  beyond  that  the  large 
number  of  wires  running  through  all  stations 
makes  the  system  quite  complicated  and 
expensive,  especially  when  the  stations  are 
some  distance  apart.  For  a  laige  number 
of  stations  well  scattered  a  simple  central- 
station  switchboard  system  would  be  pref- 
erable. 

The  system  using  the  magneto  genera- 
tor for  calling  up  another  station  will  be 
described  first.  Fig.  1  shows  a  diagram  for 
four  stations,  but  the  system  can,  of  course, 
be  extended  to  include  any  larger  number. 
7\,  r,,  Tg,  T^  are  the  usual  telephone  sets,  as 


contacts,  it  will  be  found  that  the  circuit  of 
each  instrument  is  open  at  its  own  contact 
point  on  every  selective  switch,  and  no  bell 
can  be  rung  by  turning  any  generator  handle. 
If  Station  2  desires  to  call  Station  1,  it  will 
be  necessary  to  first  move  the  switch  arm 
a,  at  Station  2  to  contact  point  1,  If  the 
generator  at  Station  2  is  turned  before  doing 
this,  neither  bell  at  Station  2  nor  any  other 
bell  will  ring,  supposing,  of  course,  that  all 
switch  arms  are  resting  on  their  home  posi- 
tions. This  silence  will  indicate  to  the  per- 
son at  Station  2  that  he  has  not  turned  his 
switch  at  all.  If,  however,  he  first  turns 
his  switch  8^  to  point  i,  and  then  operates 
his  generator,  both  his  bell  and  the  bell  at 
Station  1  will  ring,  but  no  others.    The  path 
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sold  by  the  manufacturers,  complete  with 
transmitter,  induction  coil,  receiver,  hook 
switch,  local  microphone  battery,  magneto 
generator,  and  polarized  bell.  At  each 
station  that  point  of  the  switch  that  cor- 
responds in  number  to  that  particular  sta- 
tion is  not  connected  with  any  other  point 
or  wire,  although  the  connecting  arm  of 
the  switch  normally  rests  upon  it.  That 
is,  9y  should  normally  rest  upon  contact  i, 
«,  upon  contact  2^  and  so  on  at  all  stations. 
This  is  the  normal,  or  home,  position  of  the 
arm,  to  which  it  should  always  be  returned 
when  through  using  the  telephone.  To 
insure  uniformity  at  all  instruments,  the 
home  position  should  be  the  first  one  on  the 
left,  as  shown  at  each  station. 

If  all  the  switches  ^i,  «3,  ^,  and  »^  are  in 
their  normal  positions,  i.  e.,  on  their  home 


of  this  ringing  current  will  be  as  follows: 
From  the  generator  at  Station  2  to  its  bind- 
ing post  x^ ,  to  switch  ^ ,  to  binding  post  1^ , 
line  i,  binding  post  rr^,  bell,  and  binding 
post  X  at  Station  1,  to  the  common  return 
wire,  to  bell  and  generator  at  Station  2.  Thus 
both  these  bells  will  ring;  but  none  of  the 
other  bells  will  ring  because  their  circuits 
are  open.  Similarly,  by  turning  switch  «,  to 
point  S  or  4^  Station  3  or  4  will  be  called  up. 
In  the  same  manner,  a  party  at  any  station 
can,  by  turning  the  switch  there  to  the 
proper  position,  ring  up  any  desired  station. 
Suppose  the  person  at  Station  2  goes  away 
from  his  telephone  without  returning  the 
switch  from  point  1  to  its  home  position; 
let  us  see  what  will  happen.  It  is  quite 
evident  that  Station  1  can  ring  up  Station  2 
without  touching  his  switch,  and  if  he  does 
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move  his  switch  to  point  S  he  will  still  ring 
only  Station  2.  If  Station  1  desires  to  call 
up  Station  3,  and  moves  his  switch  «|  to 
point  S  and  turns  his  generator,  both  tele- 
phones T^  and  7",,  being  in  parallel  with 
each  other,  will  cause  the  current  from  the 
generator  at  Station  1  to  divide  between 
them,  and,  therefore,  in  addition  to  the  bell 
at  the  home  station,  those  at  Stations  2  and 
3  will  also  ring.  If  both  parties  answer, 
some  confusion  may  arise,  but  Station  1  can 
easily  dismiss  the  one  not  wanted  and  con- 
tinue his  conversation  with  Station  3. 

If,  as  before.  Station  2  leaves  his  switch 
arm  «,  on  point  i,  and  Station  4  desires  to 
call  ap  Station  3,  the  only  bells  to  ring,  when 
Station  4  puts  his  switch  »^  on  point  S  and 
turns  his  generator,  will  be  his  own  and  that 
at  Station  3.  This  can  be  determined  by  the 
reader  himself,  by  tracing  oat  the  closed 
circuit.  If  the  number  of  stations  were 
laiger  than  given  in  the  figure,  it  could  be 
shown  that  if  one  switch  is  left  on  some 
point  other  than  its  home  position,  say,  for 
instance,  that  switch  ^  is  on  contact  i,  then 
any  station  other  than  Station  1  or  Station  2 
can  ring  ap  any  desired  station  except  Sta- 
tion 1  or  2  without  calling  ap  any  other. 
But  should  Station  4  attempt  to  call  up 
Station  1  or  2,  the  bells  at  both  Stations  1 
and  2  will  ring. 

If,  while  Station  1  is  ringing  up  Station  2, 
Station  3  can  also  call  up  Station  4  without 
interfering  in  any  way  with  Station  1  and 
Station  2,  it  follows  that  Stations  1  and  2 
can  be  talking  together  at  the  same  time 
that  Station  3  and  Station  4  are  cx)nver8ing. 
So,  on  a  system  having  a  large  number  of 
stations,  all  the  telephones  can  be  in  use  at 
the  same  time  in  sets  of  two.  Of  coarse 
this  will  not  warrant  patting  too  many  sta- 
tions on  one  system,  for  other  reasons. 
Furthermore,  the  telephones  can  never  be 
left  in  a  position  entirely  useless  on  account 
of  the  position  of  the  hand  switch. 

Some  manufactarers  have  a  device  whereby 
hanging  up  the  receivers  cause  the  hook 
switches  to  return  the  selective  switches  Bi  , 
«2)  ^}  and  8^  to  their  home  positions.  This, 
although  not  necessary  by  any  means,  is 
quite  desirable,  if  the  device  is  reliable. 

The  telephones,  switches,  and  the  wires 
running  through  the  bailding  should  be 
connected  exactly  as  shown  in  Fig.  1.  The 
X  binding  posts  at  the  top  of  the  telephones 
are  connected  to  the  common  return  wire, 
and  the  Xi  binding  posts  are  connected  to  the 
pivots  rj,  r,,  r„  and  r^  of  the  switch  arms  «i, 
«2,  «s,  and  «4,  respectively f  and  also  to  their 


own  particular  line  wires.  That  is,  at  Station 
1,  :ri  is  connected  to  line  /;  at  Station  2,  :r,  is 
connected  to  line  S;  and  so  on  at  all  stations. 
The  binding  posts  jPj,  5„  and  ^,  at  Station 
1,  are  connected  to  lines ;?,  5,  and  ^,  respect- 
ively. Similarly,  at  Station  2,  binding  posts 
liy  Sly  and  ii  are  connected  to  lines  7,  5,  and 
4y  respectively.  It  should  be  noted  that  bind- 
ing post  i„  at  Station  1;  binding  post  :?i,  at 
Station  2;  J|,  at  Station  3;  and  ^,  at  Station 
4,  are  not  connected  to  anything. 

The  system  using  a  common  battery  for 
ringing  up  the  telephone  stations  is  shown 
in  Fig.  2.  The  connections  are  very  much 
the  same  as  for  the  magneto-generator  call 
system  shown  in  Fig.  1,  and  the  manner  in 
which  the  system  operates  is  the  same,  except 
that  instead  of  turning  a  generator  handle  a 
push-button  switch  is  pressed  in  order  to 
ring  the  bell  at  another  station.  The  push- 
button switch  is  so  made  that  it  normally 
connects  its  pivot  c,  with  a  contact  point  a^, 
but  when  depressed  it  connects  the  pivot  c, 
with  the  contact  point  6i.  The  common 
battery  for  calling  or  ringing  purposes  la 
connected  at  any  convenient  point  between 
the  common  return  and  the  battery  wires. 
When  the  push  buttons  at  all  stations  are  in 
their  normal  positions  against  the  upper  con- 
tacts, the  common  battery  is  on  open  circuit 
If,  however,  one  push  is  depressed,  say  P„ 
and  the  switch  arm  «,  is  on  point  1,  then  cur- 
rent will  flow  from  the  common  battery  C.  B., 
through  the  battery  wire,  contact  6„  pivot 
Cs,  binding  post  or,  telephone  T,,  binding  poet 
x„  pivot  r,,  arm  «,,  contact  point  i,  binding 
post  i|,  line  i,  and  at  Station  1  through  bind- 
ing post  oTi,  telephone  7\,  binding  post  x, 
pivot  Ci,  contact  a^,  common  battery  wire, 
and,  finally,  back  to  the  common  battery 
C.  B,  Thus,  bells  at  both  Stations  1  and  2 
will  ring  as  long  as  the  push  button  P,  is 
held  down. 

The  telephone  instruments  for  the  common 
battery-call  system  should  cost  at  least  three 
or  four  dollars  less  per  station,  and,  although 
one  extra  common  calling  battery  and  one 
extra  line  will  be  required,  it  is  the  cheaper 
to  install,  and,  if  the  batteries  are  properly 
attended  to,  should  give  very  satisfactory 
service.  The  magneto-generator  and  polar- 
ized-bell  system  will  require  less  attention, 
and  for  that  reason  is  more  desirable.  The 
latter  class  will  cost  for  a  six-station  system 
about  twelve  or  thirteen  dollars  per  station, 
including  a  simple  six-point  switch;  i.  e.,  a 
switch  like  the  one  shown  for  calling  any 
one  of  the  six  stations.  This  does  not,  of 
course,  include  the  cost  of  wire  and  labor  for 
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instaUing.  Additional  points  for  additional 
stations  will  not  cost  over  twenty  cents  per 
point  per  station,  thus  making  each  instru- 
ment for  a  ten-station  system  cost,  at  twenty 
cents  per  point,  eighty  cents  more  than  for 
the  six-station  system.  The  wiring  will  cost 
about  one-half  as  much  more. 

The  telephones  can  be  bought  complete,  so 
that  all  that  is  necessary  is  to  connect  the 
wires  running  throughout  the  building  to 
the  proper  binding  posts  on  the  telephone 
boxes.  If  ordinary  telephones  without  the 
selective  switches  are  used,  and  the  switches 
obtained  separately,  it  should  not  be  difficult, 
with  the  aid  of  the  diagram  and  explana- 
tions given  in  this  article,  to  connect  them 
together  properly.  Where  the  common 
call-battery  system  is  to  be  installed  and 


For  soldering  the  wires,  do  not  use  acid,  but 
resin  or  some  other  non-corrosive  flux. 

The  wire  to  be  used  for  interior  work  had 
better  be  No.  18  B.  &  S.  insulated  copper, 
although  No.  20  might  be  used  if  there  is  no 
danger  of  it  being  injured  mechanically,  for 
it  is  not  strong  and  will  break  rather  easily 
if  nicked.  The  insulation  of  the  so-called 
**  office  wire  *'  is  superior  to  that  of  **  annun- 
ciator" wire,  but  the  latter  is  cheaper  and 
will  do  where  not  exposed  too  much.  If  a 
first-dass  job  is  desirable  and  expense  is  not 
so  important  an  item,  use  No.  16  or  No.  18 
B.  &  S.  damp-proof  office  wire.  For  outdoors, 
where  each  wire  is  to  be  supported  on  a  sepa- 
rate insulator,  use  No.  14  or  16  hard-drawn 
copper  wire.  Unless  the  number  of  stations 
is  small,  the  plan  of  running  so  many  bare 


Common  Fetufn  Wtfe 


£<7fffry  Wtrw 


C"^f  f 


L/n^S. 


l/n03. 


^tiaf/on  /. 


^taftonS. 

Fig.  2. 


<5taf/on3. 


instruments  not  especially  made  for  the 
intercommunicating  system  are  to  be  used, 
an  extra  push  button  as  shown  in  the  dia- 
gram of  this  system  will  be  required  in 
addition  to  the  selective  switch. 

All  the  line  and  common  return  wires 
should  start  at  one  station  and  run  by  the 
shortest  path  to  all  the  other  stations  in 
proper  order.  The  wires  from  the  binding 
posts  at  each  station  should  be  tapped  on, 
that  is,  connected  to  the  main  wires  with- 
out cutting  the  latter  at  all.  The  joints 
between  wires  should  be  soldered  and  cov- 
ered with  insulating  tape,  and  the  free  ends 
of  the  main  wires,  if  any  are  left,  should 
be  carefully  insulated  from  each  other  by 
wrapping  each  one  separately  with  tape. 


conductors,  each  on  a  separate  insulator,  is 
not  very  convenient,  and  a  lead-covered 
cable,  supported  on  one  or  on  several  strong 
steel  telegraph  wires,  should  be  used.  Even 
for  indoor  use,  the  requisite  number  of  wires 
may  be  obtained  made  up  into  a  cable  with 
or  without  a  lead  sheath.  The  cable  will  cost 
more,  but  will  be  very  neat  and  satisfactory 
and  require  less  time  to  install. 

In  supporting  the  lead-covered  cable  care 
should  be  taken  that  there  is  no  pulling  strain 
upon  either  the  lead  sheath  or  the  copper 
conductors.  The  entire  weight  of  the  cable 
should  be  borne  by  the  steel  wire,  from  which 
it  is  suspended  by  means  of  hangers,  or  hooks, 
made  for  that  purpose. 

If  each  wire  in  the  system  has  a  different 
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colored  inmilstioD,  it  will  be  found  to  be  very 
convenient  in  tracing  out  some  particulu* 
wire  from  place  to  place.  Of  conrae,  when 
imUlling  a  large  Dumber  of  telephones,  this 


cannot  always  be  done,  but  the  common 
return  and  battery  wiree  should  at  lenel  be 
different  in  color  from  each  other  and  from 
all  the  others. 


KITCHEN    BOILER  CIRCULATION. 

Tho«.  N.  Thomaon. 

Theory  of  Hot-Watkr   Circulation — Pipb  CoNNEcriona  fob  Boiler    Located    Beside 
Ea (JOB— Circulation  tq  Boiler  in  Babbmbnt^-Danobbs  of  the  Latter  MrrnoD. 
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JHAT  is  understood  by  water  circula- 
tion is  the  motion  of  watra-  through  a 
circoitouB  course  back  to  the  starting 
point.    The  course  may  be  through  «  series 
of  pipes,  or  simply  through  the  interior  of 
an  open  vessel,  a  tea  kettle,  for  instance, 
or  through  the  interior  of  a  closed  vessel, 
such  as  a  kitchen  boiler.    By  gravity  circu- 
lation we  mean  that  the  motive  power,  that 
is,  the  power  that  moves  the  water  and 
causes  it  to  circulate,  is  the  force  of  the 
earth's  attraction,  or  the  force  of  gravity, 
more  commonly   expressed    by   the   term 
weight.    When  a  body  of  water  is  increased 
in   temperature,    it   expands    and,    conse- 
qnently,     oocapjes     more     apace;     when 
decreased  in  temperature,  it  contracts  and 
occupies  less   space.     The 
smaller  the  space  a  given 
weight  of  water  occupies,  the 
greater  is  the  density  of  the 
watec;  and,  the  greater  the 
apace  the  same  weight  of 
water  occupies,  themoretoiu- 
out,  that  is  to  say,  the  less  , 
dense,  will  the  water  become. 
If  the  density  of  a  body  of 
water  is  uniform  throughout, 
there  will  be  no  circulation, 
because   the  weight   of  any 
part  of  the  body  is  equal  to  that  of  an 
equal  volume  of  any  other  part  of  the  same 
body,  and  hence  one  part  cannot  displace 
another.    If,  however,  a  certain  part  of  the 
volume  is  increased   in  temperature,  that 
part  will  expand  (become  lese  dense)  and 
will  flow  upward,  being  displaced  by  the 
denser  water  surrounding  it,  for  the  same 
reason  that  a  cork  or  other  light  body  will 
rise  when  immersed  in  water.     In  any  body 
of    water    having    a    temperature    above 
39.2°  F.,  which  is  the  point  of  maximum 
density  of  water,  the  coldest  particles  will  fall 
to  the  bottom,  and  the  others  will  take  their 
respective  positions   throughout    the  body 


according  to  their  respective  densities,  or 
temperatures,  the  hotteet,  or  the  least  dense, 
being  at  the  top. 

Suppose  that  we  partly  fill  a  kettle  with 
water,  and  apply  heat  to  the  center  of  its 
base  by  a  flame,  what  will  happen?    Heat 
from  the  flame  is  absorbed  by  the  bottom  of 
the  kettle,  and  conducted  through  its  thick- 
ness to  its  inner  surface,  fhtm  which  it  is 
transmitted  to  that  portion  of  water  nearest 
it.    This  portion,  being  increased  in  tempera- 
ture, becomes  lees  dense,  and  will,  conse- 
quently,   rise    toward    the    surface.     The 
water  that  takes  its  place  will  in  turn  become 
heated  and  also  rise.     The  water  at  the  top 
ie  cooled  by  coming  in  contact  with  the  atmos- 
phere.   The  particles  of  water  touching  the 
sides  of  the  kettle   become 
cooled  by  the  transmission  of 
heat  from  them  through  the 
metal    to   the   outer  atmus- 
pliere.    Thus,  it  will  be  un- 
derstood  that  the  particles 
touching  the  sides  will 
descend  more   rapidly  than 
the   particles   at  any    other 
part  of  the  vessel.    The  rising 
of  the  hot  water  and  falling  of 
the  cooler  water  is  called  cir- 
culation.   In  physics,  this 
method  of  heat  transmission  is  termed  con- 
jvciion,  and  in  plumbing  it  is  usually  called 
local  circxtlatUm,  since  the  entire  volume  of 
the  water  is  within  the  same  vessel  and 
undivided. 

Let  us  now  suppose  that  the  water  in  a 
cylinder  has  to  be  heated  by  a  flame  a  few 
feetaway;  bow  can  the  heat  of  the  flame  be 
communicated  to  the  water?  We  know 
that  we  can  form  currents  by  heating  a  part 
of  the  water,  and  that  soch  currents  will 
communicate  heat  by  convection;  conse- 
quently, we  place  a  heater  C  over  the  flame, 
as  shown  in  Fig.  1,  so  that  it  will  be  sub- 
jected to  the  direct  heat  of  the  flre,  and 
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connect  it  by  pipes  D  and  £  to  the  veeeel. 
The  wftter  in  C  receives  he«t  from  the  flame, 
i>  thns  made  more  tenaoua,  and  is  caused  to 
ascend  in  the  flow  pipe  E  and  eater  the  ves- 
sel.  Colder  water  enters  C  through  the  retnm 
pipe  D  to  replace  that  leaving  it  through  E. 
A  continuooB  drcnlation  is  thus  nuuDtsined 
between  the  vessel  and  the  heater  C,  the 
currents   flowing   in   the  direction    of  the 
arrows.    Ttiis  is  the  principle  of  circulation 
between  the  ordinary  kitchen  boiler  and  the 
house  range.     The  velocity  of  drculstion 
depends  on  the  difference  in  the  mean  den- 
sity of  the  flow  aod  the  return  columns, 
their  vertical  heights,  and  the  resistance  to 
the  flow  by  friction, 
obetmctionB,  etc.  The 
greater  the  difference 
in  density  between  the 
column e,   or   the 
greater  their  vertical 
heights,  the  greater 
will  be  the  velodty  of 
circulation,   and  the 
ten  difference  in  the 
density    of  the  col- 
nmns,  or  the  lees  their 
vertical    heights,    the 
lower  will  be  the  veloc- 
ity of  the  circulating 
currents. 

Now  that  we  under- 
stand the  laws  of  cir- 
eolation,  let  us  con- 
sider how  they  are 
applied  to  the  ordi- 
nary kitchen  boiler 
and  its  connections  to 
the  range.  Fig.  2 
shows  a  kitchen  boil«r 
fitted  np  to  receive  hot 
water  from  the  water  ^ 

heater  B,    commonly  Fi, 

called  a  waterback. 
The  boiler  stores  the  hot  water  until  it  is 
drawn  off  at  the  faucets.  This  ntethod 
of  connecting  a  kitchen  boiler  to  the  kitchen 
range,  and  to  the  plumbing  system  is  the 
one  moetcommonly  employed  in  the  United 
States.  The  boiler  is  fed  with  cold  water 
ttoai  the  street  main  by  the  pipe  D.  The 
boiler  being  filled  with  water,  the  fire  is 
started  in  the  range,  and  the  water  in  B, 
which  is  in  direct  contact  with  the  fire,  is 
thus  heated;  but  as  it  is  heated  it  rises  in 
the  pipe  E  the  same  as  it  would  if  it  were 
in  E,  Fig.  1,  and  heat  were  applied  to  C. 
The  heated  water  from  B  enters  the  side  of 
the   boiler   at   F,    and    immediately   rieee 


toward  thetop,  where  it  renuuna'until  drawn 
off  at  a  &ucet  through  the  pipe  (?  or  is 
displaced    by  warmer  water.    The  coldest 
water  is  always  at  the  bottom  of  the  boilw 
and  the  hottest  at  the  top.    For  this  reason, 
the  pipe  Q,  through  which  the  hot  water  is 
drawn,  is  tJways  connected  to  the  top  of  the 
boiler,  and  the  pipe  H,  which  supplies  the 
water  heater  B,  to  the  bottom.    Cold  water 
is  fed  to  the  boiler  through  an  inner  tube  J, 
which  should  reach  down  inride  the  boiler 
to  a  point  about  3  inches  above  the  level  of 
the  water  heater.    The  reason  for  this  is 
that  should  there  ever  be  a  partial  vacuum 
formed  within  D,  such,  for  example,  as  may 
be    caused    by    fire- 
engines   pumping 
water  from   the  dty 
mains,  there    will  he 
no  danger  of  siphon- 
ing the  water  in  the 
boiler  to  a  p<Hnt  below 
the  water  heater.    A 
email  hole  J  in  the  top 
of  the  tube  is  nenally 
made  to  admit  air  to 
D   and  thus  break 
si  phonic  action  before 
the  water-line  in  the 
boiler  f^lls  too  low. 

Fig.  3  shows  part  of 
a  building,  containing 
a  few  plnmbii^  fix- 
tures, house  tank,  and 
range,  fitted  up  in  a 
different  manner.  The 
object  here  is  to  have 
the  hot-water  storage 
tank  a  located  in  the 
basement,  as  shown. 

We  know  that  if  the 
boilerandthcrangeare 
.2.  connected  by  twopipes 

dropping  directly  from 
the  range  to  the  boiler,  circulation  will  not 
take  place  between  these  points,  because 
the  hot  water,  oliedient  to  the  law  of  gravi- 
tation, will  remain  in  the  waterback  and  the 
cold  water  in  the  boiler.  There  will  be  no 
force  present  that  will  raise  the  cold  water 
to  the  waterback,  and  so  displace  the  hot 
water  and  cause  it  to  flow  down  to  the 
boiler.  The  water  would  simply  remain  in 
the  waterback  until  part  of  it  was  converted 
into  stetun,  when,  by  the  enormous  expan- 
sion of  the  water  so  changed  to  the  gaseons 
state,  the  greater  part  of  the  hot  water  would 
be  forced  down  the  pipes  that  connect  the 
waterback  to  the  boiler,  and  the  waterback 


614 


KITCHKN  HOILKR  UIRVVLATION. 


then  being  full  of  steam,  inatesd  of  water, 
would  sooD  become  overheated.  Such  a  con- 
dition ia  nsually  made  manifest  \>y  snapping 
or  hammering  and  rumbling  sounds. 

In  order  to  obtain  a  force  or  power  suffi- 
cient to  cause  the  hot  water  to  descend  to 
the  boiler,  and  thereby  secure  a  circulation 
between  the  boiler  and  the  range,  the  flow 
pipe/  is  extended  vertically  upward  as  far  as 
the  circumstances  will  allow,  then  returned 
and  dropped  downward  to  the  boiler,  as 
shown  by  /  and  e  in  Fig.  3, 

When  this  system  is  fall  of  water,  and 
before  a  fire  is  started  in  the  range,  the 


water  will  be  at  rest  throughout  the  system, 
because  the  temperature  throughout  is  equal. 
But  as  soon  as  a  fire  ia  started  in  the  range 
and  the  waterback  becomes  heated,  the  hot 
water  will  proceed  to  flow  up  /,  and  circula- 
tion will  commence.  As  it  rises  In  /  the 
velocity  of  the  circulation  will  increase.  The 
reader  will  observe  that  e  is  still  filled  with 
cold  water,  while  /  is  now  filled  with  water 
at  a  higher  temperature,  which  we  take  the 
liberty  to  call  hot.  The  density  of  the  water 
in  the  columns  t  and  /  being  unequal,  it 
follows  that  the  hot  water  will  flow  down  r 


and  take  the  place  of  the  cold  wat«r,  which 
thus  falls  into  the  boiler.  The  velocity  of 
the  circulation  will  now,  however,  begin  to 
decrease,  becanae  as  the  hot  water  descends 
in  t  the  meao  density  of  the  water  in  this 
tube  will  approach  that  of  the  water  in  /, 
The  tube  t,  however,  cannot  attain  a  temper- 
ature as  high  as/,  becanae  the  hot  wat«r  will 
have  given  off  eome  of  ita  heat  to  the  atmos- 
phere, eto.  before  it  travels  very  far;  aod, 
the  lower  the  velocity  of  circulation,  the 
mor«  heat  will  be  given  off  by  a  certain 
weight  of  water  in  traveling  a  given  distance; 
consequently,  the  slower  the  circulation,  the 
greater  will  be  .the  diS^nce  between  the 
densities  of  the  water  in  the  tubes  e  and  /. 
It  will  thus  be  observed  that  circalation 
must  take  place  between  the  range  and  the 
boiler.  There  is  one  feature  in  this  arrange- 
ment, however,  we  most  not  leave  oncon- 
sidered,  which  is  that  a  certain  drag  is 
made  upon  the  circulation  by  connecting 
the  waterback  feedpipe  t  to  the  bottom  of 
the  boiler,  as  shown.  When  the  botitt  is 
filled  with  hot  water,  the  column  of  cold 
water  in  this  pipe  really  forms  a  resistance 
that  must  be  overcome  by  a  difference 
in  density  between  e  and  /.  The  effect  of 
cold  water  in  i  and  hot  water  in  a  is  contrary 
to  the  effect  of  hot  water  in  /  and  colder 
water  in  e. 

Summii^  up,  we  may  eay  that  the  actual 
effective  force,  which  operates  to  drculatd  the 
water  between  the  range  and  the  boiler,  is  the 
mean  density  of  the  water  in/  plus  the  meMi 
density  of  the  water  in  i,  minus  the  metw  den- 
sity of  the  water  in  e,  plus  the  mean  dennty 
of  the  water  in  the  boiler. 

When  a  system  of  piping  similar  to  that 
shown  in  Fig.  3  is  employed,  particular  care 
must  be  taken  to  arrange  the  work  in  sucli 
a  manner  that  the  waterback  cannot  be 
accidentally  drained  by  shutting  the  water 
off  and  draining  the  branches  for  repairs. 
It  should  be  so  arranged  that  the  hot  water 
may  be  shut  off  from  the  fixtures  without 
interfering  with  the  range  circulation.  Thit 
can  be  easily  acromplisbed  by  placing  stop- 
cocks where  shown  in  the  figure. 

The  reader  must  understand  that,  although 
we  illustrate  and  describe  a  method  of  con- 
necting up  a  boiler  in  the  basement  to  a 
range  above  it,  we  do  not  recommend  \\e 
use  when  it  is  possible  to  locate  the  boiler 
higher  than  the  range.  We  never  believe 
in  inviting  trouble,  and  therefore  always 
prefer  to  see  work  installed  so  that  there 
will  be  no  doubt  at  all  of  its  sucoe^ul 
operation. 
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PREVIOUS  articles  have  dealt,  to  some 
extent,  with  the  relative  motions  of  the 
yarious  links  of  a  mechanism,  and  we 
have  seen  how  these  motions  may  be  inves- 
tigated by  means  of  the  instantaneous  centers 
of  the  system  of  links.  So  far,  however,  we 
have  looked  upon  the  links  of  the  mecha- 
nism merely  as  moving  bodies,  without  con- 
cerning ourselves  with  the  manner  in  which 
motion  is  transmitted  from  link  to  link. 
The  transmission  of  motion  in  mechanisms 
forms  an  extremely  interesting  part  of  the 
kinematics  of  machinery,  and  is  a  subject  of 
peculiar  value  to  the  inventor  or  designer  of 
machinery.  It  is  a  part  of  this  subject  that 
we  shall  consider  in  the  present  article. 

In  any  machine  or  mechanism,  motion  is 
imparted  to  some  link  by  an  external  agent; 
the  motion  of  this  link  is  transmitted  to  a 
second,  and  so  on.  When  motion  is  thus 
transmitted  from  one  link  to  another,  it  is 
customary  to  call  the  first  link  the  driver^ 
and  the  second  link  the  follower.  The 
methods  employed  to  transmit  motion  from 
driver  to  follower  fall  into  two  classes:  (1) 
that  in  which  the  motion  is  transmitted  by 
direct  contact  between  the  two  parts;  (2) 
that  in  which  the  motion  is  transmitted  by 
some  intermediate  connecting  link.  As  ex- 
amples of  transmission  by  direct  contact,  we 
have  friction  gears,  toothed  gears,  cams,  etc. 
The  intermediate  connecting  element  of  the 
second  class  may  be  a  rigid  bar,  a  flexible 
cord  or  belt,  or  a  fluid  column.  Take,  for 
example,  the  familiar  steam-engine  mecha- 
nism composed  of  the  piston  (and  piston 
rod),  connecting-rod,  and  crank.  The  piston 
in  this  case  is  the  driver.  Motion  is  imparted 
to  it  by  the  external  force — the  pressure  of 
the  steam  in  the  cylinder — and  it  imparts 
motion  to  the  crank  and  crank-shaft.  The 
crank  and  attached  shaft  is  to  be  considered 
as  the  follower,  and  the  connecting-rod  is 
the  intermediate  link  that  serves  to  transmit 
the  motion. 

We  consider,  first,  the  communication  of 
motion  by  direct  contact.  Suppose  a  and  6, 
Fig.  1,  to  be  two  bodies  in  contact  at  the 
point  Af  and  that  a  is  the  driver.  Suppose, 
further,  that  on  the  curve  that  indicates  the 


bounding  surface  of  a  we  select,  at  random, 
points  B,  C,  etc.,  and  on  the  curve  of  h  the 
points  ^1,  Ci,  etc.,  so  that  A  B  =  Ai  Bi^ 
B  C  =  Bi  C„  etc.  Now,  if  the  two  bodies 
move  in  such  a  manner  that  the  points  B  and 
Bi  coincide,  then  the  points  C  and  Q,  etc., 
the  motion  is  pure  rolling.  If,  on  the  other 
hand,  the  points  of  a  come  in  contact  suc- 
cessively with  points  of  6,  but  in  such  a  way 
that  B  falls  in  contact  with  a  point  nearet 
to  or  fieu'ther  from  Ai  than  is  £|,  then  the 
motion  is  a  mixed  rolling  and  sliding.  Let 
us  assume,  first,  that  the  motion  is  pure 
rolling,  and  determine  the  instantaneous 
center  of  the  motion  of  the  bodies  relative  to 
each  other.    Let  the  line  t  be  the  common 


Fig.  1. 

tangent  to  the  bounding  curves  at  the  point 
of  contact  A ;  then  the  line  n,  passing  through 
A  and  perpendicular  to  t,  is  the  common 
normal  to  the  curves.  Consider  the  motion 
of  the  point  A  relative  to  the  body  b.  It 
is  evident  that  A  cannot  move  relative  to 
Ai  along  the  normal  n,  for  in  that  case  the 
bodies  would  either  separate  or  penetrate 
each  other.  Neither  can  A  move  relative  to 
A I  along  the  tangent  t,  for  such  a  motion 
would  be  sliding  and  would  displace  the 
points  B  and  C  so  that  they  would  not  fall 
on  Bi  and  C^.  It  follows  that  A  has  no 
motion  relative  to  ^i,  and  the  two  points 
have  the  same  velocity  and  are  moving  in 
the  same  direction.  But  we  have  seen  that 
when  two  bodies  have  relative  motion,  the 
one  point  that  has  the  same  velocity, 
whether  it  is  considered  a  point  of  first  body 
or  of  the  second  body,  is  the  instantaneous 


515 


516 


TRANSMISSION  OF  MOTION  IN  MECHANISMS. 


center  of  the  motion.  Hence,  the  point  of 
contact  A  is  the  instantaneous  center  of  the 
motion  of  a  relative  to  b,  or  the  motion  of  b 
relative  to  a.  The  troth  of  this  statement  is 
almost  self-evident.  For,  suppose  the  body 
6  is  at  rest;    then  a  has  a  motion  of  pore 


Fig.  2. 


rolling.  It  is  clear  that  at  any  instant  the 
point  of  contact  is  the  point  about  which  the 
body  is  turning.  We  may,  therefore,  state 
the  following  as  a  formal  proposition:  //  the 
relative  motion  of  two  bodies  is  pure  rolling^  the 
irutarUaneous  center  of  that  motion  is  always 
the  point  of  contact  of  the  two  bodies. 

We  now  consider  the  case  of  mixed  rolling 
and  sliding  motion.  Referring  to  Fig.  1, 
suppose  the  body  a  to  remain  always  in  con- 
tact with  the  body  6,  as  it  must  do  if  it  com- 
municates motion  to  b.  If  the  motion  is  a 
mixed  rolling  and  sliding,  then  it  is  evident 
that  the  point  A  must  move  relative  to  the 
point  Ai,  But  this  motion  must  be  in  the 
direction  of  the  tangent  t,  for  if  there  were 
any  component  along  the  normal  n,  the 
bodies  would  either  separate  or  penetrate. 
It  has  been  shown  in  a  previous  article  that 
the  instantaneous  center  of  the  motion  of 
a  body  must  lie  on  a  line  drawn  through 
any  point  perpendicular  to  the  direction  of 
motion  of  that  point.  Now,  the  motion  of 
the  point  ^  is  in  the  direction  of  the  tangent  t; 
hence,  on  the  normal  n,  the  line  through  A, 
perpendicular  to  (,  lies  the  instantaneous 
center  of  the  motion  of  a  relative  to  6.  We 
have,  then,  the  following  general  principle: 
If  one  body  transmits  motion  to  another  by  direct 
conlactf  the  instantaneous  center  of  the  relative 
motion  of  the  two  bodies  lies  on  the  common 
normal  passing  through  the  point  of  contact. 

We  can  now  pass  to  a  more  concrete  case, 
in  which  the  two  bodies  in  contact  rotate 
about  fixed  axes.  Such  cases  are  often  met 
with  in  machine  construction,  cams  and  gear- 
wheels being  familiar  examples.  Let  b  and 
c.  Fig.  2,  be  two  bodies  rotating,  respectively, 
about  the  fixed  axes  B  and  C  Let  t  and  s 
be,  respectively,  the  tangent  and  normal  to 
the  curves  at  tiie  point  of  contact  P.  Deno- 
ting by  a  the  frame  of  the  machine,  the  fixed 


link  to  which  the  axes  B  and  Care  attached, 
it  is  evident  that  the  centers  of  these  axes 
are  the  centers  of  the  motions  of  b  and  c, 
respectively,  relative  to  the  fixed  link  a. 
According  to  the  "law  of  three  centers," 
when  three  bodies  move  relative  to  one 
another,  the  three  instantaneous  centers 
must  lie  in  a  straight  line. 

Now,  the  center  of  the  motion  of  b  relative 
to  the  fixed  link  a,  is  the  center  of  the  axis 
B\  likewise,  the  center  of  the  motion  of  c 
rdative  to  a  is  the  center  of  the  axis  C; 
hence,  the  instantaneous  center  of  the  motion 
of  b  relative  to  c  must  lie  on  the  line  joining 
the  centers  of  the  axes  B  and  C.  But  in  the 
preceding  paragraph  we  showed  that  the 
instantaneous  center  of  the  relative  motion 
of  b  and  c  lies  on  the  normal  a;  therefore,  it 
lies  at  If,  the  intersection  of  the  normal  with 
the  line  joining  the  center  of  the  axes  B 
and  C.  In  all  such  cases,  the  intiaxitaneous 
center  of  the  relative  motion  of  two  bodies  that 
are  in  direct  contact  and  turn  about  fixed  centers 
is  the  point  in  which  the  normal  through  the  point 
of  contact  cuts  the  *Uine  of  centers.** 

The  location  of  the  instantaneous  center 
gives  a  ready  means  of  determining  the  rela- 
tive angular  velocities  of  the  bodies  b  and  c 
about  their  axes  B  and  C,  respectively.  See 
"Home  Study  Magazine,"  July,  1898,  article 
entitled  "Plane  Motion."  The  instantane- 
ous center  M  has  the  same  velocity  whether 
it  is  considered  a  point  of  6  or  a  point  of  c. 


Fio.  3. 


Denoting  the  angular  velocities  of  b  and  c, 
respectively,  by  W^  and  W^,  then  the  linear 
velocity  of  if  is 

W^XBM  =  W,XCM; 

,  Wx      CM 

hence,  ^^  =  ^^  • 

In  words,  the  angular  velocities  of  two  bodies 
in  contact  and  turning  about  fixed  axes  are 
inversely  as  the  segments  into  which  the  common 
normal  at  the  point  of  contact  divides  the  line 
joining  the  axes. 

An  important  application  of  the  principles 
just  stated  is  found  in  the  determination 
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of  the  proper  forms  of  gear-teeth.  Suppoee 
we  have  a  pair  of  circular  disks  b  and  c,  Fig. 
3,  taming  about  the  axes  B  and  C,  respect- 
ively, and  in  contact  at  the  point  R.  Evi- 
dently, if  the  disks  are  pressed  together  and 
motion  is  given  to  6,  the  motion  will  be 
transmitted  to  c;  furthermore,  the  relative 
motion  of  b  and  c  will  be  pure  rolling.  Since 
the  points  in  the  circumferences  have  the 
same  linear  velocity,  the  angular  velocities 
of  the  disks  are  inversely  as  the  radii  B  R 
and  CR;  for  example,  BR  =  3,  and  CR 
=  2,  then  b  will  make  two  revolutions  while 
C  is  making  three.  Circular  disks  of  this 
kind  may  be,  and  often  are,  used  for  trans- 
mitting motion.  However,  all  that  pre- 
vents them  from  slipping  is  the  friction 
between  the  surfaces  in  contact,  and  for 
lai^  forces  some  means  must  be  provided 
for  making  the  motion  positive.  Suppose 
that  on  the  disk  b  is  screwed  a  projection  e 
and  on  c  a  projection  /,  each  having  a  curved 
outline.  Then,  when  the  disk  b  is  turned, 
the  curved  outline  of  e  will  come  in  contact 
with  the  curved  outline  of  /  and  the  trans- 
mission of  motion  from  6  to  c  will  be  ren- 
dered positive  beyond  doubt  This  is  the 
procedure  adopted  in  the  case  of  gear-wheels. 
Projecting  teeth  on  the  circumference  of  the 
driver  engage  with  similar  teeth  on  the  cir- 
cumference of  the  driven  wheel.  For  con- 
venience, the  teeth  are  symmetrical  and  have 
practically  the  same  form  in  both  wheels. 
However,  in  principle,  the  action  of  a  pair  of 
teeth  is  in  every  way  similar  to  the  action  of 
the  lugs  e  and  /,  Fig.  3.  The  curved  outlines, 
Fig.  3,  are  in  contact  at  the  point  P,  and  the 
line  8  is  the  common  normal  to  the  curves  at 
the  point  P.  Suppose  this  normal  8  cuts  the 
line  of  centers  P  C  at  the  point  M;  then, 
from  what  has  been  stated  previously,  the 
angnlar  velocities  of  b  and  c  are  inversely  as 
the  segments  B  M  and  C  M,  But  the  angular 
velocities  of  the  rolling  disks  are  inversely  as 
the  segments  BR  and  CR.  Hence,  if  the 
positive  motion  transmitted  by  the  lugs  e  and 
/  is  to  be  exactly  the  same  as  the  original  roll- 
ing motion  of  the  disks,  it  is  evident  that 
the  point  M  must  coincide  with  the  point 
of  contact  R\  that  is,  the  common  normal 
to  the  curves  in  contact  must  always  pass 
through  the  point  of  contact  of  the  circular 
disks.  It  is  evident  that  if  this  condition  is  to 
be  fulfilled,  the  curves  we  choose  as  the  out- 
lines of  e  and  /  cannot  be  selected  at  random. 
Suppoee  we  assume  the  circumferences  of 
the  disks  b  and  c  to  be  the  pitch  circles  of  a 
pair  of  gear-wheels,  and  the  bounding  curves 
of  the  lugs  e  and  /  to  be  the  outlines  of  gear- 


teeth.  Then  it  appears  that  the  condition 
to  be  fulfilled  by  the  tooth  outlines  in  order 
that  the  transmission  by  means  of  the  teeth 
shall  be  exactly  equivalent  to  the  rolling  of 
the  pitch  circles  is  that  the  common  normal 
to  the  tooth  outline8  through  their  point  of  corUact 
8haU  pa88  through  the  point  of  contact  of  the 
pitch  drdee.  The  determination  of  tooth  out- 
lines that  will  satisfy  this  condition  is  an 
extremely  interesting  branch  of  the  geom- 
etry of  motion,  but  lies  beyond  the  scope 
of  this  article. 

We  have  shown  that  if  the  relative  motion 
of  two  bodies  is  a  pure  rolling,  the  instan- 
taneous center  must  be  the  point  of  contact 
But  as  the  instantaneous  center  must  lie  on 
the  line  of  centers,  it  follows  that  the  first  con- 
dition of  pure  rolling  is  that  the  point  of 
contact  must  always  lie  on  the  line  of  cen- 
ters. If ,  as  in  Fig.  2,  the  point  of  contact  is 
at  some  distance  from  the  line  of  centers, 


Fig.  4. 


the  motion  must  be  puHy  or  wholly  sliding. 
Let  us  apply  this  statement  to  the  case  of  a 
pair  of  gear-wheels.  When  two  teeth  first 
come  in  contact,  the  point  of  contact  is  at 
some  distance  from  the  line  joining  the  axes, 
and  there  is,  in  consequence,  a  certain 
amount  of  sliding  between  the  teeth.  As 
the  point  of  contact  approaches  the  line  of 
centers  (PC,  Fig.  3),  the  sliding  becomes 
leas;  when  the  point  lies  on  the  line  of 
centers,  the  sliding  disappears,  and  the  rela- 
tive motion  of  the  teeth  at  this  instant  is 
pure  rolling.  In  view  of  this  principle,  the 
following  statement  from  an  advertising 
booklet  on  gears  is,  to  say  the  least,  sur- 
prising: **A  properly  formed  tooth  of  the 
involute  pattern  does  not  have  sliding  fric- 
tion, as  claimed  by  its  opponents." 

In  conclusion,  non-circular  disks,  or  wheels 
that  fulfil  the  conditions  of  pure  rolling, 
demand  our  attention.  In  the  actual  con- 
struction of  machines  the  great  migority  of 
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gears — parts  with  rolling  pitch  circles — are 
circular,  the  angular  velocity  ratio  being 
constant.  In  special  machinery,  however,  it 
is  frequently  desirable  to  construct  gears 
that  will  have  a  varying  angular  velocity 
ratio.  The  pitch  lines  of  such  gears  are 
necessarily  non-circular,  but  must  fiilfil  the 
conditions  of  pure  rolling.  It  is  quite  evi- 
dent that  the  bounding  curves  of  such  non- 
circular  wheels  cannot  be  chosen  at  random 
if  they  are  to  fulfil  these  conditions.  There 
are  certain  curves,  however,  whose  proper- 
ties are  such  that  under  certain  circumstances 
they  will  roll  and  at  the  same  time  rotate 
about  fixed  axes.  In  the  nugority  of  cases 
non-circular  wheels  have  one  or  more  of 
these  curves  for  their  boundaries. 

The  simplest  case  of  non-circular  rolling 
wheels  is  fbrnished  by  two  equal  ellipses 


(Fig.  4) .  The  first  axis  B  must  pass  through 
one  of  the  foci  of  the  ellipse  6;  similarly, 
C  must  pass  through  a  focus  of  c,  and  the 
distance  BC  must  be  equal  to  the  major 
axis  EF  of  the  ellipse.  Under  these  drcum- 
stanoes  the  point  of  ccmtact  P  will  always  be 
on  the  line  BC,  and  the  relative  motion  of 
the  ellipses  will  be  pure  rolling.  Gears  with 
elliptical  pitch  lines  are  sometimes  used  in 
shaping  machines  to  give  a  quick-return 
motion  to  the  ram. 

Space  will  not  permit  more  than  a  brief 
mention  of  other  curves  that  may  be  used 
as  outlines  for  rolling  wheels.  Two  equal 
parabolas  may  be  thus  used  with  the  limi- 
tation that  one  has  a  motion  of  translation 
whUe  the  other  rotates  about  an  axis  through 
its  focus.  Two  equal  hyperbolas  will  also 
roll  under  certain  circumstances. 
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Transverse  Strength  ok   Brickwork — The  Lintel  as  a  Rehtrainbo  Beam — Common 

Methods  of  (Computation. 


BRICK  masonry  is  seldom  employed  where 
any  stress  other  than  direct  compres- 
sion will  come  on  it,  but  it  is  sometimes 
subjected  to  transverse  or  bending  stress  also. 
Since  the  compressive  strength  of  mortar  is 
so  great,  compared  to  its  tensile  strength  or 
to  its  adhesive  power,  it  is  evident  that  the 
ability  of  brickwork  to  resist  bending  stresses 
depends  almost  entirely  on  these  two  latter 
strengths,  of  which  its  adhesion,  or  power 
to  stick  to  brick  or  stone,  deserves  the  most 
attention,  as  giving  the  most  conservative 
results.  The  ability  of  brickwork  to  act  as 
a  beam  is  seldom  taken  into  account;  but  it 
is  a  fact  that  brickwork  laid  in  good  mortar 
has  considerable  transverse  strength,  and  it 
is  this  strength  that  makes  it  possible  for 
some  buildings  to  stand  up  under  the  buffet- 
ing of  the  elements,  even  while  presenting 
an  appearance  that  led  one  engineer  to  say 
of  a  certain  building  that  it  stood  up  only 
' '  by  the  grace  of  Grod  and  the  force  of  habit.  *  * 
Very  few  experiments  have  been  made 
on  the  adhesive  strength  of  mortars.  This 
strength  depends  to  a  large  extent  on  the 
porosity  of  the  bricks  fastened  together,  and 
on  the  age  of  the  mortar.  The  few  records 
extant  give  about  30  pounds  per  square  inch 
for  l-to-2  lime  mortar,  6  months  old,  on  com- 
mon bricks;  18  pounds  for  hydraulic  lime 


mortar,  7  days  old;  18  pounds  for  lime  mor- 
tar, 6  months  old,  on  soft  bricks;  and  40  to 
50  pounds  for  l-to-2  Portland  cement  mortar, 
40  days  old,  on  common  bricks. 

The  brickwork  over  an  opening  can  be 
considered  as  a  beam  fixed  at  the  ends  and 
uniformly  loaded,  as  illustrated  in  Fig.  1. 
The  uniform  load  is  the  weight  of  the  brick- 
work above.  It  will  be  seen  that  the  bricks 
in  the  courses  a,  near  the  top,  will  be  pressed 
together,  thus  bringing  the  mortar  in  the 
vertical  joints  in  compression;  while  the 
bricks  in  the  courses  6,  at  the  bottom,  would 
tend  to  be  pulled  apart,  depending  on  the 
adhesion  of  the  mortar  in  the  vertical  joints 
of  these  courses  for  stability.  By  an  analysis 
of  the  stresses  in  such  a  beam  it  can  be 
proved  that  brickwork  over  an  opening  will 
be  self-supporting  when  the  height  over  the 
opening  is  equal  to  the  square  of  the  span 
in  feet  divided  by  twice  the  modulus  of 
rupture,  which  may  be  taken  equal  to  the 
safe  adhesive  power.  This  rule  is  of  value 
chiefly  in  cutting  holes  through  old  brick 
walls.  Let  it  be  desired  to  cut  a  15-foot 
opening  in  such  a  wall,  and  it  is  desired  to 
know  whether  shoring  is  necessary.  In 
such  a  case,  the  adhesive  power  can  be 
determined  by  actual  trial;  and  a  value  of 
10  pounds  per  square  inch  should  give  a 
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laige  enough  factor  of  safety  for  any  good 
masonry.    By  the  above  rule, 

Hence,  if  the  wall  ie  aolid  at  leaat  11  feet 
high  above  the  opening,  it  will  be  eelf- 
Bupporting.    If  higher  than  11   feet,  it  is 


stronger  than  necessary;  and  if  lees  than 
11  feet,  or  if  a  floor  or  other  weight  depends 
on  the  wall  for  support,  it  will  need  shoring 
or  needling. 

We  may  also  deduce  the  rale  that,  is 
bnilding  a  new  wall  over  a  lintel,  the  greftt- 
eet  preeeare  coming  on  the  lintel  at  any  time 
is  equal  to  one-half  the  entire  weight  of  the 
brickwork  over  the  opening.  Knowing  the 
strength  of  the  lintel  (a  method  (or  finding 
which  will  be  ezpluned  later),  we  can  tell 
how  high  we  may  safely  build  the  wall 
above  it  Thus,  soppoaing  that  a  girder  of 
10  feet  span  will  hold  safely  10  tons  of  uni- 
formly distributed  load,  equivalent  to  the 
weight  of  a  1-foot  wall  14  feet  high,  we  may 
bnild  the  wall  twice  14,  or  28,  feet  high 
without  further  support,  provided  that  the 
work  is  not  carried  oq  too  rapidly,  so  as  to 
allow  the  mortar  to  attiun  a  small  average 
strength.  If  the  work  is  carried  on  very 
rapidly,  the  lintel  must  be  braced  up  to 
prevent  exceesive  deflection. 

Tha«  are  two  methods  in  common  use  for 
estimating  the  preesnre  on  a  lintel  due  to  a 
mass  of  masonry.  One  method  consists  in 
aeeuming  the  masonry  to  be  a  fluid,  and 
taking  the  load  on  the  lintel  to  be  the  weight 
of  all  the  masonry  above  the  opening.  As  a 
wall  would  be  several  days  in  building,  and 
would  acquire  eome  strength,  the  weight  on 
the  girder  cannot  be  compared  to  a  fluid 
volume.  The  other  method  is  to  assume  the 
pressure  to  be  the  weight  of  a  triangular 
wedge  of  masonry,  of  which  the  base  is 
eqoal  to  the  span  and  the  altitude  equal  to 
one-third  the  span.  To  avoid  excessive  de- 
flection and  cracking  of  the  brickwork,  if 
the  lintel  is  proportioned  in  this  way,  it  is 
well  to  brace  it  np  temporarily,  when  the 


height  of  the  wall  approaches  the  dangerous 
p(unt  as  computed  in  a  former  paragraph, 
until  the  brickwork  hasatttuned  considerable 
strength. 

Assuming  the  above  method  of  finding  the 
pressure  on  a  lintel,  we  will  now  pass  to  the 
consideration  of  the  lintel  itself. 

Lintels  are  made  of  wood,  stone,  or  iron. 
The  Introdnction  of  laige  timbers  in  masonry 
walls  is  not  advisable,  on  account  of  the 
shrinkage,  which  wilt  cause  cracks.  Some 
specifications  require  that  wooden  lintels 
must  not  extend  into  the  brickwork  more 
than  2  inches  on  either  side  of  the  opening. 
While  this  is  advisable,  to  prevent  damage 
from  shrinkage,  yet  the  same  beam,  if  firmly 
built  into  the  wall,  wonid  be  50  per  cent. 
stronger  and  would  deflect  but  one-fifth  as 
much  under  the  same  load.  Stone  and  iion 
beams,  not  being  liable  to  shrinkage,  may 
be  so  built  in. 

To  illustrate  the  method  used  Id  applying 
the  foregoing  principles,  let  na  assume  a 
problem  (see  Fig.  2).  An  opening  of  12  feet 
span  is  to  be  left  in  an  IS-inch  brick  wall 
built  with  good  lime  mortar.  The  wall  is  to 
be  supported  by  two  yellow-pine  beams 
9  inches  wide,  laid  side  by  side,  and  extend- 
ing 2  inches  into  the  brickwork  on  each  side. 
How  deep  must  the  beams  be  7 

The  weight  on  the  lintel  will  be  that  of  a 
triangular  masB  of  brickwork  12  feet  long, 
4  feet  high,  and  1}  feet  thick,  having  a 
volume  of  36  cubic  feet.  If  the  brickwork 
weighs  about  140  pounds  per  cubic  foot, 


Fio.  a. 

the  wdght  on  the  lintel  will  be  140  X  3B 
=  6,040  pounds. 

The  siie  of  beam  neceaeary  may  be  com- 
puted from  the  formula 

where  W  =  weight  (5,040  pounds); 
L  ^  span,  in  inches; 
K  ■=  section  modulus  of  the  beam; 
5   =  safe  fiber  stress  (about  1,000 
pounds  per    square   inch    for 
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Then, 


5,040  X  12  X  12 
6 


=  KX  1,000. 


K  = 


Solving,  we  get  £*  =  121. 

Now,  for  a  beam  of  rectangular  croes-eection, 

bdP 

6  ' 

where  b  =  width,  18  inches  (considering the 

two  beams  as  acting  together); 

and      d  =  the  necessary  depth. 

18(2' 
Then,  121  =  — ^;  or,  d  •=  say,  7  inches. 

The  height  of  the  lintel,  esi)ecially  if  boilt 
into  the  wall,  should  be  made  equal  to  some 
number  of  courses  plus  the  thickness  of  mor- 
tar joints  at  top  and  bottom,  so  that  the  brick 
will  rest  directly  on  the  lintel  without  an 
intervening  mortar  joint  With  ordinary 
brickwork  this  would  necessitate  the  use  of 
a  beam  about  Si  inches  deep.  To  find  how 
much  the  two  8-inch  beams  will  hold,  first 
compute  the  section  modulus  from  the 
formula 

JT  =  J  6d«  =  i  X  18  X  8*  =  192. 

Substituting  in  the  formula 

w  —  —^^ 
^  ~      L    * 

we  have,  as  the  safe  strength  of  the  lintel, 


This  is  equal  to  the  entire  weight  of  the 
wall  when  about  3  feet  high.  According  to 
the  principle  stated  in  the  first  part  of  this 
article,  we  should  brace  up  the  lintel  when 
the  wall  approaches  a  height  of  6  feet  above 
the  opening. 

If  a  stone  lintel  were  to  be  used  in  this 
place,  we  would  assume  a  safe  fiber  stress  of 
about  150  pounds  per  square  inch,  allowing 
a  factor  of  safety  of  10.  We  should  then  find 
that  a  lintel  about  16  inches  deep  would  be 
necessary. 

If  we  wish  to  use  two  steel  channels  to 
support  the  wall,  we  use  a  safe  fiber  stress  of 
15,000  pounds  per  square  inch,  fifteen  times 
as  great  as  that  used  for  wood,  and  therefore 
get  a  section  modulus  equal  to  one-fifteenth 
that  of  the  wooden  beam,  or  8.  By  referring 
to  one  of  the  manufiEu^turers'  catalogues,  we 
find  that  two  6-inch  channels  each  weighing 
8  pounds  per  foot  will  be  strong  enough. 

As  the  stone  and  the  iron  beams  could  be 
built  into  the  wall,  the  above  sizes  would 
give  ample  factors  of  safety,  and  would  not 
need  extra  support  during  the  building  of 
the  wall. 


ARCHITECTURAL  CONVENTION. 


TH£  MOTTO  of  the  first  National  Con- 
vention of  Architectural  Societies,  held 
at  Cleveland  recently,  was  ''Progress 
Before  Precedent" — a  most  significant  one, 
predicting  a  great  amount  of  scientific 
advancement  in  architectural  practice.  It  is 
not  necessary  for  progress  that  precedent  be 
ignored,  but  a  healthy  painstaking  analysis 
of  the  fundamental  principles  governing 
the  production  of  the  precedent  will  tend 
towards  creative  design  more  adapted  to  the 
modem  ''fitness  of  things"  than  much  of 
that  now  passing  for  up-to-date  work. 
Mr.  Julius  F.  Harder,  of  New  York,  said: 
"There  is  a  sentiment  which  seeks  to 
depart  from  architectural  isolation  and  de- 
sires us  to  rub  elbows  with  our  fellows  in  the 
allied  arts.  There  is  a  feeling  that  our  archi- 
tectural organization  should  be  expanded  to 
a  degree  of  inclusiveness  comprising  all  the 
allied  arts — sculpture  and  painting,  workers 
in  decorative  glass,  metal,  mosaics,  and  every 
form  of  artistic  workmanship  and  product 
which  enters  into  the  fine  art  of  building 
beautifully,  and  the  idea  of  expansion  even 
extends  to  including  reenforcement  by  the 


admission  of  lay  members  in  dubs  to  certain 
restricted  membership. 

"There  is  a  strong  current  perceptible, 
setting  in  the  direction  of  establishing  the 
practice  of  architecture  as  a  business  upon 
an  appropriate  pedestal  of  respectability  and 
responsibility;  to  begin  the  work  of  estab- 
lishing professional  ethics  and  providing  the 
organization  for  control  and  discipline;  to 
rescue  our  practice  from  the  slough  of 
despondency  in  which  it  is  freely  admitted 
to  find  itself;  and  to  make  a  line  of  demai^ 
cation  between  those  methods  which  are 
considered  as  proper  and  productive  of 
wholesome  results  and  those  others  which 
are  generally  agreed  to  be  improper  and 
invariably  produce  bad  results. 

"This  convention  appears  to  be  unani- 
mously of  the  opinion  that  architectural 
organizations  should  assert  themselves  in 
their  own  community  and  municipality,  and 
also  nationally,  to  ftdfil  their  obligations  to 
society,  to  the  end  of  securing  proper  con- 
sideration from  an  architectural  point  of 
view  for  public  works  of  art  and  architec- 
ture of  all  classes." 
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Points  to  be  Oonsidsrbd — Any  Kind  Not   Suitable  fob  Every  Place — Why  Good 
Boilers  Are  Sometimes  Discarded  Before  They  Are  Worn  Out— Some  Advice. 


ARTICLES  have  appeared  at  different 
L  times  in  various  publications  on  the 
above  subject,  but  nearly  all  of  them 
treat  only  of  the  determination  of  the 
capacity  of  boilers  to  evaporate  water,  after 
stating  the  weight  of  steam  that  is  required 
per  hour.  Such  articles  are  valuable  as  flEur  as 
they  go,  but  it  appears  to  me  as  if  there  was 
Bomething  to  be  said  concerning  the  particu- 
lar type  of  boiler  to  be  adopted  for  a  given 
place  and  known  conditions  that  will  prove 
of  interest  to  those  that  contemplate  the 
erection  of  a  new  plant  or  the  reconstruction 
of  an  old  one.  AH  authorities  agree  that  a 
boiler  should  have  constant  attention  while 
a  brisk  fire  is  burning,  under  it,  and  they 
also  know  that  this  attention  is  not  always 
given;  consequently,  when  it  is  known  in 
advance  that  the  fireman  will  have  to 
attend  to  other  duties,  the  decision  concern- 
ing the  kind  of  boiler  to  be  installed  should 
be  affected  by  this  consideration. 

A  boiler  that  consists  of  pipes  connected 
together  in  one  way  or  another  may  be  an 
economical  steam  generator,  and  can  be 
built  to  stand  a  higher  pressure  than  another 
type  composed  of  one  or  more  large  parts. 
However,  the  pipe  boiler  will  hold  but  little 
water;  hence,  the  feed  must  be  steady,  or 
there  is  danger  of  ruining  the  whole  struc- 
ture in  short  order. 

Here  it  may  be  mentioned  that  every  boiler 
should  be  fed  constantly,  this  being  condu- 
cive to  both  safety  and  economy;  but  many 
things  are  not  always  done  as  they  should  be, 
and  this  is  one  of  them.  Consider  that  a  pump 
or  an  injector  may  be  left  doing  its  work 
nicely,  and  yet  two  minutes  afterwards  the 
former  may  stop,  or  the  latter  "kick,"  the 
result  being  that  no  water  goes  into  the 
boiler.  In  such  a  case,  before  the  fireman 
is  aware  of  it,  much  damage  may  result.  A 
certain  steam  user,  who  was  erecting  a  new 
plant,  stated  to  the  writer  that  he  intended 
to  allow  the  engineer  60  per  cent,  of  his  time 
for  caring  for  the  engine  and  boiler,  but  the 
remaining  40  per  cent,  must  be  spent  in  doing 
other  work  about  the  place.  Under  such 
a  condition,  a  boiler  that  will  hold  water 
enough  to  prevent  rapid  fluctuations  of  the 


water-line  should  be  adopted;  but,  as  the 
kind  of  boiler  that  the  party  mentioned  has 
purchased  will  only  hold  a  few  barrels,  it 
seems  to  me  that  a  great  mistake  has  been 
made. 

The  fact  that  a  boiler  holds  but  little  water 
does  not  in  itself  make  it  an  economical 
steam  generator,  for,  while  steam  may  be 
raised  in  it  in  a  few  minutes,  there  is  no 
reservoir  for  heated  water  or  for  steam. 
Hence,  as  soon  as  the  fire  bums  low,  the 
pressure  falls,  and  after  the  fire  is  banked 
at  night  the  whole  boiler  cools  off  in  short 
order;  consequently,  much  or  all  of  the  coal 
saved  during  one  day  is  used  in  getting 
up  steam  the  next  morning.  On  the  other 
hand,  a  boiler  that  has  a  laige  reservoir  for 
hot  water  will  hold  the  heat  so  steadily  that 
there  will  be  almost  as  much  pressure  in  the 
morning  as  there  was  the  night  before;  there- 
fore, I  believe  that  there  is  little  or  no  differ- 
ence in  the  economy  of  the  two  types  when 
a  whole  week's  run  is  taken  into  consider- 
ation. This  is  not  a  theoretical  assumption, 
but  has  been  demonstrated  to  be  a  practical 
fact,  where  both  kinds  were  side  by  side  in 
the  same  boiler  room. 

The  next  point  that  I  shall  mention  is 
worthy  of  serious  consideration  when  con- 
templating the  purchase  of  a  boiler,  and  is 
well  illustrated  by  the  following  incident. 
One  day  when  passing  an  establishment 
where  hundreds  of  tons  of  coal  are  burned 
each  year,  I  saw  a  laige  boiler  that  had  been 
discarded.  It  was  not  half  worn  out,  but 
there  it  lay — ^for  sale  at  a  low  price  if  any- 
body cared  to  invest  surplus  cash.  Why 
this  apparent  waste  of  capital  ?  The  boiler 
was  of  a  well-known  vertical  type,  hundreds 
of  which  are  in  successful  operation  through- 
out the  country — then  why  was  this  one 
thrown  away?  The  explanation  is  as 
follows:  The  feedwater  that  must  be  used 
at  the  establishment  forms  a  hard  scale. 
Furthermore,  the  boilers  are  run  night  and 
day,  so  that  opportunities  for  cleaning  them 
are  not  as  plentiful  as  they  might  be.  More- 
over, owing  to  the  difficulty  of  cleaning  this 
type  of  boiler  in  the  limited  time  allowed, 
scale  piled  up  on  the  crown  sheet,  keeping 
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the  water  from  comiog  in  contact  with  the 
iron,  and  making  it  necessary  to  shut  down 
and  expand  the  old  tubes  and  pat  in  new 
ones  frequently,  until  the  interruption  due 
to  repairs  could  be  tolerated  no  longer — then 
the  boiler  was  thrown  out.  The  engineer 
who  selected  that  steam  generator  knew  what 
kind  of  water  he  had  to  use  in  it  just  as  well 
before  it  was  purchased  as  he  does  today, 
and  yet  he  allowed  an  improper  type  to  be 
bought! 

The  lesson  to  be  learned  from  this  is  that, 
where  impure  water  must  be  used,  the 
boilers  adopted  must  be  so  designed  that 
they  can  be  cleaned  readily.  The  plant  just 
referred  to  is  so  situated  that  the  boiler  room 
is  small  and  it  cannot  be  made  larger  with- 
out great  expense;  hence,  another  kind  of 
vertical  boiler  was  installed,  but  whether  it 
will  be  satis&ctory  or  not  remains  to  be 
seen. 

The  one  just  put  in  can  be  thoroughly 
examined,  so  that  it  is  proper  to  assume  it 
can  be  cleaned.  These  are  points  in  its 
favor,  and  should  be  careAilly  considered; 
yet,  in  another  plant  with  which  I  am 
fieuniliar,  that  same  kind  of  a  vertical  boiler 
has  been  thrown  out,  and  a  horizontal  tubu- 
lar boiler  put  in  its  place.  The  reason  given 
for  this  action  is  that  it  could  not  be  kept 
clean.  This  seems  to  indicate  a  bad  prospect 
for  the  man  that  has  just  put  one  of  them 
into  service,  and  also  shows  that  opinions  on 
the  same  subject  may  differ. 

Very  great  stress  is  always  laid  on  the  fact 
that  a  vertical  boiler  occupies  less  floor  space 
than  a  horizontal  one,  but  there  are  many 
cases  where  this  is  not  worthy  of  considera- 
tion. I  have  just  read  of  the  sale  of  a 
small  piece  of  land  in  New  York  City,  the 
price  of  which  was  at  the  rate  of  more  than 
$13,000,000  per  acre.  Where  real  estate  is 
that  valuable,  it  pays  to  economize  floor 
space,  but  the  next  plant  I  shall  mention  is 
located  outside  of  city  limits,  where  land 
enough  for  a  large  boiler  plant  could  be 
bought  for  $500,  and  yet  vertical  boilers  were 
installed. 

There  is  no  objection  to  the  selection  of 
this  type  of  boiler  so  far  as  I  know,  pro- 
vided it  proves  satisfactory  to  the  parties 
that  must  pay  the  coal  bills  and  do  the 
work  necessary  to  its  successful  operation. 
But  in  this  particular  instance  it  seems  that 
vertical  boilers  were  not  a  success,  for  hori- 
zontal water-tube  boilers  have  since  been 
erected  in  that  plant. 

I  have  selected  for  illustration  cases  where 
boilers  have  been  thrown  out  as  worthless, 


because  I  desire  to  show  that  the  points 
mentioned  are  not  the  mere  fanciful  ideas 
of  an  enthusiast,  but  substantial  objections. 

If  it  is  decided  that  horizontal  water-tube 
boilers  are  the  best,  it  should  not  be  taken 
for  granted  that  all  of  these  are  equally  safe 
and  efficient.  It  must  be  remembered  that 
there  are  many  different  kinds  of  this  type, 
and  some  of  them  have  not  been  tested  by 
years  of  "rough-and-tumble"  service.  A 
certain  boiler  of  this  kind  was  installed 
before  a  severe  hydraulic  test  had  been 
applied  to  ascertain  its  safety  under  a  high 
pressure;  when  this  test'  was  applied,  the 
boiler  showed  defective  design.  It  became 
necessary  to  remove  nearly  all  of  the  brick 
setting,  and  greatly  strengthen  the  weak 
parts  before  a  boiler-insurance  company 
would  accept  it  This  shows  that  we  can- 
not be  too  careful  about  accepting  untried 
apparatus.  The  engineer  that  selected  this 
boiler  considered  that  he  was  getting  a  safe 
boiler,  because  a  number  of  them  were  in 
use  in  other  plants,  and  no  complaint  had 
been  made  about  them.  But  one  very 
important  point  had  been  entirely  over- 
looked: all  of  those  in  satisfactory  use  were 
operated  under  comparatively  low  pressure. 
When  one  of  them  was  tested  for  a  high 
pressure,  as  told  above,  it  fidled  ignomini- 
oualy.  I  think  that  the  point  will  be  j^n 
without  further  explanation. 

It  is  claimed  that  water-tube  boilers  will 
not  explode,  but  the  man  that  purchases  one 
of  them  and  places  it  in  charge  of  an  igno- 
rant and  careless  fireman,  runs  the  risk  of 
having  his  dream  of  security  rudely  dis- 
turbed. I  have  just  been  looking  at  the 
engraving  of  a  tube  about  4  inches  in  diam- 
eter that  became  overheated  and  burst. 
The  accompanying  text  informs  me  that  its 
failure  caused  but  little  delay,  and  $15  paid 
the  bill.  A  short  time  ago  I  examined  a 
section  of  a  4-inch  tube  that  had  burst  and 
caused  damage  to  the  amount  of  $5,000,  so 
that  the  exception  to  any  gena^  rule  is 
again  in  evidence. 

There  is  one  point  in  favor  of  purchasing 
internally  fired  boilers,  either  horizontal  or 
vertical.  With  these  it  is  possible  to  make 
the  shell  of  plates  thick  enough  to  with- 
stand any  reasonable  required  pressure, 
without  encountering  the  serious  objection 
of  externally  fired  boilers  being  so  thick  for 
very  high  pressures  that  heat  will  not  readily 
pass  through  them. 

I  have  already  referred  to  the  £ftct  that 
vertical  boilers  are  difficult  to  clean,  but 
this  is  partially  due  to  an  excessive  number 
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of  tubes  making  it  impossible  to  reach  all 
parts  of  the  lower  tube-sheet,  and  also  to  a 
lack  of  handholes  in  proper  places.  Fortu- 
nately, these  objections  can  be  overcome, 
but  on  general  principles  I  believe  that  it  is 
better  to  have  a  boiler  made  right  in  the 
shop  than  to  wait  until  it  has  been  used  a 
year  or  two,  and  partially  ruined,  and  then 
have  the  necessary  changes  made. 

There  is  at  least  one  defect  that  is  found 
in  both  vertical  and  horizontal  internally 
fired  boilers.  Below  the  level  of  the  grates 
there  are  places  where  the  water  stands  all 
day  without  circulation,  and  in  some  cases 
without  getting  warm  enough  to  bum  the 
hand.  Consequently,  mud  and  scale  collect 
at  these  points,  corrosion  gets  in  its  work, 
the  plates  and  staybolts  are  weakened,  and 
the  whole  structure  is  endangered.  The 
accumulation  of  scale  and  mud  may  be  par- 
tially overcome  in  vertical  boilers  by  laying 
a  chain  in  the  lower  part  of  the  water  leg. 
Whenever  the  boiler  is  washed  out,  this 
chain  is  drawn  back  and  forth  so  as  to 
loosen  up  the  sediment,  thus  making  it  pos- 
sible to  wash  it  out. 

In  horizontal  internally  fired  boilers,  it  is 
even  more  difficult  to  keep  the  water  leg, 
below  the  grates,  in  good  condition.  In 
some  places  where  these  matters  are  watched 
carefully,  a  pump  of  some  kind  is  employed 
to  take  water  out  of  the  leg  and  discharge 
it  into  the  upper  part  of  the  water  space,  in 
order  to  maintain  proper  cu*culaUon. 

A  few  weeks  ago  I  received  a  letter  from  a 
gentleman  in  one  of  our  Southern  states, 
telling  me  that  he  was  thinking  of  putting 
in  a  rather  complicated  type  of  water-tube 
boiler  to  fiimish  steam  for  his  saw  and  pla- 
ning mill,  asking  my  advice  on  the  subject, 
and  intimating  that  my  opinion  would 
have  some  weight.  I  could  not  claim  to  be 
familiar  with  all  of  the  conditions,  but 
visions  of  huge  piles  of  shavings,  sawdust. 


and  slabs  that  accumulated  after  enough 
had  been  used  to  make  all  the  steam  wanted, 
rose  before  me,  indicating  that  economy  of 
fuel  was  not  a  factor  in  the  case.  I  am 
quite  sure  that  the  boiler  in  this  place,  with- 
out regard  to  when  it  was  needed,  would  be 
cleaned  only  when  they  had  time  for  it;  in 
short,  that  the  usual  sawmill  practice  would 
prevail. 

For  such  service,  good  two-fine  boilers  are 
all  that  is  required,  for  they  will  make  steam 
if  enough  fuel  is  used.  When  cleaning-up 
time  comes,  every  part  may  be  reached  with 
the  pick  and  scraper,  little  effort  being 
required  to  clean  them  enough  to  prevent 
the  plates  from  being  burned.  Where  a 
plant  is  to  receive  good  care  and  there  is 
abundance  of  room,  the  horizontal  water- 
tube  boiler  of  approved  design  answeirs  very 
well,  and  I  believe  that  there  is  no  good 
reason  why  the  common  tubular  boUer  should 
not  be  used,  under  the  same  conditions. 

If  floor  space  is  very  valuable,  a  special 
form  of  water-tube  boiler  that  is  short  and 
high  may  be  used.  Or,  a  vertical  boiler  that 
is  not  Uterally  filled  with  tubes,  and  has 
handholes  enough  to  allow  it  to  be  thoroughly 
cleaned,  may  be  installed,  according  to  the 
choice  of  the  engineer. 

A  review  of  this  article  may  cause  some 
reader  to  conclude  that  there  are  objections 
to  every  kind  of  boiler.  So  there  are,  when 
a  boiler  is  installed  that  is  not  suitable  for 
the  location  and  the  conditions.  But,  by 
using  judgment,  a  boiler  adapted  for  almost 
any  given  location  and  given  set  of  condi- 
tions may  be  chosen.  If  the  selection  is 
made  haphazard,  there  are  many  chances 
for  trouble,  expense,  and  dissatisfaction. 
I  have  called  attention  to  some  of  the  points 
that  lead  to  trouble,  etc.,  so  that  the  reader, 
having  had  due  warning,  may  profit  by  the 
unpleasant  experiences  of  others  and  escape 
their  fate. 


ELECTRICAL   MACHINERY    IN    MINES. 


A  PAPER  recently  read  before  The  Insti- 
tution of  Mining  Engineers  of  London, 
by  Herr  Heise  and  Dr.  Theim,  gives 
the  results  of  a  valuable  and  extensive  series 
of  experiments  on  the  ignition  of  firedamp 
and  coal  dust  by  electricity.  The  series  of 
experiments  was  undertaken  to  determine 
whether  electrical  machinery  may  be  a 
source  of  danger  in  fiery  or  dusty  mines. 


From  the  experiments  it  appears  that,  under 
certain  conditions,  a  very  small  amount  of 
electrical  energy  is  sufficient  to  ignite  fire- 
damp; under  all  circumstances,  visible 
sparks  are  to  be  regarded  as  dangerous. 
With  the  classes  of  coal  dust  that  were 
experimented  on,  it  was  found  impossible 
to  cause  an  explosion  of  coal  dust  alone  by 
electricity. 


ELECTRICAL  STANDARDIZATION.* 

{ReptMiahed  bvpermittUm  qf  The  American  IndittUe  qf  Electrieal  Engineers.) 


The  tests  should  be  made  with  a  sine  wave 
of  E.  M.  F.,  or,  where  this  ii  not  available, 
at  a  voltage  giving  the  same  striking  distance 
between  needle  points  in  air  as  a  sine  wave 
of  the  specified  E.  M.  F.,  except  where  ex- 
pressly specified  otherwise.  As  needles,  new 
sewing  needles  should  be  used.  It  is  recom- 
mended to  shunt  the  apparatus  during  the 
test  by  a  spark  gap  of  needle  p<Hnts  set  for 
a  voltage  exceeding  the  required  voltage  by 
10  per  cent.  A  table  of  approximate  spark- 
ing distances  is  given  in  Appendix  V. 

38.  The  following  voltages  are  recom- 
mended for  apparatus  not  including  trans- 
mission lines  or  switchboards: 


and  the  core  should  be  in  accordance  with 
the  recommendation  in  Section  38,  for  simi- 
lar voltages  and  capacities. 

41.  When  machines  or  apparatus  are  to  be 
operated  in  series,  so  as  to  employ  the  sum  of 
their  separate  electromotive  forces,  the  volt- 
age should  be  referred  to  this  sum,  except 
where  the  frames  of  the  machines  are  sepa- 
rately insulated  both  from  ground  and  frt>m 
each  other. 

RBGULATION. 

42.  The  term  regulation  should  have  the 
same  meaning  as  the  term  *'  inherent  regula- 
tion,'' at  present  fr^uently  used. 

43.  The  regulation  of  an  apparatus  in- 


Bated  Terminal  Voltage. 


Not  exceeding  400  yolta 

Not  exceeding  400  volts 

400  and  over,  but  len  than  800  volta. 
400  and  over,  but  len  than  800  volts ... 
800  and  over,  but  less  than  1,200  volts 
1,200  and  over,  but  less  than  2,500  volts 

2,500  and  over 


Capacity. 

Under  10  K.  W 

10  K.  W.  and  over 

Under  10  K.W 

10  K.  W.  and  over 

Any   

Any   

Any    


Testing  Voltage. 


Synchronous  motor  fields  and  fields  of  converters  started  fh>m  the 
alternating-current  side 


1,000  volts. 
1.500  volts. 
1,500  volts. 
2,000  volts. 
3.500  volts.  I 

5,000  volts. 

f  Double  the  normal    ! 
(     rated  voltages. 


5,000  volts. 


Alternator  field  circuits  should  be  tested 
under  a  breakdown  test  voltage  correspond- 
ing to  the  rated  voltage  of  the  exciter,  and 
referred  to  an  output  equal  to  the  output  of 
the  alternator;  i.  e.,  the  exciter  should  be 
rated  for  this  test  as  having  an  output  equal 
to  that  of  the  machine  it  excites. 

Condensers  should  be  tested  at  twice  their 
rated  voltage  and  at  their  rated  fr^uency. 

The  values  in  the  table  above  are  effective 
values,  or  square  roots  of  mean  squares, 
reduced  to  a  sine  wave  of  E.  M.  F. 

39.  In  testing  insulation  between  different 
electric  circuits,  as  between  the  primary  and 
the  secondary  traneformers,  the  testing  volt- 
age must  be  chosen  corresponding  to  the 
high-voltage  circuit. 

40.  In  transformers  of  from  10,000  to 
20,000  volts,  it  should  be  considered  as  sufii- 
cient  to  operate  the  transformer  at  twice  its 
rated  voltage,  by  connecting  first  the  one 
and  then  the  other  terminal  of  the  high- 
voltage  winding  to  the  core  and  to  the  low- 
voltage  winding.  The  test  of  dielectric 
resistance  between  the  low-voltage  winding 

*  Concluded  from  the  November,  1899,  number. 


tended  for  the  generation  of  constant  poten- 
tial, constant  current,  constant  speed,  etc 
is  to  be  measured  by  the  maximum  variation 
of  potential,  current,  speed,  etc.  occurring 
within  the  range  from  full  load  to  no  load, 
under  such  constant  conditions  of  operation 
as  give  the  required  full-load  values,  the 
condition  of  full  load  being  considered  in  all 
cases  as  the  normal  condition  of  operation. 

44.  The  regulation  of  an  apparatus  in- 
tended for  the  generation  of  a  potential, 
current,  speed,  etc.  varying  in  a  definite 
manner  between  full  load  and  no  load,  is  to 
be  measured  by  the  maximum  variation  of 
potential  current,  speed,  etc.  from  the  satis- 
fied condition,  under  such  constant  con- 
ditions of  operation  as  give  the  required 
full-load  values. 

If  the  manner  in  which  the  variation  in 
potential,  current,  speed,  etc.  between  full 
load  and  no  load  is  not  specified,  it  should 
be  assumed  to  be  a  simple  linear  relation; 
i.  e.,  undergoing  uniform  variation  between 
full  load  and  no  load. 

The  regulation  of  an  apparatus  may,  there- 
fore, differ  according  to  its  qualification  for 
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use.  Thus,  the  reg^olation  of  a  oompoand- 
wonnd  generator  specified  as  a  constant- 
potential  generator  will  be  different  from 
that  which  it  possesses  when  specified  as  an 
oyeisx>mpoanded  generator. 

45.  The  regulation  is  given  in  percentage 
of  the  full-load  value  of  potential,  current, 
speed,  etc,  and  the  apparatus  i^ould  be 
steadUy  operated  during  the  test  under  the 
same  conditions  as  at  frill  load. 

46.  The  regulation  of  generators  is  to  be 
determined  at  constant  speed;  of  alterna- 
ting apparatus,  at  constant  impressed  fire- 
quency. 

47.  The  regulation  of  a  generator  unit, 
consisting  of  a  generator  united  with  a  prime 
mover,  should  be  determined  at  constant  con- 
ditions of  the  prime  mover;  i.  e.,  constant 
steam  pressure,  head,  etc.  It  would  include 
the  inherent  speed  variations  of  the  prime 
mover.  For  this  reason  the  regulation  of  a 
generator  unit  is  to  be  distinguished  from 
the  regulation  of  either  the  prime  mover 
or  of  the  generator  contained  in  it,  when 
taken  separately. 

48.  In  apparatus  generating,  transforming, 
or  transmitting  alternating  currents,  regula- 
tion should  be  understood  to  refer  to  non- 
inductive  load;  that  is,  to  a  load  in  which 
the  current  is  in  phase  with  the  E.  M.  F.  at 
the  output  side  of  the  apparatus,  except 
where  expressly  specified  otherwise. 

49.  In  alternating  apparatus  receiving  elec- 
tric power,  regulation  should  refer  to  a  sine 
wave  of  E.  M.  F.,  except  where  expressly 
specified  otherwise. 

50.  In  commutating  machines,  rectifying 
machines,  and  synchronous  machines,  as 
direct-current  generators  and  motors,  alter- 
nating-current and  polyphase  generators,  the 
regulation  is  to  be  determined  under  the 
following  conditions: 

(a)  At  constant  excitation  in  separately 
excited  fields;  (6)  with  constant  resistance 
in  shunt-field  circuits;  and  (c)  with  con- 
stant-resistance shunting  series-fields;  i.  e., 
the  field  adjustment  should  remain  con- 
stant, and  should  be  so  chosen  as  to  give 
the  required  fiill-load  voltage  at  full-load 
current. 

51.  In  constant-potential  machines,  the 
regulation  is  the  ratio  of  the  maximum 
difference  of  terminal  voltage  from  the  rated 
full-load  value  (occurring  within  the  range 
from  full  load  to  open  circuit)  to  the  full- 
load  terminal  voltage. 

52.  In  constant-current  machines,  the 
regulation  is  the  ratio  of  the  maximum  dif- 
ference of  current  from  the  rat(>d  full-load 


value  (occurring  within  the  range  from 
Aill  load  to  short  circuit)  to  the  frdl-load 
current. 

53.  In  constant-power  machines,  the  regu- 
lation is  the  ratio  of  maximum  difference 
of  power  frt)m  the  rated  full-load  value 
(occurring  within  the  range  of  operation 
specified)  to  the  rated  power. 

54.  In  over-compounded  machines,  the 
regulation  is  the  ratio  of  the  maximum  dif- 
ference in  voltage  from  a  straight  line  con- 
necting the  no-load  and  full-load  values  of 
terminal  voltage  as  function  of  the  current^ 
to  the  full-load  terminal  voltage. 

55.  In  constant-speed  continuous-current 
motors,  the  regulation  is  the  ratio  of  the 
maximum  variation  of  speed  from  its  frdl- 
load  value  (occurring  within  the  range  from 
full  load  to  no  load)  to  the  full-load  speed. 

56.  In  transformers,  the  regulation  is  the 
ratio  of  the  rise  of  secondary  terminal  volt- 
age from  full  load  to  no  load  (at  constant 
primary  impressed  terminal  voltage),  to  the 
secondary  terminal  voltage. 

57.  In  induction  motors,  the  regulation  is 
the  ratio  of  the  rise  of  speed  from  full  load 
to  no  load  (at  constant  impressed  voltage), 
to  the  full-load  speed.  The  regulation  of  an 
induction  motor  is,  therefore,  not  identical 
with  the  slip  of  the  motor,  which  is  the  ratio 
of  the  drop  in  speed  from  synchronism  to 
the  synchronous  speed. 

58.  In  converters,  dynamotors,  motor  gen- 
erators, and  frequency  changers,  the  regula- 
tion is  the  ratio  of  the  maximum  difference 
of  terminal  voltage  at  the  output  side  from 
the  rated  fiill-load  voltage  (at  constant 
impressed  voltage  and  at  constant  fre- 
quency), to  the  fiill-load  voltage  on  the  out* 
put  side. 

59.  In  transmission  lines,  feeders,  etc.,  the 
regulation  is  the  ratio  of  maximum  voltage 
difference  at  the  receiving  end,  between  no 
load  and  fiill  non-inductive  load,  to  the  full- 
load  voltage  at  the  receiving  end,  with  con- 
stant voltage  impressed  upon  the  sending 
end. 

60.  In  steam  engines,  the  regulation  is  the 
ratio  of  the  maximum  variation  of  speed  in 
passing  from  full  load  to  no  load  (at  constant 
steam  pressure  at  the  throttle),  to  the  full- 
load  speed. 

61.  In  a  turbine  or  other  water  motor,  the 
regulation  is  the  ratio  of  the  maximum 
variation  of  speed  from  full  load  to  no  load 
(at  constant  head  of  water;  i.  e.,  at  constant 
difference  of  level  between  tail-race  and 
head-race),  to  the  full-load  speed. 

62.  Variation   and   Pulsation. —  In    prime 
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movers  that  do  not  give  an  absolutely  uni- 
form rate  of  rotation  or  speed,  as  in  steam 
engines,  the  *' variation''  is  the  maximum 
angular  displacement  in  position  of  the 
revolving  member  expressed  in  degrees, 
from  the  position  it  would  occupy  with  uni- 
form rotation,  and  with  one  revolution  as 
360®;  and  the  pulsation  is  the  ratio  of  the 
maximum  change  of  speed  in  an  engine 
cycle  to  the  average  speed. 

63.  In  alternators  or  alternating-current 
circuits  in  general,  the  variation  is  the  maxi- 
mum difference  in  phase  of  the  generated 
wave  of  E.  M.  F.  from  a  wave  of  absolutely 
constant  frequency,  expressed  in  degrees, 
and  is  due  to  the  variation  of  the  prime 
mover.  The  pulsation  is  the  ratio  of  the 
maximum  change  of  frequency  during  an 
engine  cycle  to  the  average  frequency. 

64.  If  n  =  number  of  poles,  the  variation 

of  an  alternator  is  ^  times  the  variation  of 

its  prime  mover  if  direct-connected,  and 
^p  times  the  variation  of  the  prime  mover, 

if  rigidly  connected  thereto  in  the  velocity 
ratio  p, 

65.  The  pulsation  of  an  alternating-current 
circuit  is  the  same  as  the  pulsation  of  the 
prime  mover  of  its  alternator. 

RATING. 

66.  Both  electrical  and  mechanical  power 
should  be  expressed  in  kilowatts,  except 
when  otherwise  specified.  Alternating-cur- 
rent apparatus  should  be  rated  in  kilowatts 
on  the  basis  of  non-inductive  condition;  i.  e., 
with  the  current  in  phase  with  the  terminal 
voltage. 

67.  Thus  the  electric  power  generated  by 
an  alternating-current  apparatus  equals  its 
rating  only  at  non-inductive  load;  that  is, 
when  the  current  is  in  phase  with  the  ter- 
minal voltage. 

68.  Apparent  poorer  should  be  expressed 
in  kilovolt-amperes  as  distinguished  from 
real  power  in  kilowatts. 

69.  If  a  power  factor  other  than  100  per 
cent,  is  specified,  the  rating  should  be  ex- 
pressed in  kilovolt-amperes  and  power 
factor,  at  full  load. 

70.  The  full-load  current  of  an  electric 
generator  is  that  current  which  with  the 
rated  full-load  terminal  voltage  gives  the 
rated  kilowatts,  but  in  alternating-current 
apparatus  only  at  non-inductive  load. 

71.  Thus,  in  machines  in  which  the  full- 
load  voltage  differs  from  the  no-load  voltage, 
the  full-load  current  should  refer  to  the 
former. 


If  P  =  rating  of  an  electric  generator; 
E  =  full-load  terminal  voltage, 
then,  in  a  continuous-current  machine  or 
single-phase  alternator,  the  full-load  current  is 

in  a  three-phase  alternator, 

E\/S 
and  in  a  quarter-phase  alternator, 

^        2E' 

72.  Constant-current  machines,  such  as 
series  arc-light  generators,  should  be  rated 
in  kilowatts  based  on  terminal  volts  and 
amperes  at  full  load. 

73.  The  rating  of  a  fuse  or  circuit  breaker 
should  be  the  current  strength  at  which  it 
will  open  the  circuit,  and  not  the  working- 
current  strength 

74.  Classification  of  Voltages  and  Frequencies. 
In  direct-current,  low-tension  generators,  the 
following  average  terminal  voltages  are  in 
general  use  and  are  recommended:  125  volts, 
250  volts,  560  volts. 

75.  In  direct-current  and  alternating-cur- 
rent low-pressure  circuits,  the  following 
average  terminal  voltages  are  in  general  use 
and  are  recommended:  110  volts,  220  volts. 
In  direct-current  power  circuits,  for  railway 
and  other  service,  500  volts  may  be  con- 
sidered as  standard. 

76.  In  alternating-current  high-pressure 
circuits  at  the  receiving  end,  the  following 
pressures  are  in  general  use  and  are  recom- 
mended: 1,000  volts,  2,000  volts,  3,000  volts, 
6.000  volts,  10,000  volts,  15,000  volts,  20,000 
volts. 

77.  In  alternating-current  high-pressure 
generators,  or  generating  systems,  the  fol- 
lowing terminal  voltages  are  in  general  use 
and  are  recommended:  1,150  volts,  2,300 
volts,  3,450  volts.  These  pressures  allow  of  a 
maximum  drop  in  transmission  of  15  per 
cent,  of  the  pressure  at  the  receiving  end.  If 
the  drop  required  is  greater  than  15  per 
cent.,  the  generator  should  be  considered  as 
special. 

78.  In  alternating-current  circuits,  the  fol- 
lowing approximate  frequencies  are  recom- 
mended as  desirable:  25  (v  or  30  ow,  40<nj, 
60  -v,  120  'v  .♦  These  frequencies  are  already 
in  extensive  use  and  it  is  deemed  advisable 
to  adhere  to  them  as  closely  as  possible. 


*The  frequency  of  120  rv  may  be  considered  as 
covering  the  already  existing  oomm^cial  fre- 
quencies between  120 <>}  and  140  rv/,  and  the  fre- 
quency of  60  cv  as  covering  the  already  existing 
commercial  frequencies  between  60  c%j  and  70  cxj . 
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79.  Overload  Capacities. — All  gaaranteee  on 
heating,  regulation,  sparking,  etc.  should 
apply  to  the  rated  load,  except  where 
expressly  specified  otherwise,  and  in  alter- 
nating-current  apparatus  to  the  current  in 
phase  with  the  terminal  £.  M.  F.,  except 
where  a  phase  displacement  is  inherent  in 
the  apparatus. 

80.  All  apparatus  should  be  able  to  carry  a 
reasonable  overload  without  self-destruction 
by  heating,  sparking,  mechanical  weakness, 
etc.,  and  with  an  increase  of  temperature 
elevation  not  exceeding  15®  0.  above  those 
specified  for  full  loads.  See  Sections  25  to  31. 

81.  Overload  guarantees  should  refer  to 
normal  conditions  of  operation  regarding 
speed,  frequency,  voltage,  etc.,  and  to  non- 
inductive  conditions  in  alternating  apparatus, 
except  where  a  phase  displacement  is  inher- 
ent in  the  apparatus. 

82.  The  following  overload  capacities  are 
recommended: 

/.  In  direct-current  generators  and  alter- 
nating-current generators,  25  per  cent,  for  i 
hour. 

g.  In  direct-current  motors  and  synchro- 
nous motors,  25  per  cent,  for  i  hour,  50  per 
cent,  for  1  minute,  except  in  railway  motors 
and  other  apparatus  intended  for  intermit- 
tent service. 

S,  Induction  motors,  25  per  cent,  for  i 
hour,  50  per  cent,  for  1  minute. 

4.  Synchronous  converters,  50  per  cent, 
for  i  hour. 

5.  Transformers,  25  per  cent,  for  i  hour; 
except  in  transformers  connected  to  appa- 
ratus for  which  a  different  overload  is  guar- 
anteed, in  which  case  the  same  guarantees 
shall  apply  .for  the  transformers  as  for  the 
apparatus  connected  thereto. 

6.  Exciters  of  alternators  and  other  syn- 
chronous machines,  10  per  cent,  more  over- 
load than  is  required  for  the  excitation  of 
the  synchronous  machine  at  its  guaranteed 
overload,  and  for  the  same  period  of  time. 

Appendix  I. 

EFFICIENCY. 

Efficiency  of  Phase- Displacing  Apparatus. 
In  apparatus  producing  phase  displacement, 
as,  for  example,  synchronous  compensators, 
exciters  of  induction  generators,  reactive 
coils,  condensers,  polarization  cells,  etc.,  the 
efficiency  should  be  understood  to  be  the 
ratio  of  the  volt-ampere  activity  to  the  volt- 
ampere  activity,  plus  power  loss. 

The  efficiency  may  be  calculated  by  deter- 
mining the  losses  individually,  adding  to 
them  the  volt-ampere  activity,  and  then 
dividing  the  volt-ampere  activity  by  the  sum. 


/.In  synchronous  compensators  and  excit- 
ers of  induction  generators,  the  determination 
of  losses  is  the  same  as  in  other  synchronous 
machines  under  Sections  10  and  11. 

g.  In  reactive  coils,  the  losses  are  molecular 
friction,  eddy  losses,  and  Pr  loss.  They 
should  be  measured  by  wattmeter.  The 
efficiency  of  reactive  coils  should  be  deter- 
mined with  a  sine  wave  of  impressed  E.  M.  F. , 
except  where  expressly  specified  otherwise. 

S.  In  condensers,  the  losses  are  due  to 
dielectric  hysteresis  and  leakage,  and  should 
be  determined  by  wattmeter  with  a  sine  wave 
of  E.  M.  F. 

4*  In  polarization  cells,  the  losses  are  those 
due  to  electric  resistivity  and  a  loss  in  the 
electrolyte  of  the  nature  of  chemical  hyster- 
esis and  are  usually  very  considerable.  They 
depend  on  the  frequency,  voltage,  and  tem- 
perature, and  should  be  determined  with 
a  sine  wave  of  impressed  E.  M.  F.,  except 
where  expressly  specified  otherwise. 

Appendix  II. 

Apparent  Efficiency.— In  apparatus  in  which 
a  phase  displacement  is  inherent  to  their  oper- 
ation, apparent  efficiency  should  be  under- 
stood as  the  ratio  of  net  power  output  to 
volt-ampere  input 

Such  apparatus  comprise  induction  motors, 
reactive  synchronous  converters,  synchro- 
nous converters  controlling  the  voltage  of  an 
alternating-current  system,  self -exciting  syn- 
chronous motors,  potential  regulators,  and 
open  magnetic  circuit  transformers,  etc. 

Since  the  apparent  efficiency  of  appara- 
tus generating  electric  power  depends  on 
the  power  factor  of  the  load,  the  apparent 
efficiency,  unless  otherwise  specified,  should 
be  referred  to  a  load  power  flactor  of  unity. 

Appendix  III. 

Power  Factor  and  Inductance  Factor, — The 
power  factor  in  alternating  circuits  or  appa- 
ratus may  be  defined  as  the  ratio  of  the  elec- 
tric power,  in  watts,  to  volt-amperes. 

The  inductance  factor  is  to  be  considered 
as  the  ratio  of  wattless  volt-amperes  to  total 
volt- amperes. 

Thus,  if  p  =  power  factor  and  q  =  induct- 
ance factor,  then 

p'-{-q'  =  1. 
The  power  factor  = 
enenry  component  of  current  or  E.  M.  F. 
total  current  or  E.  M.  F,  * 

and  the  inductance  factor  = 

wattless  component  of  current  or  E.  M.  F. 
total  current  or  E.  M.  F. 
_     true  power 
~  volt-amperes* 


52b 


A  GOOD  TIN  ROOF. 


Since  the  power  factor  of  apparatus  sapply- 
iDg  electric  i>ower  depends  upon  the  power 
&ctor  of  the  load,  the  power  factor  of  the 
load  should  be  considered  as  unity,  unless 
otherwise  specified. 

Appendix  IV, 

The  following  notation  is  recommended: 

Ey  e,  voltage,  E.  M.  F.,  potential 

difference. 
/,  if  current. 
-P,  power. 
4>,  magnetic  fiux. 
B,  magnetic  density. 
R,  r,  resistance. 
X,  X,  reactance. 
Z,  z,  impedance. 
Lf  I,  inductance. 
Cf  c,  capacity. 
Vector  quantities  when  used  should  be 
denoted  by  capital  italics. 

Appendix  V. 
The  following  is  a  table  of  sparking  dis- 
tances in  air  between  opposed  sharp  needle 


points,  for  various  effective  sinusoidal  volt- 
ages, in  inches  and  in  centimeters: 

r 


Kllovolta: 

'                  Distance. 

Square  Root  of 
Meftn  Square. 

Inchef. 

'  Centlm^en. 

5 

0.225 

1 

0.67 

10 

0.47 

1.19 

16 

0.725 

1.84 

20 

1.0 

2.54 

26 

1.8 

8.8 

30 

1.626 

4.1 

36 

2.0 

5.1 

40 

2.45 

6.2 

46 

2.06 

7.5 

50 

3.55 

9.0 

60 

4.66 

11.8 

70 

5.85 

1           14.9 

80 

7.1 

18.0 

90 

8.86 

21.2 

100 

9.6 

24.4 

110 

10.75 

27.3 

120 

11.85 

1           80.1 

ISO 

12.96 

32.9 

140 

13.95 

35.4 

160 

15.0 

38.1 

1 
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THERE  is  a  great  hue  and  cry  these  days 
against  the  short-lived  tin  roof,  and  if 
architects,  builders,  and  tinners  do  not 
see  to  it,  the  tin  roof  will  soon  be  a  thing 
of  the  past.  The  tendency  of  the  times 
appears  to  be  ''  lots  of  expensive  style  inside 
and  a  cheap  roof  to  cover  it."  There  was  a 
time  when  we  could  get  real  good  and  durable 
tin  roofs,  but  it  seems  difficult  to  secure  one 
now.  This  may  be  due  to  keen  competition, 
or  it  may  be  due  simply  to  a  lack  of  interest 
shown  by  architects  and  builders. 

A  tin  roof  is  not  as  good  as  a  copper  one, 
but  a  good  tin  roof  is  certainly  worth  the 
money  spent  on  it.  In  order  to  obtain  a 
good  tin  roof  it  is  advisable  that  the  archi- 
tect and  builder  should  know  what  consti- 
tutes such  a  roof.  For  their  special  benefit 
we  present  the  following  facts,  which  we 
hope  will  be  of  value  to  our  readers: 

Manufacture  of  Tin  Plates. — ^These  plates, 
although  we  call  them  tin  plates,  are  really 
steel  plates,  for  they  are  made  of  steel  and 
are  only  coated  with  tin,  or,  perhaps,  with  a 
mixture  of  lead  and  tin,  to  preserve  them. 
When  the  plates  are  coated  with  tin  alone, 
they  are  known  as  tin  plates,  and  when 
coated  with  a  mixture  of  lead  and  tin  are 
known  as  teme. 


The  original  method  of  manufacture  was 
to  dip  the  plates  into  the  melted  covering 
material,  allowing  the  sheets  to  take  on  all 
the  coating  that  was  possible.  Many  of  the 
best  grades  of  roofing  are  made  by  this 
process  today.  Another  process  is  known 
as  the  *'  patent  roller  process,''  by  which  the 
plates  are  put  into  a  bath  of  molten  covering 
material  and  then  passed  throijgh  between 
iron  rolls.  The  pressure  on  the  rolls  leaves 
on  the  plates  a  thickness  of  coating  that  is 
determined  by  the  distance  the  rolls  are 
apart,  and  the  thickness  of  the  sheet  steel. 
The  rolls  can  be  adjusted  to  squeeze  off 
nearly  all  the  coating,  or  to  leave  it  on,  just 
as  the  manufacturer  sees  fit,  and  just  as  the 
trade  will  accept  or  reject  the  material.  If 
architects  would  try  the  thickness  of  the  tin 
coating  before  allowing  tin  to  be  laid  on  the 
roofs,  and  condemn  all  thin-coated  and 
otherwise  imperfect  material,  manuftuiturers 
would  keep  their  rolls  a  little  faither  apart 
in  the  future  than  they  have  been  doing  in 
the  past.  It  would  be  an  excellent  leeson 
for  many  of  the  cheap  tin  manufieu^turers  if 
the  greater  part  of  their  goods  were  shipped 
back  labeled:  found  wanting  and  reeded. 

The  thickness  of  the  coating  determines 
the  value  of  roofing  plates,  for  it  is  the 
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protection  of  the  easily  corroded  steel  that 
underlies  it.  When  the  protecting  coating 
is  worn  off  the  steel  plate,  and  the  weather 
acts  on  the  steel,  holes  become  rosted 
through  the  roofing  in  a  few  months.  In 
like  manner,  Yai>or8  in  contact  with  the 
inside  of  a  tin  roof  soon  work  their  way 
through  a  skinny  surface  of  lead  and  tin, 
and  thus  corrode  the  roof  from  the  inside. 
Many  a  roof  is  ''  pin-holed  **  from  the  under 
side  and  appears  in  perfect  condition  on  the 
outside,  because  of  the  red  paint  that  pro- 
tects it;  but  the  pin  holes  are  there  just 
the  same,  and  they  are  growing  larger  all 
the  time. 

Some  technical  books  tell  us  that  the  best 
way  to  test  roofing  tin  is  to  double  it  over, 
then  with  a  hammer  flatten  it  to  a  certain 
radius.  Next  bend  it  backwards  and  for- 
wards until  the  plate  breaks,  and  examine 
the  frtu;ture.  Then  pass  judgment  on  the 
quality  of  the  roof 
covering  by  the  tenac- 
ity of  the  steel.  This 
is  all  nonsense,  and 
any  sensible  man 
knows  it,  for  the 
tenacity,  malleability, 
or  ductility  of  the  steel 
has  very  little  to  do 
with  the  durability  of 
a  tin  roof. 

The  protective  coat- 
ing alone  is  the  factor 
that  determines  its 
life.  Scientific  tests  of 
tin  are  not  required. 
All  that  the  architect 
and  builder  has  to  do 
is  to  take  his  knife,  run  it  over  the  surface, 
and  peel  off  the  covering,  as  shown  in  the 
figure.  If  he  is  not  blind  he  will  be  able  to 
see  the  thickness  of  the  metal.  Just  try 
that  experiment  yourself.  Go  into  the 
nearest  tin  shop,  ask  for  two  pieces  of 
scrap  tin — one  a  sample  of  the  very  cheap- 
est in  the  shop,  and  the  other  a  sample 
of  the  most  expensive — scrape  them  and 
judge  for  yourself  the  difference  between 
the  quality  and  thickness  of  the  two  coat- 
ings. It  is  very  important  that  the  thickness 
of  the  coating  should  be  tested  before  the 
tin  is  allowed  to  go  on  a  roof,  for  the  tight- 
ness and  durability  of  the  roof  covering  are 
just  as  important  as  the  doors  and  windows 
of  a  house. 

Brands. — There  are  different  brands  of  roof- 
ing plates  in  the  market  at  present.  Some 
are    "double-coated,*'    some    "redipped,*' 
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others  "double-dipped,''  etc;  but  these 
terms  are  somewhat  misleading.  If,  how- 
ever, redipped  means  dipping  a  second  time, 
and  does  not  really  say  whether  the  second 
dip  is  made  in  melted  tin,  or  tallow,  then 
redipping  or  double-dipping  are  correct  ex- 
pressions. And  if  double-coated  means  one 
coat  of  tin  and  one  coat  of  oil  on  top  of  that, 
then  this  expression  is  also  correct.  It  is 
claimed  that  it  is  impossible  for  any  plate  to 
take  on  more  metal  than  adheres  to  it  by 
one  dipping,  and  that  no  plate  can  have 
its  coating  increased  in  thickness  by  being 
redipped.  This  is  claimed  by  good  authority, 
and  if  it  is  so,  wherein  lies  the  value  of  these 
catchy  expressions? 

We  have  said  that  the  durability  of  the 
roof  depends  on  the  protecting  coating 
only,  and  this  is  correct  if  the  steel  under- 
neath is  perfect;  but  sometimes  it  happens 
that  steel  plates  are  not  perfect,  and  then 

the  durability  of  the 
roof  depends,  to  agreat 
extent,  on  the  imper- 
fections in  the  steel. 
To  avoid  trouble  from 
this  source  of  danger, 
the  very  best  manu- 
facturers in  the  coun- 
try have  an  assorting 
department,  where  the 
defective  sheets  are 
picked  out  and  sepa- 
rated from  the  good 
ones.  There  are,  of 
course,  in  the  manu- 
facture  of  roofing 
plates,  imperfect 
sheets,  such  as  sheets 
with  blisters,  broken  comers,  cracks,  and 
other  fiaws.  All  these  sheets  are  called 
"  wasters.*'  These  are  packed  by  themselves, 
the  boxes  containing  IC  sheets  being  marked 
"ICW,**  and  those  containing  IX  sheets, 
*  *  IX  W. ' '  Wasters  are  always  sold  at  prices 
considerably  lower  than  the  "primes,"  or 
perfect  sheets,  of  the  same  brand,  and  it 
behooves  all  people  that  pay  for  tin  roofs  to 
look  out  for  the  wasters  if  they  want  to  get  a 
good  job. 

Sizf%  of  Sheets. — There  are  two  regular  sizes 
of  roofing  plates,  namely,  20  in.  X  28  in.  and 
14  in.  X  20  in.  The  large  size  is  generally 
used  on  common  work,  from  the  fact  that  it 
requires  fewer  seams  on  the  roof,  and,  con- 
sequently, cheapens  the  cost  of  laying.  A 
third  size,  namely,  10  in.  X  20  in.,  is  also 
supplied,  and  is  used  generally  for  gutters 
and  leader  pipes. 
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Thickness. — ^There  are  two  thickneeses  of 
roofing  plates  that  are  commonly  recognized. 
One  is  10,  which  is  No.  29  gauge  and  weighs 
9  ounces  to  the  square  foot;  and  the  other 
is  IX,  or  No.  27  gauge,  which  weighs  10 
ounces  to  the  square  foot.  Sometimes  a  still 
heavier  plate  is  called  for,  and  it  is  therefore 
kept  in  stock  by  the  best  manufacturers. 
This  plate  is  known  as  IXX,  or  No.  26 
gauge,  which  is  used  for  specially  heavy 
work. 

Weights. — ^The  net  weight  per  box  of  10 
W^  X  20^^  roofing  tin  used  to  be  112  pounds, 
or  1  pound  per  sheet,  making  112  sheets  to 
the  box.  This  was  the  old  standard,  but 
now  it  is  reduced,  by  competition,  and  the 
desire  for  cheapness,  to  108  pounds,  which 
today  is  the  standard  net  weight  per  box. 
It  is  rumored,  however,  and  by  good  author- 
ity, too,  that  some  plates  are  being  sold  that 
weigh  very  little  more  than  90  pounds  per 
box.  To  architects,  builders,  and  roofers 
again  we  say,  ''  look  out  if  you  want  a  good 
job." 

The  old  standard  for  IX  plates  used  to  be 
140  pounds,  net,  per  box,  but  very  few 
brands,  we  are  sorry  to  say,  now  weigh  more 
than  135  pounds  per  box.  The  most  reliable 
manufacturers  guarantee  the  weights  for  the 
different  boxes,  and  if  the  boxes  do  not  come 
up  to  the  guaranteed  weight,  then  they  can 
be  shipped  back.  These  manufacturers  will 
make  good  the  loss,  if  any,  but  manufacturers 
who  guarantee  the  weights  of  the  boxes  do 


not  require  to  have  them  sent  back,  for  they 
are  usually  as  good  as  their  guarantee — ^that 
•  is,  they  give  full  weight. 

There  has  been  so  much  cheap  tin  sold 
under  false  names,  or  used  on  jobs  by  tinners 
on  the  *' just-as-good  "  system,  that  reputable 
manufacturers  decided  to  stamp  their  prod- 
ucts, and  now  architects  and  builders  will 
find  that  the  best  sheets  on  the  market  today 
are  stamped  with  the  mark  of  the  brand,  and 
with  the  designation  of  the  thickness  10  or 
IX.  In  fact,  as  a  further  protection,  every 
box  put  out  by  certain  manufacturers  con- 
tains slips  bearing  the  guarantee  and  the 
name  of  the  assorter.  Of  course,  this  does 
not  mean  that  a  stamped  roofing  plate  is 
necessarily  a  good  one — oh  no,  for  it  is  as 
simple  a  matter  to  stamp  defective  plates  as 
perfect  plates.  But^  the  stamp,  together  with 
the  reputation  of  the  manufitcturer  making 
the  guarantee,  tells  the  tale. 

When  first-class  manufacturers  come  for- 
ward with  this  voluntary  system  of  protect- 
ing property  owners  and  architects,  as  de- 
scribed above,  it  is  only  fair  that  the  latter 
should  give  the  matter  some  consideration, 
and  be  careful  to  specify  explicitly  the  kind 
of  roofing  plates  they  want.  It  is  not  suffi- 
cient for  specifications  to  simply  require 
'*  stamped  sheets,''  but  the  actual  net  weight 
of  the  plates  contained  in  the  boxes,  together 
with  other  particulars,  should  be  specified, 
so  as  to  overcome  the  liability  of  defective 
sheets  working  their  way  in  on  the  job. 
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IT  IS  necessary  to  use  platinum  for  the 
leading-in  wires  of  incandescent  lamps 
for  the  reason  that  platinum  is  the 
only  conductor  that  has  the  same  coefficient 
of  expaneion  as  glass.  If  other  metals  are 
used,  they  do  not  expand  at  the  same  rate 
as  the  glass  when  the  lamp  warms  up,  and 
the  result  is  that  cracks,  or  openings,  occur 
at  the  point  where  the  leading-in  wires  are 
sealed  in,  thus  admitting  air  and  destroying 
the  vacuum.  Many  attempts  have  been 
made  to  discover  some  alloy  that  would  be 
much  cheaper  than  platinum  and  serve  the 
purpose  equally  well,  but  so  far  none  of 
these  alloys  seem  to  have  proved  successful. 
A  new  alloy  has  been  brought  out,  in  France, 
by  L.  0.  Dumas,  and  it  is  claimed  that  this 
alloy  has  almost  exactly  the  8ame  coefficient 


of  expansion  as  glass.  It  is  said  to  consist 
of  an  alloy  of  45  per  cent  of  nickel  with 
55  per  cent,  of  steel,  though  the  composition 
of  the  steel  is  not  stated.  Such  an  alloy 
would  be  very  useful,  as  it  would  render 
lamp  manufacturers  independent  of  the  use 
of  platinum,  which  is  a  scarce  and  valuable 
metal.  The  amount  of  platinum  used  in  a 
modem  incandescent  lamp  is,  however,  very 
small,  so  that  it  cannot  be  expected  that  the 
reduction  in  the  cost  of  lamps  will  be  as 
great  as  some  people  seem  to  imagine. 

Such  an  alloy  would  also  be  very  useful  in 
the  construction  of  X-ray  tubes,  or,  in  fact, 
in  any  place  where  it  is  necessary  to  carry  a 
conductor  through  glass.  It  is  to  be  hoped 
that  this  new  material  will  be  capable  of 
doing  the  work  claimed  for  it. 
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Fervent  in  doing  well,  with  every  nerre 
Still  preMing  on,  forget  Ail  of  the  pact. 
And  panting  for  perfection. 

— Thomson. 


In  November,  1684,  Halley,  having  re- 
ceived the  promised  communication  from 
Newton,  made  a  second  journey  to  Cam- 
bridge, and  strongly  urged  Newton  to  allow 
the  work  on  which  he  was  then  engag^ 
to  be  entered  on  the  register  of  the  Royal 
Society,  in  order  that  his  priority  in  the 
discoveries  might  never  afterwards  be  called 
in  question.  Accordingly,  a  paper  by  New- 
ton entitled  Fropogitiones  De  Motu  ("Prop- 
ositions Concerning  Motion'')  was  entered 
on  the  register  of  the  Royal  Society,  and 
produced  at  their  meeting  of  December  10. 
This  paper  is,  in  fact,  the  manuscript  of  the 
lectures  Newton  delivered  during  that  term 
in  the  University,  and  contains  the  germ  of 
his  Principia.  This  paper  is  of  great  value 
to  the  mathematical  antiquary,  but  is  not  of 
the  same  interest  to  the  general  reader, 
because  the  same  ground  is  covered  more 
thoroughly  in  the  Principia;  we  shall,  there- 
fore, give  no  account  of  the  three  definitions, 
four  hypotheses  or  assumptions,  two  lemmas, 
and  eleven  propositions  of  which  it  consists, 
but  proceed  at  once  to  speak  of  the  Principia, 
which  is  universally  ranked  as  one  of  the 
greatest  classics  in  the  literature  of  science, 
and  which,  in  England,  has  been  read  and 
admired  by  the  weaver  at  his  loom  as  well 
as  by  the  student  in  his  chamber. 

As  soon  as  the  end  of  the  University  term 
relieved  Newton  from  the  active  duties  of 
his  chair,  he  began  the  preparation  of  the 
work  he  had  promised  to  the  Royal  Society 
— then  referred  to  as  Propomiiones  De  Motu, 
but  now  known  as  the  Principia.  It  would 
be  a  mistake  to  suppose  that  the  discoveries 
embodied  in  the  Principia  were  already 
made,  and  that  the  task  before  him  was 
merely  to  write  out  the  propositions  with 
their  demonstrations.  Even  at  this  period 
he  had  no  idea  of  the  magnitude  and  com- 
pleteness of  the  work  he  was  about  to  do, 
and  he  supposed  that  the  promised  treatise 
would  be  little  more  than  an  amplification 
of  the  Propogiiiones  De  Motu.  As  early  as  Feb- 
ruary, 1685,  he  complained  that  the  work 
had  occupied  more  time  than  he  expected, 


and  much  of  it  to  no  purpose.  As  he  pro- 
ceeded with  the  work,  the  subject  opened 
more  and  more  to  him,  and  he  delayed  the 
publication  in  order  more  thoroughly  to 
investigate  certain  questions.  The  Principia 
was  completed  in  less  than  two  years,  and  the 
time  actually  occupied  in  its  composition 
was  not  more  than  a  year  and  a  half. 

It  is  hardly  possible  for  ordinary  men  to 
realize  how  completely  Newton  concentrated 
his  mind  upon  his  investigations  during  these 
two  years  of  ceaseless  thinking  and  calcula- 
ting; he  says  himself  that  his  discoveries 
were  made  by  constantly  thinking  of  the 
subject,  and  brooding  over  it  till  the  first 
dawnings  opened  slowly  into  a  full  and  clear 
light  This  great  work  required  not  only 
transcendent  genius,  but  the  greatest  strength 
of  will  and  steadiness  of  purpose;  and  the 
lines,  quoted  at  the  head  of  this  article,  from 
the  poem  on  Newton's  death,  seem  to  us 
singularly  graceful  and  appropriate.  During 
the  preparation  of  the  Principia,  Newton 
was  so  completely  absorbed  in  meditation 
that  his  mind  appears  to  have  been  almost 
oblivious  of  his  body;  the  most  extraordinary 
stories  of  his  absent-mindedness  at  this  period 
are  vouched  for  by  unimpeachable  authori- 
ties. It  was  not  unusual  for  him  to  spend  a 
large  part  of  the  day,  half-dressed,  on  the 
side  of  his  bed;  and  his  servant  had  to  exer- 
cise constant  watchfulness  to  compel  him  to 
take  sufficient  food.  On  one  occasion.  Dr. 
Stukeley,  making  a  call,  found  Newton's 
dinner  upon  the  table,  covered  up  to  keep 
it  warm  till  he  could  be  induced  to  come 
to  the  table;  the  doctor  lifted  the  cover,  ate 
the  chicken,  and  replaced  the  cover  over  the 
bones.  A  little  later  Newton  came  into  the 
room,  and,  after  exchanging  the  customary 
compliments  with  Dr.  Stukeley,  sat  down  to 
dinner;  when  he  uncovered  the  bones,  he 
remarked,  **  I  thought  I  had  not  dined,  but 
I  find  I  have." 

The  work  produced  by  such  Herculean 
labor  is  at  once  a  profound  treatise  on 
mechanics,  and  a  compendium  of  great  dis- 
coveries in  physical  astronomy;  it  abounds 
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in  beaatifiil  and  powerful  mathematical 
artifices  applied  to  the  moat  interesting 
problems  of  dynamics.  The  fundamental 
principles  of  mechanics  that  were  first 
clearly  stated  and  established  in  the  Prin- 
cipia  are  of  vital  importance  in  the  most 
practical  as  well  as  in  the  most  theoreticid 
departments  of  science.  It  cannot  &il,  there- 
fore, to  be  interesting  to  describei  as  clearly 
as  may  be  without  the  use  of  mathematics, 
the  scope  and  method  of  this  great  book. 

In  the  preface  to  the  first  edition,  Newton 
sets  forth  the  object  of  the  work,  and 
explains  that  it  is  entitled  ''The  Mathe- 
matical Principles  of  Natural  Philosophy," 
because  *'all  the  difficulty  of  philosophy 
seems  to  consist  in  this — ^from  the  phe- 
nomena of  motions  to  investigate  the  forces 
of  nature,  and  then  from  these  forces  to 
demonstrate  the  other  phenomena. ' '  Accord- 
ingly, the  first  and  the  second  book  of  the 
Principia  are  devoted  to  the  discussion  of 
the  laws  of  force  and  motion,  and  constitute 
a  treatise  on  what,  in  English  books,  ia 
commonly  called  the  science  of  dynamicSf  but 
is  more  properly  styled  kinetics.  In  the 
third  book  these  laws  are  applied  to  explain 
the  phenomena  of  the  solar  system. 

The  first  book  is  taken  up  with  the  discus- 
sion of  the  motion  of  particles  and  of  bodies 
in  free  space,  that  is,  in  space  that  is  not 
occupied  by  any  resisting  medium.  In  the 
second  book  he  treats  of  motion  in  a  resist- 
ing medium, 'of  hydrostatics,  and  of  hydro- 
dynamics. In  the  last  section  of  the  second 
book,  it  is  shown  that  the  Cartesian  vortex 
theory  is  inconsistent  with  observed  fiEU^ 
and  with  the  laws  of  motion.  The  first  and 
the  second  book  both  bear  the  subheading 
De  Motu  Corporum  ( ''Concerning  the  Motion 
of  Bodies").  The  third  book,  which  con- 
tains the  applications  to  astronomy,  is 
entitled  De  SystemcUe  Mundi  ("Concerning 
the  System  of  the  World  " ).  In  the  begin- 
ning of  this  book  he  says:  "  I  had  indeed 
composed  the  third  book  in  a  popular  man- 
ner, that  it  might  be  read  by  the  many; 
but  afterwards,  considering  that  such  as 
had  not  sufficiently  entered  into  the  princi- 
ples could  not  easily  discern  the  strength  of 
the  consequences,  nor  lay  aside  the  preju- 
dices to  which  they  had  been  many  years 
accustomed,  therefore,  to  prevent  disputes 
that  might  be  raised  on  such  accounts,  I 
chose  to  reduce  the  substance  of  this  book 
to  propositions,  in  the  mathematical  way, 
which  should  be  read  by  those  only  that 
had  mastered  the  principles  established  in 
the  preceding  books." 


In  1728  there  was  published  in  London 
a  book  with  the  title  "A  Treatise  of  the 
System  of  the  World.  By  Sir  Isaac  Newton." 
This  professed  to  be  a  translation  of  the 
popular  work  to  which  allusion  is  made  in 
^  the  extract  quoted  above;  the  original  Latin 
was  published  in  1731.  It  appears  highly 
probable  that  this  book  is  spurious,  and  that 
it  was  concocted  by  some  unscrupulous  pub- 
lisher as  soon  as  Newton  was  dead  and  oodd 
not  disown  it.  In  confirmation  of  this  sus- 
picion, it  may  be  noticed  that  it  appeared 
without  the  name  of  any  editor,  and  without 
any  allusion  to  Newton's  recent  death;  and 
it  ii  utterly  inconsistent  with  what  is  known 
of  Newton's  character  that  he  should  im- 
agine, as  stated  in  this  alleged  treatise  of 
his,  tiiat  the  central  fire  in  Numa's  temple 
of  Vesta  was  intended  to  symbolize  the  sun 
as  the  center  of  the  solar  system,  in  accord- 
ance with  the  Copemican  theory. 

Since  the  laws  of  motion  can  be  expressed 
only  in  terms  of  space  and  number,  mechan- 
ics is  necessarily  a  mathematical  science;  it 
is  utterly  absurd  to  pretend  that  there  can 
be  any  useful  science  of  mechanics  that  is 
not  based  upon  mathematics.  The  science 
of  mechanics  must  be  developed  by  mathe- 
matical reasoning,  and  the  only  question  ii 
whether  the  mathematics  employed  shall  be 
purely  geometrical,  purely  analytical,  or 
partly  analytical  and  partly  geometricaL  In 
the  geometrical  method,  geometrical  magni- 
tudes are  not  represented  by  algebraic  sym- 
bols, and  all  numbers,  such  as  those  that 
measure  time  and  force,  are  represented  by 
spaces.  In  the  analytical  method,  on  the 
other  hand,  all  quantities  including  geomet- 
rical magnitudes  are  represented  by  algebraic 
symbols;  this  method  is  ten  more  powerful 
and  fertile  in  results  than  the  geometrical, 
and  since  the  time  of  Euler,  mechanical 
science  has  been  predominantly  analytical. 

Euler  and  Lagrange  and  many  other 
eminent  men  relied  almost  exclusively  on 
symbolical  methods  in  the  solution  of 
mechanical  problems,  and  did  not  pretend 
to  be  able  to  explain  the  meaning  of  every 
step  in  the  investigation.  On  the  other 
hand,  Newton,  at  every  step  in  an  investi- 
gation, had  the  aim  and  purpose  of  his 
operations  clearly  before  his  eyes;  hence,  it 
happens  that  the  solution  of  a  problem  by 
Newtonian  methods  frequently  gives  a 
clearer  view  of  its  meaning  and  the  prin- 
ciples underlying  it  than  the  solution  of  the 
same  problem  by  the  methods  of  Euler  or 
Lagrange  would  give.  But  as  Euler  him- 
self points  out,  it  is  more  difficult  to  apply 
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Newtonian  methods  to  new  problems.  Even 
when  Newton  had  arrived  at  his  discovmes 
analytically,  he  preferred  to  employ  geo- 
metrical methods  in  the  exposition  of  them, 
and,  therefore,  the  demonstrations  in  his 
Prindpia  are  very  largely  geometrical. 

Besides  his  personal  preference,  Newton 
had  another  motive  for  adopting  geometrical 
methods  in  the  Principia;  many  of  the 
theorems  had  been  obtained  by  the  calculus 
of  fluxions  (differential  and  int^;ral  cal- 
culus), and  be  was  unwilling  to  put  forth 
startling  physical  discoveries  supported  by 
demonstrations  based  on  a  new  and  un- 
known calculus.  All  questions  relating  to 
quantities  that  can  increase  or  diminish  only 
by  definite  amounts  are  treated  by  the 
methods  of  ordinary  arithmetic  and  alge- 
bra. Such  quantities  are  called  discrete  quan- 
tities; for  example,  a  pile  of  cannon  balls  is 
a  discrete  quantity,  because  it  cannot  be 
increased  by  any  smaller  amount  than  one 
ball  at  a  time.  But  a  period  of  time  does 
not  increase  from  five  hours  to  ten  hours  by 
the  successive  addition  of  any  finite  interval, 
as  an  hour,  a  minute,  or  a  second;  quanti- 
ties of  this  kind  are  said  to  be  (xmtmuous. 
Problems  relating  to  continuous  quantity 
can  be  treated  analytically  only  by  using 
something  equivalent  to  the  calculus  of 
fluxions;  when  treated  geometrically,  these 
problems  are  reduced  to  drawing  a  tangent 
to  a  curve,  flnding  the  length  of  an  arc  of 
a  curve,  finding  the  area  of  a  curvilinear 
figure,  or  some  such  geometrical  problem. 
Before  the  time  of  Newton,  geometers  had 
employed  two  methods  in  attempting  the 
solutions  of  such  problems;  the  ancient 
Greeks  had  used  the  method  of  exhaustions^ 
and  the  mathematicians  of  the  seventeenth 
century  used  the  method  of  indivisibles. 

The  method  of  exhaustions  is  attributed 
to  Eudoxus  (408  B.  C),  an  Athenian  mathe- 
matician; it  depends  on  the  principle  that 
if  from  the  greater  of  two  quantities  there  be 
taken  aivay  more  tluin  its  lialfy  and  from  the 
remainder  more  than  its  half^  and  so  on^  there 
will  ultimately  remain  a  magnitude  less  than  the 
smaller  of  the  two  original  magnitudes.  Euclid 
made  this  the  first  proposition  of  the  tenth 
book  of  his  "Elements  of  Geometry,"  but 
his  modem  editors  have  transferred  it  to  the 
beginning  of  the  twelfth  book.  This  method 
is  not  adapted  for  the  discovery  of  new 
truths,  and  was  employed  by  the  Greeks 
merely  to  give  a  logical  demonstration  of  a 
proposition  previously  discovered  by  some 
other  means.  The  demonstration  was  com- 
pleted by  a  reductio  ad  absurdum — that  is,  by 


showing  that  any  other  statement  than  that 
contained  in  the  proposition  must  be  false. 
This  method  is  perfectly  logical,  but  is 
exceedingly  tedious  and  barren  of  results. 

The  first  suggestion  of  the  method  of 
infinitesimals,  which  underlies  the  method 
of  indivisibles,  was  given  by  Antiphon, 
the  well-known  opponent  of  Socrates.  In 
attempting  the  quadrature  of  the  circle,  he 
first  inscribed  a  square  in  the  circle;  then,  by 
bisecting  each  quadrant,  he  obtained  a 
regular  inscribed  octagon,  then  a  regular 
polygon  of  sixteen  sides,  and  so  on,  until 
at  length  he  supposed  a  regular  inscribed 
polygon  of  an  infinite  number  of  sides  to  be 
arrived  at,  and  this  inscribed  polygon,  he 
said,  is  coincident  with  the  circle.  The 
Greek  critics  of  Antiphon  repudiated  the 
idea  that  a  polygon  could  ever  be  anything 
but  a  rectilinear  figure,  and  the  doctrine 
that  a  curve  could  be  regarded  as  made  up 
of  an  infinite  number  of  infinitely  short 
straight  lines  was  not  revived  till  the  time 
of  Kepler,  who  used  this  doctrine  freely. 
The  principle  of  indivisibles  was  first  defi- 
nitely enunciated  by  Cavalleri,  an  Italian 
mathematician,  in  1629.  He  asserted  that 
a  line  is  made  up  of  an  infinite  number  of 
points,  each  without  magnitude;  a  surface  is 
made  up  of  an  infinite  number  of  lines, 
each  without  breadth;  and  a  volume  is 
made  up  of  an  infinite  number  of  surfaces, 
each  without  thickness.  Subsequently,  in 
deference  to  the  criticism  of  Guldinus  and 
others,  he  modified  the  statement  of  his 
principle;  though  his  doctrine  even  in  its 
amended  form  is  not  fr«e  from  objection, 
yet  it  was  a  valuable  contribution  to  mathe- 
matics, and  enabled  the  mathematicians  of 
the  seventeenth  century  to  discover  many 
important  theorems. 

As  already  stated,  Newton  felt  debarred 
from  using  fiuxions  in  his  Principia;  the 
method  of  exhaustions  he  rejects  "in  order 
to  avoid  the  tediousness  of  deducing  per- 
plexed demonstrations  ad  absurdum* \'  and 
the  method  of  indivisibles,  though  it  shortens 
and  simplifies  the  demonstrations,  he  declares 
to  be  inadmissible  because  it  is  illogical.  In 
order,  therefore,  to  be  able  to  demonstrate 
his  propositions  without  using  any  of  the 
methods  enumerated,  he  devotes  the  first 
section  of  the  first  book  to  the  exposition 
of  the  method  of  prime  and  ultimale  ratios, 
or  what  is  now  called  the  method  of  limits. 
The  eleven  lemmas  of  this  section  contain  an 
excellent  geometrical  account  of  the  method 
of  limits;  and  the  scholium,  with  which  the 
section  closes,  contains  a  comparison  of  the 
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method  of  limita,  the  method  of  exhaustions, 
and  the  method  of  indivifibles. 

The  introduction  to  the  Principia,  which 
precedes  the  section  on  prime  and  ultimate 
ratios,  contains  eight  definitions  or  explana- 
tions of  words  in  the  sense  in  which  he 


Fio.  1. 

wishes  them  to  be  understood,  and  thr^ 
axioms  or  laws  of  motion.  The  scholium, 
with  which  the  introduction  concludes,  is 
on  the  history  of  the  laws  of  motion,  and 
refers  to  Galileo's  investigation,  by  the  laws 
of  motion,  of  the  paths  of  projectiles.  Those 
of  the  words  defined  that  we  shall  have 
occasion  to  use  are  now  familiar  to  every 
person,  and  it  is  not  necessary  to  give  his 
explanations  of  them;  the  three  laws  of 
motion  as  stated  by  him  have  appeared  in 
a  previous  part  of  this  article.  There  has 
been  much  criticism  of  the  form  in  which 
Newton  expressed  the  laws  of  motion;  but 
the  important  point  is  that,  after  ages  of 
endeavor,  these  laws  were  at  length  clearly 
grasped  and  definitely  stated.  The  best 
form  of  expression  for  these  laws  is  a  meta- 
physical, rather  than  a  physical,  question, 
and  its  settlement  may  be  left  to  those  whom 
Gralileo  terms  the  '*  paper  philosophers.'' 

The  second  section  of  the  Principia  is  on 
the  determination  of  centripetal  forces,  or 
forces  directed  toward  a  fixed  point.  The 
demonstrations  do  not  apply  to  bodies  of 
finite  size,  but  only  to  material  particles; 
the  theorems,  however,  are  approximately 
true  for  any  body  whose  dimensions  are  so 
small  in  comparison  with  its  distance  from 
the  center  of  force  that  they  can  be  neglected. 
The  first  proposition  is  that  a  body  under  the 
action  of  a  central  force  will  describe  areas  by 
the  radii  drawn  to  the  center  of  force  which  are 
proportional  to  the  times  of  describing  them;  in 


other  words,  Kepler's  second  law  is  true  for 
a  particle  moving  under  the  action  of  any 
central  force.  In  Fig.  1  we  reproduce  the 
figure  upon  which  Newton  proved  this  Ainda- 
mental  proposition;  for  the  benefit  of  the 
non-mathematical  reader  we  paraphrase  into 
popular  language,  without  attempting  to  pre- 
serve mathematical  rigidity,  the  reasoning 
by  which  he  proved  the  theorem. 

In  Fig.  1,  S  is  the  fixed  center  toward 
which  the  force  acts.  Now  suppose  that  the 
central  force  toward  ^.doee  not  act,  and  sup- 
pose the  time  to  be  divided  into  a  number  of 
equal  intervals,  and  suppose  that  in  the  first 
of  these  intervals  the  particle  moves  from 
the  point  A  to  the  point  B,  Since  the  par- 
ticle is  not  acted  on  by  any  force,  by  the 
first  law  of  motion,  the  path  A  B  will  be 
a  straight  line.  If  uninterrupted,  the  par- 
ticle would,  in  the  second  interval,  proceed 
directly  to  c  along  the  line  Be,  which  is 
equal  to  ^^;  so  that,  by  the  radii  il/S;  BS^ 
and  cSy  the  equal  areas  A  SB  and  BSc 
would  be  described  in  these  equal  inter- 
vals. But  suppose  the  particle,  on  arriving 
at  j&,  receives  a  blow  directed  along  the  line 
BS  and  is  thereby  deflected  from  the  line  B  c 
and  compelled  to  continue  its  motion  along 
the  line  B  C.  Through  the  point  c  let  the 
line  c  C  be  drawn  parallel  to  BS,  and  meet- 
ing ^  C  in  C,  thus  determining  the  point  C. 
Then  it  is  an  inmiediate  consequence  of 
the  laws  of  motion  that,  at  the  end  of  the 
second  interval,  the  particle  will  be  found 
at  C.  The  triangles  BSC  and  BSc  are 
equivalent,  because  they  have  the  same  base 
BSy  and  the  altitude  of  each  is  the  perpen- 
dicular distance  between  the  parallel  lines 
c  Cand  BS\  but  the  triangle  BScSb  equiva- 
lent to  A  SB]  hence,  also,  BSOr  equivalent 
U>  ASB,  In  like  manner,  if  the  particle 
receives  a  blow  directed  toward  S  at  each 
of  the  points  C,  D,  E^  etc,  the  triangles  CSD, 
DSEf  etc.  are  each  equivalent  to  the  tri- 
angle A  SB.  Therefore,  by  addition,  any 
sums  ASDCB,  A  SED  CB  of  the  areas  of 
these  triangles  are  proportional  to  the  times 
of  describing  them.  Now,  the  greater  the 
number  of  intervals  into  which  the  time  is 
divided,  and  the  smaller  each  interval,  the 
more  nearly  does  the  particle  approach  to 
the  condition  of  a  particle  moving  under  the 
action  of  a  continuous  force,  and  the  more 
nearly  does  the  broken  line  ABCDE 
approach  to  coincidence  with  the  curve  de- 
scribed under  the  action  of  a  steady  fcnnce; 
and,  no  matter  how  small  the  equal  intervals 
into  which  the  time  is  divided,  the  areas 
described  in  any  two  periods  are  proportional 
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to  the  periods  occapied  in  describing  them. 

But  still  the  path  of  the  particle  is  a 
broken  line  and  not  a  curve,  and  the  force 
deflecting  it  from  rectilinear  motion  is  a 
succession  of  blows  and  not  a  continuous 
force.  To  bridge  this  gulf  the  adherents 
of  the  doctrine  of  indivisibles  would  have 
said  that  when  the  number  of  intervals  is 
infinitely  great,  and  each  interval  infinitely 
short,  the  broken  line  is  actually  a  curve, 
and  the  succession  of  blows  at  infinitely 
short  intervals  is  a  steady  force.  The  method 
of  exhaustions  would  involve  a  tedious 
reducHo-ad-abmrdum  argument  By  the 
method  of  limits,  which  Newton  had  estab- 
lished on  a  satisfactory  basis,  he  was  able 
to  ai^ue  logically  from  the  case  of  a  particle, 
compelled  to  move  in  a  broken  line  by  a 
series  of  blows,  to  the  limiting  case  of  a  body 
moving  in  a  curve  under  the  action  of  a  con- 
tinuous force,  and  to  conclude  that  in  this 
case,  also,  there  is  equable  description  of 
areas.  This  is  the  spirit  of  the  first  satis- 
factory solution  that  was  ever  given  of  a 
problem  relating  to  the  motion  of  a  body 
acted  on  by  a  central  force. 

By  the  same  method,  it  is  easily  shown 
that  there  is  no  equable  description  of  areas 
about  a  point  S  unless  the  force  acting  on 
the  particle  is  constantly  directed  toward  S. 
Suppose  a  body,  not  acted  on  by  any  force, 
to  move  along  the  line  A  B,  Fig.  2,  and  on 
reaching  B  to  receive  a  blow  along  the  line 
0  Bf  which  does  not  pass  through  S.  Sup- 
pose that  this  blow  compels  the  body  to 
proceed  along  the  line  B  P.  Produce  A  B 
to  C,  making  B  C  equal  to  A  B,  Bat  for 
the  blow  the  body  would  be  at  C  at  the 
end  of  the  second  interval;  but  the  efiect 
of  the  blow,  combined  with  the  velocity  the 
body  had  on  reaching  B^  causes  it,  at  the 
end  of  the  second  interval,  to  be  at  the  point 
P,  which  is  found  by  drawing  CP  parallel 
to  0  ^  to  meet  the  line  B  P.  In  this  case, 
the  area  BSP  ia  not  equal  to  BJSCf  and, 
therefore,  the  area  BSP  is  not  equal  to  A  SB. 

In  the  second  proposition,  Newton  proves 
that  every  body  that  moves  in  a  curve  and 
describes,  about  a  fixed  point,  areas  propor- 
tional to  the  times,  is  acted  on  by  a  force 
directed  toward  that  fixed  point.  In  a 
scholium  to  this  proposition,  he  points  out 
that  a  body  may  be  urged  by  a  central  force 
compounded  of  several  forces;  in  such  a  case 
the  meaning  of  the  proposition  is  that  the 
resultant  of  all  the  forces  tends  to  the  fixed 
point.  The  third  proposition  shows  that 
every  body  that  describes,  about  the  center 
of  another  body,  areas  proportional  to  the 


times,  is  acted  on  by  a  force  that  is  the 
resultant  of  a  central  force  toward  the  center 
of  that  other  body,  and  all  the  accelerative 
forces  acting  on  that  other  body. 

Assuming  that  the  dimensions  of  the 
bodies  of  the  solar  system  can  be  neglected 
in  comparison  with  the  distances  between 
them,  these  propositions  enable  us  to  assert 
that  Kepler's  second  law  proves  that  the 
planetary  motions  are  governed  by  a  central 
force  directed  toward  the  sun;  and  that  the 
converse  is  also  true. 

In  the  fourth  proposition,  it  is  proved  that 
if  a  body  describes  a  circle  of  radius  r  with  a 
uniform  velocity  t;,  the  centripetal  force  is 
t^  -i-r;  from  this  proposition,  assuming  the 
^  planetary  orbits  to  be  circles  concentric  with 
the  sun,  he  shows,  by  the  method  given  in 
the  October  number,  that  the  force  control- 
ling the  planets  varies  inversely  as  the  square 
of  their  distances  from  the  sun. 

Proposition  ten  proves  that  when  a  body 
describes  an  ellipse  under  the  action  of  a 
force  to  the  center  of  the  ellipse,  the  force 
varies  directly  as  the  distance  of  the  body 
from  the  center  of  the  ellipse.  In  a  scholium 
to  this  proposition,  he  says  that  if  the  ellipse 
degenerates  into  a  parabola  by  having  its 
center  removed  to  an  infinite  distance,  the 
body  will  move  in  that  parabola,  and  the 
force  become  an  equable  force,  tending  to  a 
center  infinitely  remote;  in  other  words, 
a  body  will  describe  a  parabola  under  the 
action  of  a  constant  force  acting  parallel  to 
the  axis  of  the  parabola;  thus  he  deduces 
Galileo's  theorem  of  parabolic  motion  as  a 
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limiting  case  of  elliptic  motion.  In  the  same 
Echolium  he  shows  that  a  body  will  describe 
a  hyperbola  under  the  action  of  a  repulsive 
force  emanating  from  the  center  of  the 
hyperbola,  and  varying  dhectly  as  the  dis- 
tance. This  concludes  the  second  section  of 
the  Principia. 


SATURATED  STEAM. 


Relation   Bbtwei 


Trmperaturb  and  PftEssuitB— CoHFRraeioN  AND  ExrANBiON  or  Satu- 
rated  StBAU — SUPIRHBATIHO   BV    EXPANSION. 


CONSIDER  a  cyUnder,  Fig.  1,  coDtuniog 
B  piston  P  that  fits  the  cylinder  et«am- 
tight  and  air-tight,  bat  is  free  to  elide 
axiolly.    No  fiiction  is   sappoaed  to  exist 
between  the  cylinder  walls  and  the  sides  of 
the  piston;  and  the  piston  itaelf  is  supposed 
to  hiave  no  weight.    The  cylinder  contains 
1  ponnd  of  water.    Let  na  now  start  a  fire 
nndemeatfa  the  cylinder  and  observe  what 
will  happen.     We  know  that  the  wat«r  will 
be  gtaduallj  heated  until  it  reaches  the  boil- 
ing point,  after  which  the  t«mperatnre  will 
remain  constant.    The  application  of  heat 
after  thie  point  is  reached  produces  a  change 
in  the  atate  of  the  water — the  heat  gradually 
turns  it  into  steam.  This 
steam  coming  off  from 
the  water    is  taiuTaUd 
tteam.    Since  the  steam 
occupies  a  greater  space 
than  the  water  from 
which  it  is  formed,  the 
piston    will    have   to 
move  upwards  to  make 
room  for  the  eteam.   As 
long  as   there  is    any 
water  in  the   cylinder 
below  the    piston,  the 
steam  in  the  cylinder  is 
saturated  steam,  bat  it  i 
may  be  either    dry   or   i 
wet   SHiurated   eteam,    : 
depending  on  whether  i 
there  are  any  particles 
of  water  entrained,  i.  e. ,  ^ „ 

held  in  mechanical  sus- 
pension in  the  steam.  When  water  is 
entrained,  the  steam  isw^t  saturated  steam; 
otherwise  it  is  dry  saturated  steam.  Now, 
let  heat  be  supplied  until  all  the  water 
has  been  turned  into  steam;  the  cylinder 
will  then  contain  dry  saturated  steam.  But 
dry  saturated  eteam,  according  to  the  defini- 
tion given  above,  can  also  exist  when  tbe 
cylinder  contains  water,  a  fact  that  should 
not  be  lost  siftht  of. 

Saturated  eteam,  whether  wet  or  dry,  is 
distingniahed  by  tbe  fact  that  it  bos  one 
temperature  for  any  given  pressure.  In  the 
example  above,  and  under  the  Euppo«itione 
staled,  thepieeeure  on  the  water  in  Fig.  l{a). 


the  pressure  of  tbe  steam  and  on  the 
water  in  (6),  and  the  preesure  of  tbe  dry 
saturated  steam  in  (c)  is,  in  each  case,  eqnal 
to  tbe  pressure  of  tbe  atmosphere  on  the 
upper  surface  of  the  piston.  If  this  pressure 
is  14.7  pounds  per  square  inch,  tbe  boiling 
point  of  the  water  and  the  temperature  of 
tbe  saturated  steam  will  be  212°  F.  Con- 
versely, saturated  ateam  having  a  tempera- 
ture of  212°  P.  has  a  preeaure  of  14.7  pounds 
per  square  inch,  and  it  cannot  have  any 
other  pressure  as  long  as  its  temperature 
remains  212°. 

If  we  should  place  on  the  piston  a  weight 
W,  as  shown  in  Fig.  2  (a),  (6),  and  (c),  the 
weight  of  it  being  eqnal 
to  the  total  pressure  of 
the  atmosphere  on  tbe 
piston,  we  wonld  have 
a  pressure  of  2  X  14.7 
pounds  per  square  inch 
on  the  water  below  tbe 
piston.  Tbe  wier, 
under  tbeee  conditions, 
woald  begin  to  change 
into  steam  when  it 
attained  a  temperature 
of  249°  F.  Tbe  tempera- 
ture of  saturated  steom 
.  having  a  pressure  of 
2  X  14.7  =  29.4  pounds 
per  square  inch,  ia, 
therefore,  249°  F.  And 
conveiwly,  the  pressure 
^  of   saturated   steam 

wboee    temperature   ia 
249°  F.,  is  29.4  pounds  per  sqnare  inch. 

Likewise,  saturated  eteam  of  any  other 
pressure  has  one  certain  temperature  oor- 
reeponding  to  that  pressure.  These  tem- 
peratures for  given  preesnies  have  been 
ascertained  by  careful  experiments,  and,  in 
conjunction  with  other  infonnation  relating 
to  eaturated  steam,  are  compiled  in  a  tabular 
form  known  as  the  tteam  UMet.  Conae- 
qnently,  we  can,  by  consulting  them,  find 
the  temperature  of  any  saturated  steam 
under  consideration  when  we  know  its  pres- 
sure; or  we  can  find  its  pressure  if  we  know 
its  temperature. 
Fig.  3  (a)  ahowB  our  cylinder  partially 
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filled  with  saturated  ateom  aud  water  under 
the  preeaore  of  the  atmosphere.  ABeome 
tttat  we  have  removed  the  fire  from  under 
the  cylindw.  Let  ob  aee  now  what  will 
happen  if  we  place  on  the  piston  the 
weight  W,  mentioned  in  connection  with 
Fig.  2.  The  piston,  undo*  the  influence  of 
the  weight,  will  move  down,  compreeaing 
the  steam  until  the  preeenre  of  the  steam 
below  the  piston  becomes  equal  to  the  snin 
of  the  presanre  of  the  atmosphere  and  the 
in-eeenre  due  to  the  we^ht  on  the  top  of 
the  piston.  When  these  preesorea  become 
equal,  the  piston  will  stop  its  downward 
motion  and  will  occupj  a  poeilion  Uke  that 
shown  in  Fig.  S  {b),  i.  e.,  nearer  to  the  bot- 
tom of  the  cylinder  than  shown  in  I^lg.  3  (a). 
We  will  now  find  that  there  is  more  water 


Fro.  2. 

in  the  cylinder  than  there  was  before  the 
weight  W  was  placed  on  the  piston.  This 
&ct  leads  ns  immediately  to  the  conclusion 
that  during  the  compression  some  of  the 
steam  contained  above  the  water,  in  Fig.  3, 
must  have  condensed  back  into  water.  We 
would  also  find,  on  inserting  a  thermometer 
in  the  cylinder  Bbown  in  Fig.  3  (A)  that  the 
temperatore  of  the  water  and  st^un  is  no 
l<mger  212°  F.,  which  was  the  case  before 
the  we^ht  W  was  added,  but  that  it  is  249°  F. 
As  we  have  removed  the  heat  from  under 
the  cylinder,  the  question  naturally  arises, 
Where  did  the  heat  that  raised  the  tempera- 
ture of  the  contents  of  the  cylinder  come 
from?  We  know  that  to  evaporate  water  at 
the  boiling  temperature,  a  certain  amount  of 
heat,  known  as  latent  heat,  must  be  absorbed 
bcAire  the  water  will  diange  into  steam. 
Conversely,  when  steam  is  changed  back 


into  water,  it  gives  up  its  latent  heat  When 
the  weight  W  was  placed  on  the  piston  the 
steam  below  the  piston  was  compressed,  and 
some  of  it  was  condensed  back  into  water. 
Assume  that  the 
cylinder  and  pis- 
ton are  perfect 
non-conductors  of 
heat.  Then,  the 
latent  heat  of  the 
steam   that  was 

consumed  in 
heating  the  con- 
tents of  the  cylin- 
der from  212°  ~ 
to  249"  F.  If  1 
were  now  to  re- 
move the  weight 
W  from  the  pis- 
ton [see  F^.  3  Fiq.  s. 
(6)],  the  pressure 

on  the  upper  snr&ce  of  the  piston  would  be 
decreased  to  1    atmosphere,    that  is,    14.7 
pounds  per  square  inch.     The  pressure  on 
the  under  ride  being  equal  to  2  atmoepbeieB, 
that  is,  29.4  pounds  per  square  inch,  the  result 
would  be  that  the  piston  would  be  raised  to 
its  former  position  in  Fig.  3  (a)— that  is, 
until  the  pressure  below  the  piston  is  equal ' 
to  that  of  the  atmosphere.   In  this  condition 
the  contents  of  the  cylinder  would  again 
have  a  temperature  of  only  212°  F.    This 
leads  us  to  the  question,  What  has  become 
of  the  amount  of  heat  that  kept  the  tem- 
perature of  the  mixture  at  249°  F.7    This 
heat  has   evapo- 
rated some  water. 
It  has  evaporated 
exactly  the  same 
amount  of  water 
as  was  condensed 
by  the  compres- 
sion due   to  the 
weight  H*. 

If  we  compress 
the  dry  saturated 
steam  at  (c).  Fig.' 
1,  by  placing  a 
weight  W  on  the 
piston,  the  result 
will  be  ttiat  some 
of  the  steam  con-  ^     . 

denees;  the  latent 

heat  of  this  condensed  steam  will  raise  the 
temperatureof  the  water  and  saturated  steam 
in  the  cylinder.  Exactly  the  same  changes 
occur  as  when  steam,  in  contact  with  the 
water  from  which  it  ia 
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Suppose,  however,  we  were  to  connect 
the  cylinder,  shown  in  Fig.  1(c),  containing 
dry  saturated  steam,  with  an  air  pump, 
shown  in  Fig.  4,  and  lessen  the  pressure  on 
the  top  of  the  piston  by  pumping  out  some 
of  the  air.  The  piston  would  rise  as  the  air 
was  being  pumped  out,  and  the  pressure  of 
the  steam  would  decrease.  But  as  the 
amount  of  heat  contained  in  the  steam  in 
the  cylinder  does  not  change  while  the 
pressure  decreases,  it  follows  that  now  the 
steam  will  have  a  temperature  higher  than 
that  corresponding  to  the  pressure.  Steam 
in  this  condition  is  said  to  be  superheated. 
Hence,  by  decreasing  the  pressure  of  dry 
saturated  steam,  superheated  steam  is  pro- 
duced. But  superheated  steam  may  also  be 
produced  by  keeping  the  pressure  constant 
and  adding  heat  to  the  steam.  Naturally, 
this  superheating  destroys  the  relation 
between  the  temperature  and  the  pressure 
given  in  the  steam  tables. 


From  the  above  it  must  not,  however,  be 
inferred  that,  if  dry  saturated  steam  were 
introduced  into  the  cylinder  of  an  engine, 
superheating  would  neceesarily  result  The 
heat  that  would  produce  the  superheating, 
if  the  conditions  were  such  as  indicated  in 
the  cylinder  shown  in  Fig.  4,  would,  in  an 
actual  engine,  be  utilized  in  doing  work  on 
the  piston.  If  the  work  done  on  the  piston, 
by  the  expanding  steam,  is  lees  than  that  corr 
responding  to  the  quantity  of  heat  available 
for  superheating  when  no  outer  work  what- 
soever is  being  done  in  expanding*  the  steam 
may  become  superheated  to  a  slight  degree. 
If,  however,  as  is  generally  the  case,  the 
heat  required  to  do  the  work  is  quite  large, 
then  not  only  will  there  be  no  superheating, 
but  some  of  the  steam  will  actually  condense 
and  give  up  its  latent  heat.  That  is,  part  of 
the  required  work  will  be  done  by  expansion, 
and  the  remainder  by  the  latent  heat  given 
up  by  the  condensed  steam. 


NKW  YORK  BUILDING  LAW* 

Summary  of  Its  Chief  Rbquirbmbnts  in  thr  Boroughs  of  Manhattan  and  thb  Bronx. 


WE  REPRINT  herewith  the  second 
portion  of  a  summary  of  the  New 
York  building  law,  compiled  by 
'*The  Evening  Post,"  New  York  City,  and 
issued  in  circular  form  by  The  Union  Surety 
and  Guaranty  Company. 

Iron  Shutters  {continued).  —  All  shutters 
opening  on  fire-escapes,  and  at  least  one 
row,  vertically,  in  every  three  rows  on  the 
front-window  openings  above  the  first  story 
of  any  building,  shall  be  so  arranged  that 
they  can  be  readily  opened  from  the  outside 
by  firemen. 

Fire-Escapes. — ^Every  dwelling  house  occu- 
pied by  or  built  to  be  occupied  by  three  or 
more  families  above  the  first  story,  every 
hotel  or  lodging  house  more  than  three  stories 
in  height,  every  boarding  house  containing 
more  than  fifteen  sleeping  rooms  above  the 
basement,  every  factory,  mill,  manufactory, 
or  workshop,  hospital,  asylum,  or  institution 
for  the  care  or  treatment  of  individuals, 
every  building  used  in  whole  or  in  part  as  a 
school  or  place  of  instruction  or  assembly, 
and  every  ofiice  building  five  stories  or 
more  in  height,  must  be  provided  with 
such  fire-escapee,  stairways,  or  other  means 

*  The  first  portion  of  this  summary  was  printed  in 
the  September,  1899,  Issue  of  "The  Building  Trades 
Magazine." 


of  egress  in  case  of  fire  as  shall  be  directed 
by  the  Superintendent  of  Buildings.  Every 
fire-escape  must  be  kept  in  good  repair 
and  properly  painted  by  the  owner  of  the 
building  upon  which  it  is  erected. 

Wires  and  Gas  Brackets. — Electric  wires 
for  ftu*nishing  light,  heat,  or  power,  led 
into  any  building,  shall  be  arranged  with 
suitable  appliances  to  cut  off  the  current 
on  the  outside  of  the  building.  All  such 
wires  must  be  properly  insulated,  and  must 
comply  with  the  rules  and  r^ulations  of  the 
Bureau  of  Electrical  Appliances  in  the  Fire 
Department  €ras  brackets  must  be  placed  at 
least  3  feet  below  any  ceiling  or  woodwork, 
unless  they  are  properly  protected  by  a 
shield,  in  which  case  the  distance  shall  not 
be  less  than  18  inches.  Swinging  or  folding 
gas  brackets  shall  not  be  placed  against  any 
stud  partition  or  woodwork.  Gaslights 
placed  near  window  curtains  or  any  other 
combustible  material  must  be  protected  by 
a  proper  shield. 

Plumbing  and  Drainage. — ^The  plumbing 
and  drainage  of  all  buildings  shall  be  exe- 
cuted in  accordance  with  plans  previously 
approved  in  writing  by  the  Superintendent 
of  Buildings. 

Fire  Limits. — ^The  erection  of  frame  build- 
ings, with  the  exceptions  hereafter  noted, 
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is  prohibited  south  of  One  Hundred  and 
Nineteenth  Street,  west  of  the  Harlem  River, 
not  including  the  district  west  of  the  Boule- 
vard above  One  Hundred  and  Sixty-Fifth 
Street;  and  on  the  east  side  of  the  city 
south  and  west  of  a  line  beginning  on  the 
Harlem  River  at  One  Hundred  and  Forty- 
Ninth  Street,  running  easterly  to  Third 
Avenue,  thence  northerly  to  Westchester 
Avenue,  thence  easterly  to  Trinity  Avenue, 
and  thence  southerly  to  the  East  River  or 
Bronx  Kills.  North,  west,  and  east  of 
these  limits  no  frame  building  to  be  occu- 
pied as  a  stable,  workshop,  or  manufac- 
tory shall  be  built  more  than  two  stories, 
or  25  feet,  in  height.  North  and  east  of  the 
limits  three-story  frame  dwellings,  with 
shingle  roo£i  and  12-inch  brick  foundation 
walls,  may  be  built  to  a  height  of  35  feet 
Small  outhouses,  not  over  8  feet  high  and 
not  exceeding  150  square  feet  in  superficial 
area,  may  be  built  of  wood,  but  the  roofs 
must  be  covered  with  metal,  gravel,  or  slate. 
Sheds  not  over  15  feet  high,  open  on  at 
least  one  side,  may  also  be  built  of  wood, 
with  the  sides  and  roof  covered  with 
fireproof  material,  but  no  fence  shall  be 
used  as  the  back  or  side  of  any  such  shed. 
Fences  of  wood  must  not  be  over  10  feet 
high,  and  wooden  signs  must  not  be  over 
2  feet  high  on  any  building. 

FUing  of  Plaru, — Before  the  erection  or 
alteration  of  any  building  or  part  of  any 
building  is  b^^n,  the  owner  or  his  agent 
or  architect  shall  file  in  the  Department  of 
Buildings  a  complete  copy  of  the  plans  of 
the  proposed  work,  with  a  detailed  state- 
ment in  writing  of  the  specifications,  and 
obtain  a  permit  for  the  same.  The  principal 
office  of  the  Department  of  Buildings  is  in 
the  Borough  of  Manhattan.  There  is  a 
branch  office  in  the  Borough  of  Brooklyn, 
and  a  branch  office  may  be  established  in 
any  of  the  other  boroughs,  at  the  discretion 
of  the  Board  of  Buildings. 

THE    NEW   CHARTER    PROVISIONS    RELATING    TO 

BUILDINGS. 

Commis9i(mer8.  —  Under  the  charter  of 
Greater  New  York  the  head  of  the  Depart- 
ment of  Buildings  is  called  the  Board  of 
Buildings,  and  consists  of  three  Commis- 
sioners, one  of  whom  has  administrative 
jurisdiction  in  the  Boroughs  of  Manhattan 
and  Bronx  (New  York),  one  in  the  Bor- 
ough of  Brooklyn,  and  one  in  the  Boroughs 
of  Queens  and  Richmond  (Long  Island  City 
and  Staten  Island).  Each  Commissioner 
is  required  to  be  a  competent  architect  or 


builder  of  at  least  10  years'  experience; 
and  is  appointed  by  the  Mayor,  who  desig- 
nates one,  when  appointed,  as  President 
of  the  Board.  The  Board  is  empowered 
to  establish  general  rules  and  regulations 
for  the  administration  of  the  department, 
and  such  other  rules  and  regulations  as 
were  authorized  by  law  at  the  time  of 
the  adoption  of  the  new  charter,  to  be 
established  by  the  Superintendent  of  Build- 
ings in  the  city  of  New  York  and  the 
Commissioner  of  Buildings  in  Brooklyn. 

CorUmuatUm  of  Former  Laws. — All  the  laws 
In  efiect  at  the  time  of  the  passage  of  the 
new  charter  concerning,  affecting,  or  relating 
t6  the  construction,  alteration,  or  removal 
of  buildings  or  other  structures  in  any 
of  the  municipal  and  public  corporations 
included  within  Greater  New  York  are 
continued  in  full  force  and  eff(Bct,  except  in 
so  far  as  the  same  are  inconsistent  with  or 
are  modified  by  the  new  charter. 

Provmon  for  New  Building  Code. — ^The 
Municipal  Assembly  is  empowered  to  estab- 
lish, and  from  time  to  time  to  amend,  a  code 
of  ordinances  to  be  known  as  the  '*  Building 
Code,''  providing  for  all  matters  concerning, 
affidcting,  or  relating  to  the  construction  or 
removal  of  buildings  in  Greater  New  York. 
It  may,  for  the  purpose  of  preparing 
such  code,  appoint  and  employ  a  commission 
of  experts.  Upon  the  establishment  of 
such  code,  the  old  New  York  and  Brooklyn 
building  laws  and  the  old  ordinances  rela- 
ting to  buildings  in  other  parts  of  the 
Greater  City  thereby  become  repealed.  The 
provisions  of  such  code  must  conform  to 
all  general  laws  relating  to  buildings. 

Decmons  and  Appeals,  —  Each  Commis- 
sioner is  empowered  to  pass  upon  any 
question  relative  to  the  mode,  manner  of 
construction,  or  materials  to  be  used  in  the 
erection  or  alteration  of  any  building 
within  the  borough  or  boroughs  under  his 
jurisdiction.  If  the  owner  affected  is 
dissatisfied  with  the  decision  of  any  one 
Commissioner  upon  euch  a  question,  he  or 
his  authorized  agent  may  make  an  appeal 
in  any  case  where  the  amount  involved  by 
such  decision  shall  exceed  the  sum  of  one 
thousand  dollars.  In  the  Borough  of 
Brooklyn  and  in  the  Boroughs  of  Queens 
and  Richmond,  appeals  shall  be  taken  to 
the  Board  of  Buildings.  In  the  Boroughs 
of  Manhattan  and  the  Bronx,  appeals  are 
to  be  made  to  the  Board  of  Examiners,  of 
which  the  Commissioner  for  those  boroughs 
is  ex  officio  a  member  and  the  chairman.  The 
other  members  of  the  Board  of  Examiners 
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are  one  repreaentatiye  of  the  New  York 
Chapter  of  the  American  Institute  of  Archi- 
tects; one  representative  of  the  New  York 
Board  of  Fire  Underwriters;  two  members 
of  the  Mechanics'  and  Traders'  Exchange 
of  New  York,  one  of  whom  must  be  a 
master  mason  and  the  other  a  master  car- 
penter; one  member  of  the  Society  of  Archi- 
tectural Iron  Manufacturers  of  New  York; 
one  member  of  the  Eeal-Estate  Owners'  and 
Builders'  Association  of  New  York,  who 
must  be  an  architect  or  builder;  one  member 
of  the  New  York  Real-Estate  Exchange, 


Limited,  who  must  be  an  architect  or 
builder;  andthechief  of  the  Fire  Department 

AreoB  to  be  one-fifbeenth  of  the  width 
of  street,  but  in  no  case  wider  than  5  feet 
in  the  clear,  to  be  enclosed  with  a  railing. 

Stoops  or  steps  not  to  extend  more  than 
one-tenth  part  of  the  width  of  street,  but 
in  no  case  more  than  7  feet 

Bay  windotos  not  to  extend  more  than 
1  foot  from  the  house  line. 

Cellar  doors  not  to  extend  more  than 
one-twelfth  the  width  of  any  street,  but 
never  more  than  5  feet 
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THE  GEOLOGY  OF  THE  WEST. 

(Concluded  from  the  October,  1899,  Number  qf'The  Mechanic  Arts  Magazine.") 


Prof.  Arthur  Lakes. 


From  Denver  to  San  Franciscx)— Through  the  Wasatch  Mountains — ^The  Great  Basin. 

How  It  Was  Formed— The  Great  Salt  IiAkb — ^Utah. 


IN  OUR  previous  article  we  had  reached 
the  coal  town  of  Evanston,  on  the  border 
line  between  Wyoming  and  Utah.  From 
here  our  course  turns  abruptly  west  We 
can  see,  not  far  off,  the  snow-capped  sum- 
mits of  the  Wasatch  Range,  and  gladly  turn 
our  backs  on  the  dreary  sage-brush  lake 
beds  of  Wyoming,  with  aJU  their  interesting 
fossil  remains,  and  plunge  down  the  ever- 
deepening  Echo  Cafion,  between  vertical 
walls  of  sandstone,  along  the  course  of  the 
Weber  River,  which  cuts  a  clear  section 
through  the  heart  of  the  Wasatch  Range. 

The  cafion  walls,  which  rise  over  2,000 
feet  on  either  side,  are  composed  of  the 
same  shore-line  materials  that  compose  the 
Green  River  beds  of  Wyoming,  namely, 
coarse  red  and  yellow  conglomerates  and 
large  pebbles.  The  walls  are  horizontal  for 
some  miles,  but  as  we  approach  the  moun- 
tains they  dip  5  degrees,  which  indicates 
that  the  mountains  have  risen  since  these 
rocks  were  formed,  and  are  probably  still 
rising.  Later  on,  limestones  and  dark 
shales  api)ear  cropping  up  from  beneath  the 
horizontal  beds  at  an  angle  of  from  30  to  40 
degrees;  and,  as  we  go  still  farther  down 
the  cafion,  vertical  rocks  of  a  red  color 
appear.  These  three  kinds  of  rocks  are 
what  geologists  call  Tertiary,  Cretaceous, 
and  Jurassic,  and  they  lie  unoonformably 
upon  one  another.  At  the  entrance  to 
Weber  Cafion,  two  singular  blade-like  rocks, 


a  thousand  feet  high,  jut  out  of  the  side  of 
the  cafion,  with  a  deep  trench  between  th^n. 
This  is  called  the  ''DeviFs  Slide";  it  is 
simply  two  hard  vertical  sheets  of  rock, 
with  softer  shale  rock  between  them  that 
has  been  hollowed  out  by  water,  or  perhaps 
by  the  friction  of  the  satanic  '*  coasting.'' 
Down  we  go,  plunging  deeper  into  the  nar- 
rowing cafion,  through  vertical  quarteite  and 
limestone,  and  we  finally  enter  the  granite 
core  of  the  range,  from  which  we  soon  emerge 
on  the  other  side  of  the  mountain. 

Looking  back,  we  notice  that  this  western 
side  is  much  steeper  than  the  eastern  slope. 
It  is  a  steep  cliff  of  granite,  with  broken 
edges  of  limestone  on  the  top,  and  towers 
some  thousands  of  feet  above  the  town  of 
Ogden,  which  lies  at  its  base.  A  brief  history 
of  the  formations  we  have  passed  through 
will  be  of  interest 

EUul  Jules  Verne  desired  to  penetrate  8 
miles  vertically  into  the  bowels  of  the  earth, 
his  wish  could  here  have  been  gratified,  for 
since  we  left  Evanston  we  have  passed 
through  a  vertical  section  of  the  earth's  crust 
8  miles  in  thickness,  just  as  we  would  have 
done  had  we  descended  that  depth  into  a 
mine.  Strata  of  a  thickness  of  40,000  feet 
have  been  uplifted  to  the  granite  of  the 
Wasatch  Range.  This  crust  of  the  earth  is, 
as  we  have  seen,  composed  of  ordinary 
sandstones  and  limestones,  and  beginning 
from  the  lowest,  i.  e.,  that  nearest  the  granite, 
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and  ascending  to  the  top,  we  should  find 
fossils  of  various  kinds,  such  as  shells,  plants, 
and  animals,  which  record  the  history  of  the 
several  ages  of  the  earth's  life.  ThLs  great 
thickness  of  strata  was  laid  down  by  water — 
by  seas,  lakes,  and  rivers — at  various  periods 
during  millions  of  years,  one  horizontally  on 
top  of  the  other,  and  afterward  folded  and 
uplifted  by  the  rising  mountains. 

The  order  of  events  was  this:  A  granite 
reef  or  low  island  received  the  deposits  of 
the  ancient  ocean;  after  a  great  thickness 
had  accumulated,  an  uplift  occurred,  and  the 
sea  bottoms  were  raised  above  the  level  of 
the  water.  Against  this  uplifted  land  the 
Cretaceous  sea,  which  occupied  the  site  of 
the  present  eastern  and  western  prairies, 
beat  its  waves  and  deposited  its  contributions 
to  the  land.  A  second  great  uplift  occurred; 
the  sea  was  drained  off  and  its  basin  was 
occupied  by  the  fresh- water  lakes,  which  in 
turn  deposited  their  beds — horizontally,  of 
course — against  the  upturned  strata  of  the 
land.  Since  they  were  deposited  a  slight 
rise  of  the  Wasatch  has  occurred,  and  these 
lake  beds  are  tilted  5  degrees  also. 

It  appears,  then,  tbat  the  Wasatch  was 
elevated  from  the  bottom  of  the  sea  to  its 
mountain  form  by  three  periods  of  elevation, 
with  pauses  between  them.  This  is  what 
the  ''unconformability''  we  noticed  in  the 
cafion  teaches  us.  When,  by  folding  up, 
the  strata  reached  their  greatest  tension,  the 
huge  mass  broke  and  slipped  down  several 
thousand  feet  on  the  west  side,  causing  the 
present  fault  escarpment,  or  cliff,  above 
Ogden,  the  fallen  portion  forming  the  floor 
of  the  Great  Basin  next  to  be  described. 

This  uplifting,  folding,  and  &ulting  was 
gradual,  and  was  probably  accompanied  by 
earthquakes.  Very  modem  slips  and  flEmlta 
occur  along  the  edge  of  the  Wasatch,  marked 
by  a  line  of  hot  springs,  due  perhaps  to 
depth  and  to  the  heat  of  friction,  showing 
that  the  mountain  range  is  still  impercepti- 
bly rising.  The  Wasatch  has  another  inter- 
est: it  is  along  the  central  line  of  the  great 
Rocky  Mountain  uplift,  the  pivot  range,  as 
it  were,  of  the  whole  mountain  system. 

The  Oreat  Basin, — As  we  emerge  fi^m  the 
cafion  a  new  scene  bursts  upon  us,  and  we 
enter  a  region  quite  as  arid  as  the  one  we 
passed  through.  The  surface  of  the  Great 
Basin,  however,  is  not  like  the  monotonous 
plains  of  Wyoming;  it  is  diversified  by  a 
seemingly  endless  number  of  isolated  peaks, 
which,  in  reality,  are  portions  of  several 
distinct  mountain  ranges.  We  are  looking 
down  into  what  may  truly  be  called  a  great 


basin,- the  bottom  being  at  least  2,000  feet 
below  the  average  western  prairies  in  Colo- 
rado and  Wyoming,  and  only  3,000  to  4,000 
feet  above  the  sea.  Even  the  mountains  in 
this  basin  attain  only  a  height  of  8,000  feet 
above  the  sea. 

If  our  vision  could  reach  that  far,  we 
could  trace  the  basin  500  miles  to  its  western 
rim,  the  Sierra  Nevada  Mountains,  south 
along  the  Wasatch  Range  to  Arizona,  and 
north  800  miles  to  the  British  possessions. 
The  area  of  this  basin  is  208,500  square  miles, 
an  area  greater  than  that  of  France. 

The  southern  part  includes  the  Colorado 
Desert,  which  is  drained  by  the  Grand 
Cafion  of  the  Colorado,  and  also  Death 
Valley,  and  the  region  of  Califomia  and 
Nevada.  The  Columbia  River  crosses  this 
region  from  east  to  northwest  to  the  Pacific 
Ocean.  The  Colorado  River  flows  southwest 
to  the  Gulf  of  Califomia.  Several  small 
rivers  drain  directly  into  the  basin. 

In  another  sense  it  is  a  basin,  for  all  the 
waters  that  run  into  it  are  without  outlet  to 
the  sea,  and  what  rain  falls  in  it  quickly 
evaporates.  In  summer  many  of  the  rivers 
disappear  by  evaporation  and  by  sinking 
into  the  soil.  All  lakes  are  salt  or  alkaline, 
and  their  shores  are  white  deserts  that  are 
shunned  by  every  living  thing.  Here  and 
there  a  few  oases  occur,  as  at  Humboldt 
Station,  where  the  eye  is  refreshed  by  lux- 
uriant green  grass  and  orchards,  occupying 
a  few  acres  in  the  midst  of  alkaline  waste. 
The  alkali  of  the  baked  soil  is  blown  up  in 
columns  by  UtUe  whirlwinds,  and  a  dozen  of 
these  white  cyclones  can  be  seen  chasing  one 
another  over  the  plain. 

The  mountains  are  treeless  and  destitute 
of  all  vegetation  save  sage  brush.  Their 
nakedness  allows  their  anatomical  structure 
to  be  seen  at  a  glance;  they  are  composed 
of  tilted  blocks  of  granite,  lava,  and  lime- 
stone, separated  from  one  another  by  pro- 
found faults;  the  valleys  between  the  ranges 
are  the  beds  of  lakes  that  have  dried  up. 
Mirages  of  beautiful  lakes  and  streams  often 
occur,  but  the  lost  traveler  will  perish  from 
thirst,  as  did  the  Mormons  in  Death  Valley. 
In  winter  the  cone-shaped  peaks  of  the  moun- 
tains are  capped  with  snow,  which  makes 
them  resemble  the  tents  of  an  immense 
army.  The  Black  Rock  and  Carson  Deserts 
in  Nevada  are  desolate  regions,  but  worse 
still  are  the  deserts  around  Great  Salt  Lake, 
where  not  a  sign  of  vegetation  grows.  Besides 
the  production  of  salt,  borax,  and  soda,  the 
only  industries  of  this  dreary  desert  are  the 
great  mines  of  the  Comstock  and  Eureka 
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Bqnares,  with  grooves  about  i  inch  deep,  so 
that,  in  case  it  should  crack,  the  fractures 
will  follow  the  grooves,  and  thus  avoid  dis- 
figuring the  entire  floor. 

In  hot  weather  the  floor  should  not  be 
allowed  to  dry  rapidly,  but  should  be  occa- 
sionally sprinkled. 

The  figure  shows  the  efiect  of  allowing  a 
cement  floor  to  freeze  before  the  cement  has 
fiilly  set  The  layer  a  represents  the  con- 
crete, while  the  top  coat  is  shown  at  6. 
Between  the  two  layers  a  film  of  water  is 
formed,  which  under  ordinary  circumstances 
would  be  gradually  absorbed,  and  would  do 
no  harm.  If,  however,  the  temperature  is 
below  the  freezing  point,  this  water  is  frozen 
into  a  cake  of  ice,  and  in  expanding  gradu- 
ally heaves  up  the  top  layer,  forming  a 
blister,  as  shown  at  B,  On  thawing,  this 
water  is  absorbed  by  the  under  layer,  and  a 
hollow  chamber  is  formed,  as  at  C  The 
blister  will  crack  from  being  walked  on,  the 
loose  particles  are  removed,  and  the  surface 
will  ultimately  present  the  appearance  shown 

AtD. 

When  cement  floors  or  walks  mutt  be 
made  in  freezing  weather,  the  freezing  point 
can  be  reduced  somewhat  by  using  a  solution 
containing  about  3  per  cent,  of  salt  for  mix- 
ing the  mortar.    This  will  render  operations 


safe  until  a  temperature  of  about  28^  F.  is 
reached.  This  is  done,  however,  at  a  sacri- 
fice of  much  of  the  strength  of  the  cement, 
as  it  has  been  proved  that  any  addition  of 
salt  to  cement  is  injurious.  The  salt  in 
crystallizing  creates  a  force  in  opposition  to 
adhesion,  and  at  the  same  time  possesses  the 
property  of  attracting  moisture. 

In  laying  sidewalks,  stakes  should  be  set  to 
grade  and  to  aline  with  either  edge  of  the 
walk  (allowing  for  the  thicknees  of  the  mold 
boards),  the  other  side  being  obtained  by 
leveling  across,  allowing  an  outward  pitch  of 
about  i  inch  to  the  foot  Straight-edged 
strips  are  nailed  to  the  inside  of  each  line 
of  stakes,  with  the  top  edges  level  with 
them,  to  form  the  mold  for  the  concrete. 
The  same  precautions  to  prevent  random 
cracking  should  be  observed  as  in  cellar 
fioors.  Usually  a  walk  is  ready  for  use  in 
about  48  hours  after  completion,  and  the 
forms  may  then  be  removed. 

A  walk  of  this  kind  can  be  laid  at  a  cost  of 
about  12  cents  per  square  foot,  with  Portland 
cement  costing  |3.25  per  barrel.  While  it  is 
desirable  to  use  Portland  cement  throughout, 
the  natural  or  Rosendale  cement  may  be 
substituted  for  it  in  the  concrete  layer,  thus 
reducing  the  cost  considerably,  without 
seriously  afiecting  the  quality  of  the  walk. 


NOTES. 


At  thb  annual  convention  of  the  N.  A.  S. 
£.,  at  St.  Louis,  in  September,  the  St.  Louis 
Steel  Wire  Brush  Company,  318  North  Main 
Street,  presented  each  of  the  delegates  with 
a  handsome  memorandum  book  containing 
useful  and  varied  information.  They  have 
a  few  left  and  will  take  pleasure  in  mail- 
ing one  to  any  engineer  that  will  send  his 
name. 

"Woodworkers'  Tools,"  published  by 
The  Chas.  A.  Strelinger  Co.,  Detroit,  Mich., 
contains  descriptions  of  new  tools,  the  rela- 
tion of  price  to  quality,  etc.  An  interesting 
feature  is  a  **  Patent  Department,"  contain- 
ing incidents  from  the  company's  experience, 
information  and  advice  for  inventors,  etc 
As  an  appendix,  the  book  contains  a  short 
treatise  on  **  Geometry  for  the  Trade,"  and 
a  short  glossary  of  architectural  terms,  which 
conveys  much  reliable  information  in  a  con- 
densed form. 

The  latest  catalogue  of  the  Chicago  House 
Wrecking  Company,   whose  advertisement 


appears  elsewhere  in  this  issue,  has  been 
received,  and  from  it  we  learn  that  the  latest 
move  of  this  enterprising  concern  has  been 
to  purchase  the  buildings  of  the  Omaha 
Exposition,  and  preparations  are  now  being 
made  to  take  down  these  buildings  and 
move  them  to  Chicago  in  such  shape  that 
they  can  be  set  up  complete  again  if  neces- 
sary. They  are  also  preparing  to  bid  for  the 
buildings  of  the  Paris  Exposition.  This  is 
the  same  company  that  bought  the  buildings 
of  the  World's  Fair,  at  Chicago,  at  the  small 
cost  of  $80,000  for  all  the  materials;  they 
also  bought  all  the  materials  composing  the 
great  Chicago  poet-office  building;  besides  a 
long  list  of  other  buildings  of  lesser  note. 
This  business  is  not  limited  to  buying  expo- 
sition and  other  large  buildings;  representa- 
tives are  stationed  in  all  the  large  commercial 
centers  to  buy  large  stocks  •of  goods  of  any 
kind  that  may  be  thrown  on  the  market 
Send  to  the  Chicago  House  Wrecking  Com- 
pany, West  35th  and  Iron  Streets,  Chicago, 
for  catalogue  No.  165. 
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An  Exchange 


Members  of  ths  Crafta. 


Readers  are  solicited  to  tend  iu  anj/ 
inquiriei  and  itctementt  of  faett  eoming  under 
their  obtervation,  vikieh  they  deiire  Co  have  dU- 
eutied  by  their  fellow  tcorkmen.  Any  rough 
pencil  ik^chet,  helpful  to  an  explanaium,  wilt 
be  touched  up,  if  neeeuary,  and  preterded  in  good 
/orm. 

Afxeptable  aTOvxre  and  descripHone  of  work, 
other  than  direct  iTujuirie*,  will  be  paid  for,  wlien 
puMithed,  at  our  regular  ratei. 

Cbmmuittcation*  intended  for  this  department 
ihouldbefiearlyaddreeeed"  C.  and  S."  Editcn 
of  SasKCB  AND  iNBtwrEY,  Scranton,  Pa. 

Write  on  one  tide  of  tJie  paper  only.  Mate 
tketchei  on  teparate  theets  of  paper.  The  name 
of  the  writer  vriU  appear  in  tiie  magadne,  wnfcw 
te  reqiietled. 


STRAIOHTENINQ  DRAWING  PAPBR. 

C.  T..  Oeveland.  Ohio. 

■  Havb  vou  ever  been  bothered  with  a  sheet 
of  drBwing  paper  that  baa  been  in  a  tight 
roll  for  Bome  time,  and  de6e8  all  effortB  to 
Btraigbten  it?  If  jou  have,  I  will  surest 
a  way,  which,  though  old  to  manj,  may  be 
new  to  Boine. 

Take  the  refractor}'  sheet  b;r  the  ends, 
and  while  pressing  the  convex  aide  against 
the  eharp  edge  of  the  table,  move  it  gently 
apward  and  downward,  taking  care  not  to 
allow  the  paper  to  double  at  the  edges.  If 
yoQ  have  never  tried  this  method  before, 
yon  will  be  eurprised  how  neat  your  sheet 
will  appear,  and  instead  of  having  all  the 
wrinkles  and  kinks  caused  by  reverse  roiling, 
it  will  be  as  smooth  and  straight  as  though 
JDBt  taken  from  the  portfolio. 

CONNBCTIONS  FOR  A  OAS  STOVE. 


the  met«r  and  connecting  up  the  stove  com- 
plete;  but  he  wanted  more  for  that  than  I 
could  possibly  save  in  three  years  by  using 
the  meter,  so  I  decided  to  do  the  job  myself. 
I  worried  over  the  thing  for  a  day  or  two, 
and  then  fell  on  a  good  scheme.  (See  cut.) 
I  simply  set  the  meter  on  a  shelf  in  the 
kitchen,  and  connected  the  outlet  to  the 
stove,  and  the  inlet  to  a  fitting  on  a  gas 


bracket,  as  shown.  It  works  first  class, 
but  my  gas  bills  are  high,  particularly  for 
lighting;  I  don't  understand  it,  but  I 
suppose  it  is  all  right.  I  would  like  to 
know    what    your    readers   think    of  my 


Mt  wife  bought  a  gas  stove  to  cook  with 
during  the  summer,  for  our  kitchen  gets 
stifling  hot  when  she  cooks  on  the  coal 
stove.  The  gas  company  charges  80  cents 
per  thousand  cubic  feet  when  we  use  gas  for 
cooking  pnrpoeee,  but  when  we  use  the 
Bame  gas  for  lightiug  purpoeee  they  charge 
91.25  per  thousanl  cubic  feet.  The  gas 
ccHnpony  supplies  us  with  a  meter,  and  we 
an  at  tiie  expense  of  fitting  it  np.  I  got  a 
plumber  to  give  me  the  cost  of  patting  in 


BBNDINQ  IRON  PIPE  FOR  STAIR 

Joteph  L.  Brovm,  Ballinvire.  ltd. 

To  BKND  an  iron  pipe  for  a  circular  stair  is 
not  one  of  the  easiest  jobs  in  the  world,  and 
I  myself  have  seen  many  a  good  mechanic 
despair  at  the  seemingly  impossible  under- 
taking; and  yet,  to  bend  that  pipe  is  like 
everything  else — "easy  enough  when  yon 
know  how."  For  the  benefit  of  those  Uiat 
may  have  to  bend  pipe  hand  ni\  now  and 
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then,  and  have  to  get  along  with  "kiaka 
and  wrinkles,"  I  wish  to  explain  a  simple 


method,  tried  and  true,  and  send  the  accom- 
panying figure  to  more  clearly  explain  it 

Take  an  iron  bar  about  4  in.  X  i  in.  X  3  ft. 
S  in.,  aad  give  it  the  helix  form  correapond- 


ing  to  your  otair;  or,  if  you  have  to  um  the 
tool  often,  give  it  the  average  shape  of  the 
regular  run  of  yonr  work,  probably  abont 
3  feet  radiua  to  a  10-  or  12-foot  pitch.  At 
the  top  end  of  the  bar,  a  staple  or  eye  is 
riveted  on,  to  pve  a  secure  hold  for  the 
pipe  while  balding  it  Along  the  bar,  drill 
^)-inch  holes  abont  2  inches  apart,  to  receive 
j-inch  pina,  ground  pointed  so  as  to  allow 
them  to  be  driven  in  secorely,  at  least  on  the 
inside  of  the  carve — the  space  between  the 
two  rows  of  pina  being  anffldent  to  admit 
the  pipe.  After  having  eeraired  the  tool  to  a 
post  or  door  frame  about  6  or  7  feet  high, 
insert  your  pipe  in  the  staple,  and  bend 
downwards  and  tight  to  the  pina  on  the 
inaide  of  the  curve  for  about  6  inches.  Then 
insert  pina  on  the  outside,  and  bend  another 
S  inches,  and  bo  on.  After  getting  accna- 
tomed  to  thia  method,  you  will  find  it  unnec- 
essary to  insert  the  outmde  pins,  bat  it  ia 
advisable  to  use  them  until  yon  become 
accustomed  to  the  work.  With  a  well-taid- 
out  form,  and  some  experience  and  ability 
for  fitting,  it  ia  poaaible  to  ahape  a  hand 
rail  in  from  one  to  three  trials.  The  reason 
for  uaing  pina  instead  of  an  angle  is  only 
a  matter  of  time  saving  in  the  making  <i 
the  tool. 
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PBRPKCTION  VBNTtLATOR. 

Im  th^x  days  of  sanitary  improvements 
and  pronounced  hygienic  attainments,  the 
enbject  of  ventilation  stands  very  promi- 
nent, and  all  apparatus  that  help  to  increase 
the  wbolesomeneea  of  the  air  in  our  bomee, 
echoola,  factoriea,  shipa— yea,  and  in  our 
street  care,  too— are  subjects  worthy  of 
careful  consideration.  To  have  a  whole- 
some atmosphere  in  any  enclosed  apace  we 
moat  secure  a  removal  of  the  air,  and  when 
natural  ventilation  is  employed,  it  is  neces- 
sary to  equip  the  ventilating  flues  with 
some  contrivance  that  will  prevent  a  back 
current  of  the  foul  air  and  keep  out  anow, 
rain,  and  wind. 

The  "Perfection  Ventilator,"  ahown  in 
the  accompanying  figure,  ia  designed  for  thia 
purpose.  It  is  built  on  scientific  pnnciplea, 
and  is  claimed  to  be  the  most  up-to-date 
ventilator  yet  conatructed.  The  "get-up" 
is  very  simple,  strong,  rigid,  and  durable. 
The  upper  shield  is  held  in  position  by  gal- 
vanized  malleable-iron   staves.    It  is   free 


from  obetmctions,  and  is  said  to  be  efficient 
and  storm-proof.  Heavy  galvanized  "Ptt- 
fection  Ventilators"  are  kept  in  stock,  bi^ 
copper  and  brass  ones  are  built  to  order. 

In   determining    the  size    of  ventilator 
desired,  care  should  be  exercised  to  get  one 


large  enough  in  diameter  to  equal  in  sec- 
tional area  the  opening  upon  which  it  ia  to 
be  placed.  It  ia  a  bad  policy  to  place  a  small 
ventilator  upon  a  large  flue.  The  stock  sliea 
of  "Perfection  Ventilators"  range  from  4 
inches  to  60  inches  in  diameter,  and  Uie 
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prices  are  very  reasonable.    Theae  ventila-     ThemftriiiKT'famuheeamovableflaiige,  by 
tore  are  maoufactured  by  Berger  Bros.  Com-      means  of  which  a  tight  joint  may  be  made, 
pany,  231-237  Arch  Street,  Philadelphia,  I^      These  fittings  can  be  had  bent  or  straight, 
Get  their  estimate  on  your  next  order  for 
ventilatoTB  and  try  them. 

BLBOW  FOR  FLUSH  PIPB8. 

Thb  AocoMPANriNQ  figure  shows  a  conve- 
nient elbow  for  connecting  flush  pipes  to 
water  closets.  These  elbows  are  made  of  rob- 
ber, and  are  particularly  adapted  for  closets 
in  buildings  where  there  is  a  liability  of 
either  closet  or  flush  pipe  being  shaken  by 
vibrations,  due  to  machinery  in  motion,  or 
by  the  settling  of  the  buildings.  The  elbow 
shown,  which  is  known  as  the  "Superior," 
is  an  especially  handy  one;  it  may  be  short- 
ened by  removing  the  brass  shell  S  and  cut- 
ting off  the  rubber  to  any  length  required. 


either  for  flush  pipes  or  vent  pipes.  They 
are  made  in  the  usual  sizes,  and  the  pricea 
range  from  $6.00  to  $12.00  per  dozen,  accord- 
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THEwoodcommonly  employed  in  the  con- 
struction of  tanks  and  vats  for  holding 
water  is  cypress  or  cedar.  The  tanks  are 
built  of  staves,  hooped  together,  Mannfac- 
turere  usually  ship  them  "knocked  down," 
and  if  they  come  long  distances,  the  staves 
and  bottoms  are  crated  in  packages  conve- 
nient for  handling,  so  that  they  may  not  be 
damaged  en  route.  In  carload  lots,  however, 
they  are  seldom  crated.  Small  tanks  are 
usually  hooped  with  ^-inch  to  {-inch  round 
iron,  the  bottom  hoop  being  made  of  flat 


the  building.  The  middle  tank  is  conve- 
nient for  manufacturing  purpoeea  as  a  dye 
tub,  etc.;  but  if  used  inside  a  building  for 
plumbing  purposes,  it  must  be  lined  with 
copper  or  lead,  to  insure  tightness.  The 
structure  at  the  left  is  known  as  a  vat,  and 
is  commonly  used  for  manufacturing  pur* 
poses.  Stave  tanks  should  always  be  set  on 
a  good  solid  fotindatioo.  The  weight  of  the 
tank  should  not  be  allowed  to  rest  upon  the 
chimes,  that  is,  the  part  of  the  slaves  (hat 
project  below  the  bottom.    The  lank  should 


iron.  Large  sizes  are  hooped  with  ^-inch 
to  1^-icch  soft-steel  bands,  and  all  hoops, 
both  round  and  flat,  on  the  better  grade  of 
tanks,  are  provided  with  draw-lugs  and 
bolts,  a  tufhclent  number  of  lugs  being 
placed  on  each  hoop  to  insure  a  uniforru 
tension  and  consequent  thorough  tightness 
of  the  staves.  The  accompanying  cut  shows 
three  forms  of  tanks,  or  rather  two  tanks 
and  one  vat.  The  tank  at  the  right  is  the 
ordinary  form  used  for  supplying  buildings 
with  water.    They  are  usually  set  outside 


always  rest  on  its  bottom.  If  it  sets  on  the 
chimes,  the  weight  of  the  water  will  burst 
the  bottom,  or  so  stnun  the  tank  as  to  cause 
it  to  spring  aleak. 

The  directions  for  setting  up  a  stave  tank 
are  as  follows;  Lay  the  bottom  down  on 
pieces  of  timber  that  are  large  enough  to 
receive  it,  and  high  enough  that  the  ends  of 
staves  will  not  rest  on  anything.  It  will  be 
noticed  that  the  bottom  pieces  are  marked. 
These  marks  should  be  placed  upwards,  and 
come  in  order.    Then  the  staves  should  be 
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set  up.  Care  must  be  taken  to  use  a  wooden 
mallet  in  driving  the  staves  together.  Iron 
tools  batter  the  wood  too  much  and  cause 
leakage.  The  staves  should  be  laid  in  line 
by  dowels,  which  are  set  in  as  the  work  of 
putting  up  the  staves  progresses.  After  the 
staves  are  all  up,  the  hoops  are  put  on,  start- 
ing from  the  bottom  and  working  upwards, 
and  the  tanks  are  filled  with  water  as  soon 
as  possible  after  setting  up. 

Wooden  tanks  are  made  in  different  sizes, 
from  4  feet  in  diameter  by  1  foot  6  inches 
in  depth,  containing  141  gallons,  and  costing 
about  $10.00,  to  those  20  feet  inside  diam- 
eter, 9  feet  6  inches  in  depth,  containing 
2,325  gallons  and  costing  about  $270.00  (list 
price)  complete. 

The  following  table  is  very  convenient  for 
determining  the  capacity  of  tanks  in  United 
States  gallons  for  each  foot  in  depth. 

Tanks  exposed  to  the  weather  should  be 
provided  with  covers,  and  they  should  never 
be  allowed  to  stand  empty,  for  the  sun 
shrinks  the  wood  and  loosens  the  entire 
structure.  They  should  not  remain  empty 
even  during  winter,  although  exposed  to  the 
frost.  In  such  cases  an  arrangement  should 
be  placed  inside  the  tank  to  prevent  the 


expansion  of  the  water,  by  frost,  from  burst- 
ing the  tank. 


Diameter. 
Feet. 


2' 
2' 
3' 
3' 
A' 

y 

6^ 

7' 

7' 

S' 

8' 

9^ 

9^ 

10^ 

10^ 

lU 

IV 


0'' 
6'' 
(y 
6'' 
0'' 

(y 

0'' 
6^^ 
0'' 

0'^ 

0^^ 
6^^ 
0'' 
6^^ 
0'' 
6^' 
0^' 


OftUons  for 
1  Ft.  Depth. 


23.50 
36.70 
52.86 
71.96 
94.02 
119.00 
146.83 
177.67 
211.44 
248.22 
287.84 
330.48 
376.00 
424.44 
475.87 
553.67 
587.50 
647.73 
710.90 
777.00 
846.40 


Diameter. 
Feet. 


12' 
13' 
13' 
14' 
14' 
15' 


6" 
0" 
6" 
0" 
6" 
0" 


15'  6" 
16' 0" 
16'  6" 
17' 0" 
17'  6" 
18'  0" 
18'  6" 
19'  0" 
20' 0" 
25' 0" 
30' 0" 
35' 0" 
40' 0" 
45'  0" 


Gallons  for 
1  Ft.  Depth. 

917.98 
992.90 
1,070.74 
1,151.50 
1,235.25 
1,321.90 
1,411.51 
1,504.04 
1,599.51 
1,697.92 
1,799.19 
1,903.53 
2,010.21 
2,120.94 
2,350.00 
3,570.70 
5,287.70 
7,189.00 
9,367.20 
11,893.20 
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The  Slidb  ValvEj  Simply  Explained.  By 
W.  J.  Tennant;  revised  and  enlarged  by  J. 
H.  Kinealy.  Spon  &  Chamberlain,  12  Cort- 
landt  Street,  New  York.    Price,  |1.00. 

While  there  are  a  number  of  works  in  the 
market  that  treat  on  steam  distribution  as 
effected  by  the  slide  valve,  there  is  none 
we  are  acquainted  with  that  presents  the 
subject  matter  to  the  reader  in  the  simple 
manner  adopted  by  the  author  of  this  little 
book.  Believing  it  to  be  desirable  that  the 
reader  should  have  in  his  possession  a  model 
that  would  give  him  graphical  results,  ena- 
bling him  to  compare  the  actions  of  differ- 
ent valves  under  varying  conditions,  the 
author  has  devised  a  cardboard  model  that  is 
simplicity  itself.  In  logical  order  the  author 
treats  of  the  simple  slide  valve,  the  eccentric 
as  a  crank,  advance  of  the  eccentric,  the 
dead  center,  order  of  cranks,  cushioning  and 
lead,  inside  and  outside  lap  and  lead,  com- 
pression, double-ported  and  piston  valves, 
the  effect  of  alterations  to  valve  and  eccen- 
tric, notes  on  link  motion,  notes  on  very 
early  cut-off  and  on  reversing  gears  in 
general,  and  other  similar  matters. 


Jim  Skbevers'  Object  Lessons  on  Rail- 
roading, FOR  Railroaders.  By  John  A. 
Hill.  The  American  Machinist  Press,  218 
William  Street,  New  York,  N.  Y.  Price, 
11.00. 

About  ten  years  ago  the  first  one  of  these 
sketches  appeared  in  the  columns  of  "  Loco- 
motive Engineering,"  and  being  well  re- 
ceived, enjoyed,  and  appreciated,  was  fol- 
lowed by  others  written  along  the-  same 
lines.  These  have  finally  been  collected 
and  are  reprinted  in  the  present  form. 
While  primarily  written  for  railroad  men, 
dealing  with  phases  of  life  on  the  foot-board, 
in  the  roundhouse,  in  the  shop,  and  in  the 
office,  that  the  general  public  knows  nothing 
about,  the  masterly  portrayal  of  odd  charac- 
ters, and  the  intimate  knowledge  of  peculiar 
conditions  in  the  relation  between  the  men 
outside  and  the  office  force  that  is  displayed, 
coupled  with  the  quaint  and  palatable  ^tyle 
of  writing  peculiar  to  the  author,  makes  this 
book  one  that  can  be  read,  enjoyed,  and 
appreciated  by  any  one,  even  though  they 
have  no  special  knowledge  of  railroad  work 
and  are  not  interested  in  that  line  of  busineee. 
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Hon.— ilddreM  off  UUert  contaMng  quetHont  to  he 
amtwered  in  thU  department  to  Scdence  and  Industry, 
Serantont  Pa. 

1.  Put  this  oOdrtM  6oM  on  the  envelope  and  at  the 
hsadqf  the  letter. 

f .  Onty  quettUmi  qf  general  interest  to  our  readers 
taiU  be  answered. 

$.    No  questions  toiU  be  answered  by  maH. 

L  Drawings  or  sketches  aeeompanying  questions  should 
be  made  on  a  separate  sheet  qf  paper,  and  should  be 
drawn  as  dearly  as  possible. 

§.  The  names  and  addresses  C(f  the  writers  m^st 
aeeompany  the  letters,  ornoaUenUonvfiUbepaidlothem. 
Unless  othenriserequested^wewiUptMish  only  theindUals 
and  address  of  the  writer, 

$.  B^erenee  to  inquiries  previously  answered  should 
giee  date  qf  issue  cmd  number  of  question. 

7.  Any  book  not  out  qf  print  and  for  sale  by  reguUsr 
dealers  may  be  ordered  through  the  magaeine. 


(817 )    Referring  to  enclosed  sketch,  I  wish  to  know 
how  to  find  the  stress  on  the  rod  r  caused  by  the 
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Weinkt  of  lever  1*  lb*,  per  foot. 


7 


1 


u* 


weight  of  the  lever  I.  In  none  of  the  articles  on  the 
lever  that  I  have  seen  in  textbooks  is  the  weight  of 
the  lever  itself  considered. 

W.  C.  T.,  N.  Adams,  Mass. 

Akb.— The  weight  of  the  lever  I  is  Imagined  as  con- 
centrated in  the  center  of  gravity  c,  which  in  this 
case,  the  lever  being  a  bar  of  uniform  cross-section 
throughout,  is  located  in  the  middle  as  indicated, 
and  distant  i^om  the  fblcrum  34  inches.  We  then 
have  for  the  stress  in  the  rod  r 


S  = 


34  X  U'       34  X  12  X  6 


10 


10 
♦  * 


=  244.8  lb. 


(318)  (a)  The  enclosed  sketch  represents  Sanford 
A  Hallory's  flax  brake,  with  Pilgrim's  step  motion: 
taking  the  coefficient  of  journal  friction  as  .10.  gear- 
tooth  friction  as  .25,  and  belt  friction  as  .28,  what  Is 
the  efficiency  of  the  machine  for  the  position  given  ? 

(b)  What  are  the  separate  forces  exerted  by  each 
moving  piece?  Take  resistance  at  the  flax-brake 
rolls  as  1,000  pounds.     Give  analysis  graphically. 

(c)  What  is  Dr.  Rodenberg's  method  of  using  the 
qnadric  chain  for  finding  the  acceleration  of  compli- 
cated linkages?  (d)  Illustrate  Reuleaux's  famous 
law  of  the  relationship  of  mechanisms. 

V.  a,  Canton,  Ohio. 

AUB.— We  believe  the  space  devoted  to  Answers  to 
Inqalries,  as  well  as  our  time,  too  valuable  to  give 
as  much  of  either  as  will  be  necessary  to  answer  the 
aboye  questions,  evidently  copied,  together  with  the 
sketeh,  from  a  circular  issued  by  the  Lehigh  Univer- 


sity. Besides,  we  do  not  consider  the  matter  of 
sufficient  general  interest  to  warrant  our  giving  the 
answers  requested. 

*  * 

(319)  (a)  Given,  a  boiler  partly  filled  with  water 
in  ordinary  working  condition,  the  rauge  showing  a 
pressure  of  200  pounds,  what  will  oe  Ibe  result  if 
water  of  the  same  temperature  as  that  in  the  boiler 
is  pumped  in?  How  will  the  steam  pressure  be 
aflTeoted?  Would  the  temi>erature  of  the  steam  be 
increased?  Explain  in  gen- 
eral terms,  (b)  Referring  to 
enclosed  sketch  of  cylinder, 
if  the  space  a  is  filled  with 
steam  at  100  pounds  gauge 

Sressure,  and  the  space  be 
ecreased  by  moving  the 
piston  b  two  inches,  what 
will  be  the  pressure  and 
temperature  of  the  steam? 
Please  show  calculations. 
H.  F.,  Boston,  Mass. 
Ans.— (a)  The  steam  pres- 
sure will  be  increased,  and 
its  temperature  will  also 
rise  correspondingly,  (b)  In 
engineering  practice,  calcu- 
lations pertaining  to  the 
expansion  of  steam  are 
usually  conducted  on  the 
assumption  that  the  prod- 
ucts of  the  successive  pres- 
sures and  volumes  have  a 
constant  value;  that  is,  p  v  = 
Pi  vi,  where  p  and  pi  are  an 
two  successive  absolute  pres- 
sures, and  V,  vi  the  corre- 
sponding volumes;  the  ex- 
pansion curve  thus  obtained 
is  a  rectangular  hyperbola.  The  above  is  true  of  a 
perfect  gas  expanding  under  a  constant  tempera- 
ture, and,  although  steam  is  not  a  perfect  gas  and 
does  not  expand  under  those  conditions,  yet  it 
approximates  thereto,  and  the  assumption  of  hyper- 
bolic expansion  simplifies  calculations.  In  your  case, 
let  p  =  100  -I- 14.7  =  114.7  pounds,  v  =  14,  and  vi  ^  12 
(since  the  volumes  are  proportional  to  the  lengths). 
Then, 

p. = :: = "";^  '* = i33-««. 

or  119.116  pounds  gauge  pressure. 
The  temperature  of  saturated  steam  of  this  pressure 
Is  about  350^  F.  We  assume  from  the  nature  of  the 
dimensions  given  that  you  have  only  the  cylinder  in 
mind  when  talking  of  compressing  the  steam.  If  the 
valve  c  were  left  open,  we  would  require  to  know 
the  capacity  of  the  pipe  d  and  boiler.  If  the  valve 
were  closed,  we  would  have  to  know  the  length  of 
pipe  to  c  and  its  bore. 

(320)  We  are  having  considerable  trouble  with 
some  babbitted  bearings,  which  score  badly,  fill  the 
channels,  and  then  become  hot;  have  tried  various 
kinds  of  metal,  hard  and  soft.  The  oil  is  good,  the 
machine  perfectly  balanced,  the  shaft  is  in  first- 
class  condition,  and  the  belt-strain  is  not  excessive; 
neither  is  there  any  undue  magnetic  attraction. 
Can  you  explain  matters?    E.  V.  B.,  Pawtucket,  R.  I. 

Ans.— Assuming  that  shaft  and  bearing  arc  in  line, 
so  that  pressure  is  fairly  distributed,  and  further 
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usomlDg  other  conditloni  to  be  as  itated  by  yoa,  we 
can  only  suppose  that  there  is  not  a  free  and  saffident 
supply  of  oil.  Of  course,  there  is  a  possibility  that 
you  are  begging  the  question  when  you  say  the  oil  is 
good.  Is  it?  Very  evidently,  other  conditions  being 
as  you  say,  either  the  babbitt  or  the  oil  is  at  fault. 

* 

(321)  Fiffs.  1  and  2  bhow  two  methods  of  driving 
on  an  endless-rope  haulage.  In  Fig.  1,  one  driving 
pinion  drives  both  drums  at  once  through  attached 
spur  wheels;  and  in  Fig.  2,  the  same  pmion  drives 
only  one  drum,  the  other  being  loose.  In  both  cases 
T  represents  the  tension  arrangement.  Which  of 
these  two  arrangements  will  require  the  greater 
amount  of  tension  at  7' to  do  the  same  work? 

C.  £.  B.,  Birmingham,  Ala. 

Ans.— The  tension  balance  shown  at  T  (Figs.  1  and 
2)  serves  a  triple  purpose.  (1 )  It  compensates  for  the 
lengthening  and  shortening  of  the  rope,  due  to  expan- 


sion and  contraction.  (2)  It  obviates  undue  stresses 
being  brought  upon  the  rope,  suddenly,  by  accident. 
(3)  It  gives  to  the  running-off  or  tail  rope  the  tension 
necessary  to  prevent  any  slipping  on  the  drum, 
under  the  load  L.  For  the  same  work,  the  tendency 
to  slip  is  proportional  to  the  arc  of  contact  of  the 
rope  upon  the  driver.  In  Fig.  1,  both  drums  act  as 
drivers,  and  hence  present  double  the  arc  of  contact 
shown  in  Fig.  2.  where  one  drum  only  is  a  driver. 
Hence,  there  is  an  increased  tendency  to  slipping  in 
the  arrangement  shown  in  Fig.  2,  to  obviate  which 
the  tension  balance  must  be  heavier. 

*  * 

(322)  (a)  Given,  a  cross-compound  air-compressing 
engine  having  steam  cylinders  16  in.  x  26  in.  x  80  in., 
and  18-inch  air  cylinders.  The  engine  is  running  at 
70  revolutions  per  minute,  comprising  the  air  to  a 
pressure  of  90  pounds;  what  Is  the  pressure  on  the 
crankpins  and  main  bearings?  (b)  In  usfns  com- 
pressed air  for  an  engine,  do  you  economize  by  cut- 
ting off  at  half  stroke,  as  with  steam  ? 

W.  D.  H.,  Westville,  U.  8. 

An8.— (a)  You  say  nothing  as  to  whether  it  is  a 
two-stage  compressor  or  not,  nor  whether  any  cool- 
ing device  is  employed.  Considerable  other  data 
might  have  been  given.  Making  our  own  assump- 
tion, we  estimate  the  pressure  in  question  as  about 
10  tons,  (b)  Yes.  A  given  quantity  of  air  is  not  so 
valuable,  however,  for  performing  work  as  is  the 
same  volume  of  steam  at  the  same  pressure.  If  we  use 
steam  and  air  (of  the  same  initial  pressure)  in  similar 
cylinders  with  same  cut-off  in  each  case,  the  mean 
effective  pressure  will  be  less  for  the  air  than  the 
steam.  In  fact,  a  cut-off  of  about  25  per  cent,  will 
be  required  to  give  the  same  mean  effective  pressure 
as  a  20-per-cent.  cut-off  with  the  steam. 

* 
«  * 

(323)  (a)  What  kind  of  wire  will  be  most  durable 
if  exposed  to  fire?  (6)  In  "The  Steam-Electric 
Magasine,"  June,  1899,  Answers  to  Inquiries.  No.  118, 
you  say  that  a  non-condensing  engine  exhausting 
into  a  smokestack  will  have  more  back  pressure 
than  one  exhausting  into  the  atmosphere.  In  the 
case  of  a  locomotive,  where  the  exhaust  takes  place 
in  the  same  direction  as  the  column  of  ascending  hot 
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air  and  gaaet,  would  not  the  resistance  to  the  escape 
of  steam,  and,  consequently,  the  back  preasore,  be 
le«  than  if  the  exhaust  toox  place  directly  into  the 
atmosphere?  (c)  What  is  meant  by  the  expreoion, 
"15  inches  of  vacuum"?  (d)  Can  you  recommend 
any  one  whom  I  could  consult  regarding  the  feasi- 
bility, details  of  construction,  etc.  of  an  appliance 
that  might  be  worth  protecting  by  letters  patent? 

C.  B..  Creston,  B.  C. 

Alls  —(a)  Platinum  wire.  (6)  In  actual  working, 
the  exhaust  jet  spreads  so  as  to  fill  the  stack  at  or 
near  the  bottom;  there  is,  thus,  a  certain  amount  of 
surface  friction  acting  to  retard  the  exit  of  the  steam , 
in  addition  to  there  being  an  eddying  action  of  the 
particles  of  steam  and  gases.  The  escaping  steam 
has,  further,  to  entrain  and  drag  along,  or  otherwise 
displace,  the  hot  air  and  the  gases  of  combustion.  As 
the  velocity  of  the  steam  is  much  greater  than  that 
of  the  ascending  air  (this  latter  having  an  ascending 
power  of  its  own  in  virtue  of  its  being  at  a  higher 

temperature  than  the  outer  atmos- 
phere), the  steam  has  to  impart 
some  of  its  velocity  to  this  air,  and 
is  thus  itself  retarded  —  which 
means  more  back  pressure  in  the 
cylinders.  Very  often  the  noszles 
are  badly  shaped  and  set,  so  that 
the  steam  expands  to  the  sixe  of 
the  stack  bore  before  reaching  the 
latter,  thus  striking  on  the  smoke 
arch  and  greatly  impeding  the 
exhaust  Bearingall  this  in  mind, 
we  should  be  inclined  to  say  that 
the  back  pressure  would  be  less 
if  exhausting  into  the  atmosphere  direct,  (e)  If 
the  pressure  inside  a  certain  vessel  were  the  same  as 
that  of  the  atmosphere,  it  would  support  a  column  of 
mercury  80  inches  high.  (We  take  this  as  the  aver- 
age value,  with  temperature  at  60°  F.,  which  gives  a 
pressure  of  14.7  pounds  per  square  inch.)  If,  now. 
the  pressure  in  the  vessel  be  decreased,  it  will,  of 
course,  support  a  lesser  weight,  that  is,  a  shorter 
column  of  mercury.  When  the  pressure  is  reduced 
say  6  pounds,  that  is,  down  to  8.7  pounds,  it  will 

8  7 
support  a  column  of  mercury  ~,  or  17|  inches  high, 

and  we  then  say  there  are  80  —  17]  =  12i  inches  of 
vacuum  in  the  vessel.    If  the  pressure  drops  to  2 

2 
pounds  per  square  inch,  it  can  support  ;^ .  or  about 

4  inches,  and  we  say  there  are  26  inches  of  racuum. 
If  the  mercury  falls  ftt>m  30  inches  to  15  inches  (a  drop 
of  7.35  pounds  in  the  pressure),  we  say  there  is  15 
inches  of  vacuum,  (d)  If  yon  have  a  friend  who 
understands  the  line  of  work  the  invention  deals 
with,  and  you  regard  him  as  reliable,  consult  him: 
if  you  have  no  such  friend,  communicate  with  some 
consulting  engineer  in  that  particular  line. 

* 
*  * 

(324)  (a)  What  is  the  correct  pronunciation  of  the 
word  aulomobiHng,  in  the  sense  of  riding  in  a  self- 
propelling  carriage?  (6)  When  a  moving  body 
suddenly  changes  the  direction  of  its  motion,  as  the 

Siston  of  an  engine,  or  a  baseball  struck  with  a  bat, 
oes  the  body  come  to  rest?  (e)  Are  the  advertises 
in  "The  Mecnanic  Arts  Magazine"  reliable  firms? 
(d)  Please  give  instructions  for  making  a  wood-turn- 
ing lathe  and  a  jig  saw  from  an  old  sewing  machine. 

L.  L.  D..  Steelton.  Pa. 

An8.— (a)  We  have  not  heard  the  verb  to  automobile, 
nor  its  participle  automoMling.  If,  however,  we  must 
bear  the  use  of  words  so  monstrous,  we  think  the 
pronunciation  of  the  verb  should  be  the  same  as  that 
of  the  nonn^auifd  md  beet,  the  primary  accent  being 
on  the  last  syllable.  (This  is  the  French  pronuncia- 
tion; there  is  no  recognized  English  pronuindation.) 
(6)  In  the  mathematical  treatment  of  mechanical 
problems  of  this  kind,  the  motion  of  the  body  is 
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supposed  to  be  coDtinuous;  there  is  properly  no 
stoppage,  as  this  would  be  a  break  of  continuity.  It 
is  true  that  the  body  ceases  to  move  in  one  direction; 
but  the  instant  at  which  this  occurs  coincides  with 
the  instant  at  which  the  body  begins  to  move  in  the 
opposite  direction.  From  the  point  of  view  of  meta- 
physics, the  question  of  the  continuity  of  motion, 
and  of  continuity  in  general,  is  a  difficult  one,  and 
we  cannot  discuss  it  in  this  magazine,  (c)  While  we 
cannot  guarantee  their  responsibility,  we  believe 
that  the  firms  advertising  in  "The  Mechanic  Arts 
Magazine  *'  are  thoroughly  reliable  business  houses. 
(d)  We  are  unable  to  fUmish  this  information.  Per- 
haps some  of  our  readers  will  assist  us  in  this  respect. 

* 

*  # 

(325)  "Tate's  Philosophy,"  in  describing  the  sun 
and  planet  wheels,  savs:  "  Assuming  the  two  wheels 
to  be  equal,  then,  while  the  connecting-rod  makes 
an  up-and-down  stroke,  or,  what  is  the  same  thing, 
while  the  planet  wheel  makes  one  revolution  around 
the  center  of  the  system,  the  central  wheel  with  the 
flywheel  will  have  performed  two  revolutions;  for 
in  this  case  every  tooth  in  the  planet  wheel  will 
have  come  twice  into  contact  with  the  teeth  on  the 
central  wheel."  Please  explain,  and  give  the  prin- 
ciple involved,  or,  if  this  haj  already  been  expUined 
in  "  The  Mechanic  Arts  Biagazine."  in  which  number 
shall  I  look  for  it?         lTc.  P.,  Fort  Fairfield,  Me. 

Ams.— To  explain  the  principle  of  this  motion  by 
the  principles  of  the  eplcyclic  train  would  require 
more  space  than  we  can  spare.  The  following 
explanation  is  much  shorter  and  we  believe  fUUy  as 
satisfoctory.  For  simplicity,  let  us  assume  that  the 
connecting-rod  c  (see  figure)  is  very  long,  so  that  we 

may  consider  that  it 
remains  always  par- 
allel to  any  original 
position.  Then,  the 
rod  e  and  wheel  b  has 
a  motion  of  circular 
translation,  and  each 
point  has  the  same  ve- 
locity; thus,  the  point 
P  has  the  same  veloc- 
ity as  the  point  S  at 
the  center  of  the  planet 
wheel.  You  under- 
stand, of  course,  that 
the  planet  wheel  is 
rigidly  Dutened  to  the  rod  c.  Now,  the  point  P 
of  the  central  wheel  a  must  move  with  the  same 
velocity  as  the  point  on  the  circumference  of  the 
planet  wheel  with  which  it  is  in  contact.  Hence, 
the  points  of  the  pitch  circle  of  the  central  wheel 
have  exactly  the  same  velocity  as  all  the  points 
on  the  planet  wheel,  in  particular  the  point  S. 
Since,  now,  the  points  P  and  S  have  the  same 
velocity,  and  P  is  traveling  in  a  circle  whose  radius 
is  one-half  that  in  which  the  point  S  is  travel- 
ing, it  follows  when  S  makes  one  revolution,  P,  to 
travel  the  same  distance,  in  the  same  time,  must  go 
twice  around  its  circle.  In  other  words,  the  wheel  a 
must  make  two  turns  while  the  planet  wheel  is 
making  one  revolution.  The  reasoning  holds  good 
when  the  connecting-rod  is  short,  as  in  practice, 
except  that  the  velocity  of  a  point  P  on  the  pitch 
drole  is  equal  to  the  average  velocity  of  the  center  S  of 
the  planet  wheel.  Part  of  the  time  ;S  is  moving  a 
little  fluter  than  P,  and  part  of  the  time  a  little 

slower. 

* 

*  * 

(826)  (a)  How  Car  does  the  mercurv  penetrate 
when  amalgamating  zincs  are  about  ^  inch  thick  ?  (b) 
At  what  temperature  does  crude  petroleum  freeze? 

H.  N.,  Bayonne,  N.  J. 

Aifs.— (a)  If  the  zincs  are  amalgamated  by  rubbing 
on  the  mercury  until  the  surface  is  covered,  and  then 


\k. 
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rubbing  off  all  the  surplus  mercury,  the  amalgama- 
tion will  penetrate  from  ^  to  iV  inch.  If  a  zinc  plate 
were  allowed  to  rest,  with  a  surplus  of  mercury  on 
its  surface,  the  mercury  would,  in  time,  work  its 
way  completely  through  the  zinc.  (6)  It  is  impossi- 
ble to  give  any  definite  temperature  as  the  freezing 
point  of  petroleum,  since  the  composition  of  crude 
oils  varies  so  greatly.  Some  of  these  oils  are  very 
thick  at  ordinary  temperatures,  while  others,  again, 
are  comparatively  light.  Asphalt,  ozocerite,  etc. 
are  forms  of  petroleum  that  are  solid  at  ordinary 
temperatures.  The  only  safe  way  would  be  to  deter- 
mine the  freezing  point  of  any  given  sample  by 
experiment,  and  it  is  doubtful,  even  then,  if  the 
exact  freezing  point  could  be  determined,  as  most 
of  these  substances  become  very  viscous  at  low 
temperatures,  and  it  is  difficult  to  tell  at  what  tem- 
perature they  pass  from  the  semifluid  state  to  the 
solid  state. 

*  * 

(327)  (a)  Knowing  the  altitude,  how  would  you 
determine,  approximately,  the  atmospheric  pressure, 
say  for  an  elevation  of  6.500  feet?  (o)  How  are  the 
pistons  of  air  compressors  lubricated?  (e)  An  old- 
time  engineer  claims  that  cylinder  lubrication  is 
utterly  useless,  and  that  the  cylinders  and  pistons 
receive  sufficient  lubrication  from  the  matter  con- 
tained in  the  steam.  He  also  claims  that  oil  is 
not  used  in  the  cylinders  while  live  steam  acts  upon 
the  pistons,  and  that  lubricators  are  onlv  used  when 
a  locomotive  runs  down  grade  and  live  steam  is 
turned  off.  Will  you  give  me  information  on  the 
subject?  X.  Y.  Z.,  Minnehaha,  Ariz. 

Aks.— (a)  The  following  is  a  common  formula  for 
flnding  the  difference  of  elevation  of  two  places: 

H  =  60,884.3  (l  -I-  — -^5o=^^)  dog  A,  -  log  A,), 

in  which  H  is  the  difference  of  elevation,  in  feet, 
and  ti  and  hi,  t^  and  A^i,  are  temperatures  (degrees 
Fahrenheit)  and  barometric  readings  (inches)  at  the 
lower  and  at  the  higher  station,  respectively.  From 
this  formula  we  get 

log  hi  =  log  hi— -^         fij  \  • 

and  from  this  the  value  of  h^  can  be  found,  when  Ai, 
H,  ti,  and  t^  are  known.  Knowing  h^,  the  atmospheric 
pressure  p,  in  pounds  per  square  inch,  is  given 
approximately  by  the  formula 

P  =  14.7  X  ^g  =  .4916  h^ 

If  pressures  are  taken  at  the  standard  temperature 
used  for  scientific  purposes,  that  is,  82°  F.,  then  we 
have,  at  sea  level,  hi  =*  29.9  in.,  and,  for  an  elevation 
of  6,500  feet,  the  formula  gives 

log  As  =  log  29.9  -  ^^^  =  1.3680273; 

whence,  hf  =  23.34  inches,  and  p  =  23.34  X  .4916 
=  11.47  pounds,  {b)  The  air  cylinders  of  a  com- 
pressor are  lubricated  in  much  the  same  way— both 
as  regards  the  kind  of  oil  and  the  style  of  lubricator 
—as  are  the  steam  cylinders,  (c)  Cylinder  lubri- 
cation, although  desirable,  is  often  very  inefficient, 
which  is  perhaps  what  your  informant  means.  Water 
does  act  as  a  lubricant  to  some  extent,  in  that  it  gets 
in  between  the  surfaces  and  keeps  them  apart— this 
being  one  of  the  ftmctions  of  a  lubricant,  and  a 
prompt  carrying  away  of  the  heat  generated  being 
the  other.  Water  has  no  body,  however,  and  is  a 
very  poor  lubricant,  at  best.  As  regards  locomotive 
cylinders:  undoubtedly  in  the  past  these  have  been 
getting  no  lubrication  whatever,  when  running  with 
full  throttle  and  notched  right  up.  In  early  days  it 
was  not  attempted  to  lubricate  them  under  those 
conditions,  the  oil  being  fed  only  when  drifting— 
that  is,  running  with  steam  shut  off.    Even  now. 
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nltb  the  ■utomktic  lubrlcaton  In  geaeni  um.  tba 
■uppi;  lo  the  cyllnden  knd  atetm  cheM  it  verr 
InefflclcntuDderthecoDilitloiiBmenttciDed.ir.  In  Tact, 
anr  oil  gela  there  al  all.  TbU  dllQcalt j  hu,  however, 
been  overcome  by  the  Detroit  Lubrlc&loi  Co.  hj 
Ddng  A  gpeclftl  Ulachment  Ih»l.  when  the  throttle  li 
□peo,  allows  an  auxiliary  Jet  of  live  eteun  to  paa 
Into  tbe  oil  pipe  In  front  oF  the  choke  ping  |l.  e., 
between  It  and  tbe  steam  cbeit),  and  bo  oTercome 
the  realataDce  due  to  pressure  in  the  ateam  cbeit, 

m  boiler  Is  abaalutelr  tight  and  O.  _ 
mtltf  or  waicr.  and  steam  la  raiaed 
f  ion  ppands  without  openlna  any 
•rni'i-.  -'<>'  nil  boiler  !■  then  allowed  to  cool  down. 
would  tbe  quantity  of  water  be  dimlniahed,  and  If 
■o,  where  would  it  got        r.  Q.  B..  Poatvlile.  Iowa. 

ANB.~[f  there  were  no  leak  in  the  boiler  there  wODid 
be  no  diminution  in  tbe  qnantity  of  water  after 
iW«m  had  been  raiKd  and  then  allowed  to  oool 
down.  Any  iteam  tbat  wai  formed  would  be  eon- 
densed  aad  returned  to  water  again  when  the  boiler 
was  oooled  down. 


J 318)    IfaK 
ni  a  given  < 


(339)  Is  there  a  fonndia  that  will  help  me  la  de- 
termining (he  diameter  of  a  bran  footstep  bearing 
for  a  sleel  splndls  tbat  makes  4,000  revolullona  a 
minute,  Bgalnat  a  total  end  preiaure  of  ZOO  pounds  T 
What  la  the  beat  metal  to  use  for  the  above  tiearlng? 
H.  A.  L.,  Norwich,  Conn. 

Atn.—Tbere  Is  no  formola  Ihat  can  help  you,  aa, 
on  account  of  the  higb  speed,  your  ease  Is  an  excep- 
tional one,  and  formulai  such  ss  given  In  memoran- 
dum books,  etc.  are  serviceable  only  for  cases  within 
limits  of  every-day  practice.  Giving  tbe  matter 
a  little  thought,  you  will  see  Ihat  an  ordinary 
brass  step  cannot  be  made  tbat  will  not.  under  the 


ft. -lb.  per  s 


d  ^  diameter  of  step: 

/  =  coelDolent  of  fHotlon  =  A  <">;/-  1.  nearly); 

P  =  200  pounds: 

If  =  4,000  tcTolutlons  per  minute. 

Now,  if  you  were  to  make  tbe  ilep  2  inches  In 
diameter  only  (provided  this  would  not  make  the 
preatoire  between  the  surfaces  In  contact  too  high, 
which  It  actually  doea|.  the  frlctloDal  work  would  be 


L  = 


MOX 


-  13,533  rt.-lb.; 


this  Is  equivalent  to  an  amount  of  beat  per  minuto 
that  cannot  be  taken  care  of  by  ordinary  means. 
Weniggeat  that  you  try  a  ball  bearing,  as  Indicated 
In  the  accompanying  aketob.  The  pressure  being 
comparatlTely  amatt,  yon  can  probably  use  few  balls 
of  large  diameter.  Just  wbat  dlmenslonB  to  adopt 
we  cannot  advise,  not  knowing  particulars  as  to  side 


strains  on  tbe  iliaft.  etc.  Keeping  the  radius  of  tlia 
circle  of  ball  centers  down  reduots  fHcUonal  work, 
and  Increasing  Che  diameter  of  the  balli  does  like- 
wise; hence,  our  suggestion  of  using  few,  but  large. 
balla  Tbe  cupa,  as  well  as  the  balls,  should  b« 
highly  polished  hardened  steel. 

If  water  at  the  outlet 


1330)    Wbat  win  bi 
—  -  ■■''nch  pipe,  wit 
length   of   I 


closed  sketch  T 


the  flow  be  the  same  as  it  the  UI  from  sonroe  u> 
outlet  were  continuous  at  the  rate  of  500  feet  in 
1&  miles,  and  what  would  be  the  loa  per  hundred 
feetdue  to  friction?  W.  P.  T.,  Staunton.  Va. 

Ans.— Tbe  rate  of  flow  will  depend  on  the  distance 
fhim  the  discharge  end  of  the  high  point  In  the  pipe 
line.  If  this  point  Is  not  less  ttian  s  milea  ftom  the 
discharge  end  of  (be  pipe,  and  the  slope  from  it  to 
the  end  Is  moderately  uniform,  the  flow  will  be  the 
Kme  as  If  the  fall  Ih>ra  the  sonrce  to  the  outlet 
were  uniform.  Uuder  these  conditions,  the  flow 
from  a  new,  smooth,  cast-Iron  pipe  will  be  about 
3(  cubic  feet  per  seoond.  If  the  pipe  la  old  and 
rough,  tbe  flow  may  not  be  more  than  TO  per  cent,  of 
this,  or  2i  coble  feet  per  second.  If  tbe  high  pi^t 
in  the  pipe  line  is  lenthanSmileafVom  the  discharge 
end.  the  rate  of  flow  will  t>e  somewhat  leae,  the 
amount  or  the  reduction  being  greater  as  the  high 
polntapproaches  the  endof  the  pipe.  The  fHctlonal 
losses  depend  on  tbe  length  of  tbe  pipe.  Its  diameter. 
Ihe  velocity  of  flow,  and  the  condition  of  the  loner 
surface  of  the  pipe.  There  Is  no  simple  general 
expression  Ibr  the  relation  between  length  of  a  pipe 
and  tbe  frlctional  Iobcb.  In  the  case  of  Ihe  pipe 
under  consideration,  practically  all  of  tbe  energy 
represented  by  the  fsll  of  ibe  water  liom  the  spring 
lo  the  reservoir  at  the  discharge  end  is  absorbed  in 
overcoming  tbe  frlctional  realstancea. 

(331)  (a)  Can  a  com  pound- wound  dynamo  of  100 
amperes  current  capadty  be  overloaded  temporarily 
to  160  amperes,  when  starting  an  electrically  driven 
wagont  (b)  What  percentage  can  a  compound-  or 
a  sount-wound  dynamo  be  overloaded,  temporarily. 
In  starting  an  eleclnc  wagon?    (r)  A  Wealon  am- 

Blngle  car,  and  the  current  varies  rapidly  from  40  to 
nearly  200  amperes.  Is  this  a  true  Indication  of  the 
current,  or  are  the  Indications  due  to  the  sadden 
swing  of  the  needle?  Granh  Fobks. 

ANs.— (o)  Tbe  amount  by  which  a  dynamo  may 
be  overloaded  depends  altogether  on  the  design  of 
tbe  machine.  Some  makers  rate  their  machines  m 
high  that  very  little  margin  is  left  toi  oTerloKdlng. 
while  others  rate  their  machines  liberally  and  they 
«nBlderable  overloads,  (br  short  periods. 


t   injury 


I,   of   » 


amperes,  should  carry  IGO 
amperes  for  short  Inlervala,  provided  tbe  overload 
does  not  cause  eicenive  sparking.  It  Is  alwaya  best 
to  have  ample  capacity  In  tbe  dynamo  In  order  to 
avoid  overloading  as  much  as  possible,  (b)  Agood 
railway  or  power  generator  wIH  stand  OTerloadt  of 
from  SO  to  7B  per  cent,  far  ihorC  Intervals.    Shimt 
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xiiAchinefl  will  not  stand  overloadi  as  well  as  com- 
pound machines,  for  the  reason  that  the  heavy  over- 
load is  liable  to  weaken  the  field,  and  thus  cause 
sparking,  (e)  The  indications  of  a  Weston  ammeter 
used  for  this  work  are  practically  correct.  These 
instruments  are  very  dead-beat  and  the  moving  parts 
are  light  and  possess  little  inertia.  The  movements  of 
the  needle  are  therefore  a  correct  indication  of  the 
variations  in  the  current. 

(832)  In  the  plant  where  I  am  employed  there  is 
a  well  70  feet  deep  that  furnishes  water  for  a  boiler. 
A  common  steam  pump  is  used,  but  during  dry 
weather  the  water  in  the  well  is  so  low  that  the  pump 
is  unable  to  raise  it.  {a)  Can  I  get  a  well  pump  and 
let  it  down  60  feet  into  the  well  and  connect  its  dis- 
chjur^  to  the  suction  of  the  pump  on  the  surface? 
{b)  If  BO,  where  can  I  get  such  apump? 

P.  W.  F.,  Canton,  N.  Y. 

Ans.— (a)  A  well  pump  might  be  connected  to  the 
suction  of  the  pump  on  the  surfkce,  as  you  suggest, 
but  it  would  be  difficult  to  make  such  an  arrange- 
ment work  satisfactorily.  A  better  way  would  be  to 
have  the  well  pump  discharge  into  a  tank  f^m  which 
the  feed-pump  could  draw  its  supply.  (6)  Write  to 
the  BaldwinsviUe  Centrifugal  Pump  Works,  Syracuse, 
N.  Y.,  or  the  Goulds  Manufacturing  Company,  Seneca 
Palls,  N.  Y. 

(888)  The  enclosed  sketch  is  an  attempt  to  repre- 
sent the  method  of  fastening  the  trolley  wire  to  the 
poles  of  an  electric  railway  that  is  being  constructed 

in  this  section.  The 
parts  a  and  b  are  said 
to  be  a  composition  of 
mica  and  some  other 
material,  and  are  about 
U  inches  in  diameter, 
dan  you  explain  this? 
Is  it  an  improved 
method,  and  what  are 
its  advantages? 

Subscriber. 

Ans.— The  balls  a,  a, 
b,  b  are  insulators,  the 
hfi  body  being  composed 

of  mica  and  shellac,  or  similar  material.  The  method 
of  trolley-wire  suspension,  indicated  in  the  figure,  is 
a  modification  of  the  flexible-bracket  suspension, 
and  its  advantage  lies  in  the  smoothness  with  which 
the  trolley  passes  the  point  of  support,  avoiding  a 
sudden  blow  that  may  cause  the  wheel  to  break 
contact  with  the  wire. 

(834)  (a)  How  many  square  inches  ot  sheet  Iron 
wUl  5  cubic  feet  of  natural  gas  heat  ft*om  70°  to  450° 
F.,  and  keep  at  that  temperature  for  1  hour,  when 
consumed  so  as  to  produce  a  blue  flame?  (b)  On  my 
property  there  is  a  spring  through  which  natural 
gas  bubbles  at  the  rate  of  about  250  cubic  feet  every 
24  hours.  I  purpose  collecting  this  gas  and  using  it 
to  heat  a  shaking  pan  for  drying  rolled  oats,  rolled 
wheat,  etc.  as  they  pass  over  the  shaking  pan .  What 
must  the  pressure  of  the  gas  be  to  give  satisfactory 
results?  W.  S.  G.,  Greenwood,  Ont. 

Ans.— (a)  There  are  so  many  conditions  to  be  con- 
sidered in  connection  with  this  question  that  it  is 
impossible  to  give  an  answer  that  will  be  anything 
more  than  a  guess.  The  heat  required  for  a  given 
area  of  the  sheet  iron  depends  on  the  thickness  of  the 
iron,  on  the  area  of  the  iron  exposed  to  the  cooling 
eflTects  of  surrounding  objects,  on  whether  the  iron  is 
enclosed  so  as  to  prevent  loss  of  heat  or  whether  it 
is  exposed  to  currents  of  air,  and  on  many  other 
oonditions  that  you  have  not  stated.  Five  cubic  feet 
of  natural  gas  has  a  theoretical  heating  value  equal 
to  about  i  poimd  of  good  coal;  this  fact  may  enable 
you  to  make  an  estimate  as  to  whether  or  not  you 
can  profitably  use  your  gas  supply.     (6)  The  best 


pressure  to  use  depends  somewhat  on  the  type  of 
burner  used.  With  a  burner  of  the  Bunsen  type,  or 
any  burner  in  which  the  gas  and  air  are  mixed,  a 
pressure  at  the  burner  corresponding  to  a  water 
column  1  inch  high  will  give  very  good  results. 

*    * 

(335)  Please  explain  the  method  of  starting  the 
gasoline  engine  illustrated  in  "  Home  Study  Maga- 
zine," January,  1899,  page  554.  Is  it  necessary  t9 
heat  the  plate  to  generate  gas  before  starting? 

E.  H.,  Akron,  Ohio. 

Aks.— The  engine  is  started  by  turning  the  shaft  S 
in  the  direction  the  engine  is  to  run;  this  operation 
draws  enough  air  and  gasoline  vapor  into  the  cylin- 
der, after  a  few  turns  have  been  made,  to  form  an 
explosive  mixture  that  will  be  ignited  by  the  igni- 
ting spark,  and  start  the  engine.  It  is  not  necessary 
to  heat  the  plate  to  generate  gas  to  start  the  engine; 
enough  gasoline  will  be  vaporized  at  ordinary  tem- 
peratures to  form  an  explosive  mixture  with  the  air 
drawn  in  through  the  plate. 

«  * 

(836)  (a)  In  a  certain  table,  the  values  of  1,  .5,  and 
.25  are  given  as  the  relative  heat-insulating  values  of 
different  materials.  Will  2  inches  of  a  substance 
marked  .5,  or  4  inches  of  another  marked  .25,  be  as 
efficient  as  1  inch  of  that  marked  1?  (b)  If  a  150- 
horsepower  automatic  engine,  cut-off  at  i  stroke,  is 
required  to  give  only  75  horsepower,  will  Uie  cut-off 
take  place  too  early  to  give  the  best  economy? 
(e)  Would  it  be  more  advisable  to  reduce  the  speed 
or  the  cut-off7  A.  N.,  Toronto,  Can. 

Ans.— (a)  The  relative  values  are  probably  based 
on  experiments  showing  the  relative  quantities  of 
heat  transmitted  by  equal  thicknesses  of  the  differ- 
ent materials;  it  is,  therefore,  not  certain  that  the 
heat  transmission  is  inversely  proportional  to  the 
thickness.  Probably,  however,  such  proportions  as 
you  suggest  would  give  nearly  equal  insulating 
values.  (6)  Yes.  (c)  Since  a  reduction  of  the  cut- 
off, which  is  quite  early  already,  will  result  in  a  loss 
in  economy  due  to  increased  range  of  tempera- 
ture and  consequent  condensation,  we  would  be  in 
favor  of  reducing  the  boiler  pressure.  Then  there 
will  be  no  changes  required  in  the  countershafts  and 
belting,  and  all  things  considered,  the  economy  will 
be  better  than  it  would  be  if  the  speed  is  lowered. 

* 
*  ♦ 

(337)  Will  you  inform  me  where  I  can  get  the  con- 
structive drawings  of  the  "Cup  Defender"  Columbia, 
so  that  I  could  make  a  model  of  same? 

W.  H.  8.,  Philadelphia,  Pa. 

Ans.— We  do  not  think  that  it  is  possible  for  you  to 
secure  these  drawings.  You  might,  however,  address 
Herreshoffs,  the  builders. 

(338)  (a)  Are  the  ends  of  the  main  wires  of  an 
incandescent  circuit  closed,  or  are  they  open,  as  in 

a 


T 

-4. 


(H) 


(2) 


the  enclosed  sketch?  (6)  Kindly  show,  by  drawing 
a  simple  plan,  how  to  wire  four  adjoining  rooms  for 
incandescent  lighting. 

C.  H.  B.,  New  Richmond,  Ohio. 
Ans.— (a)  If  the  ends  of  the  wires  a,  b  of  the  sketch 
were  connected,  there  would  be  a  short  circuit,  (b) 
Many  different  plans  can  be  used,  and  to  sketch  them, 
to  take  in  all  cases,  would  take  too  much  space. 
There  is  no  general  plan  that  can  be  recommended 
without  being  acquainted  with  the  space  to  be  wired. 
Get  '*  Badt's  Incandescent  Wiring  Handbook,"  which 
can  be  had  for  91.00,  from  The  Technical  Supply  Com- 
pany, Scran  ton,  Pa. 
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(339)  F1e«e  Mil  me  how  to  coDMruct  *  dimmer 
used  OD  ctroniM  or  from  100  to  116  volti  uid  to  coH' 
tro)  KDywhere  from  10  to  Ta  lunpi.  1  iTMit  >ome- 
ttiln^OD  Iheitrleofft  rbeonst. 

W.  S.  H„  Bauth  Werinoutb.  Mut. 

ANB.—Conitiact»  wooden  frame  from  1-1ncb  etufl*. 
8  or  4  inchee  wide.  The  end  uprlghte,  as  ahown  In 
the  figure,  ua  SO  iDchei  long,  aod  the  boriioatal 
plccei.  Inoluded  between  tbem,  are  each  abaDl  42 


8,752.000  +  ^W  "  O.cei  bonepower-luHin.  AIk>wlD« 
25  dayi  as  conatltatlDg  a  wortlng  moDCb,  each  day 
being  takeu.  as  of  10  houn  lecgth.  the  Dumber  of 
working  houn  yet  month  will  be  250.  The  iiiimber 
of  boreepoireiB  per  mouth  to  equal  0,051  for  1  boat 
will  be  9,051  +  2MI  =  36.2,  which,  charged  for  at  the 
rate  of  S7.ao  per  honepower  per  month.  Hill  ooet 


What  ihould  be  &ie  ■(rengtfa  of  the  pet' 


cblorlde-of-lroQ   lolatloa    in   t 


II.  B..  Santa  Barbara,  Cal. 


Am.— (a)  TbliIiatn>eof  oeUw 
not  familiar,  and  which  Ii  not  dacfibed  In  the 
itandard  worki  on  tiatterlea.  If  ;on  could  gire  na 
more  detailed  InfonnaHon  regaKllng  Ita  comtmo- 
Clon,  we  mtghl  be  able  to  tell  tomethlng  about  the 
action  of  the  batterj.  (5)  Una  aatarated  aolntlon. 
(c)  Mix  eqnal  partaof  nHdn  ai  ~  ~ 

together  foi  WTera]  hoaia. 


d  paralBD  and  heat 


Incbee  long.  The  whole  li  rapported  bj  suitable 
fbo^plece■.  Two  aheeti  of  rooBng  tin  are  then  pro- 
cored,  each  aheel  being  20  Incbea  wide  b;  23  Inches 
long.  Wltb  a  lead  pencil,  mark  off  lengthwise  on 
Che  sheet  SI  itilpa,  \  Inch  wide.  Now,  CDt  the  tin 
along  ihe  flnl  Une  nnCll  about  an  Inch  from  the  end; 
then,  fn>m  the  same  end.  cut  along  the  second  line 
nntll  an  Inch  from  the  opposite  line.  Contlnae  !□ 
like  manner  to  cut  along  the  linn  nntll  the  whole 
sheet  Is  done,  when  (he  >tH[a,  sllghUr  parted,  will 
present  [he  appearance  ahown  In  the  sketch.  Both 
iheeti  being  prepared  In  Che  same  manner,  one  la 
batened  to  one  ride  at  the  frame  wltb  tacks,  aa 
ihoitii,  kud  Che  Dtber  la  nailed  to  Che  other  side,  but 
Ibr  the  aake  of  clearoesa  Che  latter  la  noC  ahown  In 
the  IlluaCratlon.  Termlnala  ma;  be  Dsed.  or  a  lUdlng 
■hoe,  BDch  as  Is  shown  near  Che  left-hand  end.  mar 
be  employed.  The  latter  method  of  control  may  be 
reaoited  Co  when  the  two  sides  of  the  rheostat  are 
connected  In  multiple.  The  cold  resistance  Is  about 
7}  ohms.  As  the  curreut  increases  the  resistance 
Increases,  on  accoont  of  the  heating  of  the  atrlpe,  so 
that  at  10  amperes,  the  resiaCance  Is  about  8  ohms: 
at  20  amperes,  14  ohma;  aC  25  amperes,  IS  ohms;  and 
ac  30  amperes,  the  Clo  becomes  so  hot  that  the  fHnie 
■mokes,  thereby  limiting  Ua  capacity. 


(6]  Can  a  I 


(340)    (a)  Please  publish  mil  deuila  of 
" —  if  a  storage  cell.  Including  prlo 

_.        -  *-atterybe  charged  fWjm  uieiuuow- 

.__ It  trolley;  110-volt;  S2-»olt? 

Ths  X  Y  Z  Clcb,  Kingalon,  Jamaica.  B.  W.  I. 

Asa.— (aand  ())  Thlaquestlon cannot beadequalely 
answered  In  these  columns,  as  apace  does  not  per- 
mit giving  all  the  details  neceesary  for  a  complete 
anewer.  We  would  refer  you  to  tbe  book -entitled, 
"The  Storage  Battery,"  by  TreadweU,  for  complete 
tnfonnatloD  on  this  subject. 


l-horeepower  gaa  engine  m  one  of  oor 

The  engine  was  formerly  mn  with 

gasoline,  but  was  changed  Co  ose  gaa    There  la  a 
rubber  bag  attached  to,  and  hanging  from,  the  aupply 


f^m  the  mooth  of  tbe  rubber  bag  to  the  engine  Inlet 
is  4  feet.  The  main  supply  pipe,  leading  to  the  pipe 
from  which  tbe  bag  Is  pendent,  Is  11  Inchea.  The 
engioe  will  atart  airrl(ht,bQt  aa  soon  aa  the  gaa  In 
tbe  rubber  bag  la  exhausted  It  stops  and  acts  as 
though  it  did  not  have  a  suOlcient  supply  of  gaa.  Of 
whatnsela  thembbor  bagr  la  it  a  necesalty  T  How 
should  tbe  oonnectlona  be  made  so  as  to  prevent  the 
above  trouble?  B.  A.  B.,  Clyde.  Ohio. 

Ans.— Tbe  rubber  bag  acta  as  a  reaerrolr.  keeping  a 
snpply  of  gaa  close  at  hand.  The  charge  taken  ITcmi 
the  bag  la  replaced  by  a  gradoal  flow  through  th« 


Ther^wereompany. 

month.    Wllhabinof»i>3 . 

3,376,  dial  farthest  [o  the  rtght 
meter  conatant,  20.  A.  w. 


n  the  method  of  cal. 

.— „  ,-ase  as  an  example? 

:ee  17.00  per  horsepower  per 

"  ■"  •••1  meter  reading  was 

reading  hundred 


C,  Portland,  Ore. 


watts,  the  work  done  will  tie 


"X-S 


meter  dnrlDg  the  time  the  gas  sup- 
ply U  hat  off  from  tbe  engine. 
The  bag  le  not  a  necessltr,  but  Is 
donbtlees  an  Improyement  on  the 
slralgbt  pipe.  We  do  not  exactly 
understand  from  your  description 
how  tbe  connections  are  made. 
If  tbe  connection  Is  made  as 
shown  in  the  sketch,  you  ahould 
hare  no  trouble.  The  |-inoh  pipe  Is  pahape  k 
little  small. 

l.OOO-boreepower  boner  to 
— power  engine? 

R.  B.,  Kewport.  R.  L 
Anb,— The  slse  of  boiler  required  for  an  engine  Of  a 
given  power  depends  on  tlie  type  of  the  engine.  A 
l,OOD-borsepower  triple-expansion  ooodeusliig  engine 
running  under  the  most  hvorable  oondilloiu  might 
be  readily  run  with  a  500-hoisepower  boUer;  on  the 
other  hand,  the  engine  might  be  ran  under  neh 
unfavorable  oondiCf  ona  that  a  1,000-horsepower  holler 
oonld  not  supply  It  with  ateam. 
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(845)  In  the  June  number  of  "The  Mechanic  Arti 
Magarine."  one  of  the  good  schemes  that  attracted 
my  attention  told  of  planinff  short  key  ways.  I  have 
some  work  that  has  lo  be  clone  on  planer  centers, 
and  all  that  I  have  for  my  tool  to  Mop  in  is  |  inch. 
We  have  a  Pratt  &  Whitney  planer,  which  shows 
nnevenness  of  back  stroke  of  as  much  as  8  inches, 
while  on  the  forward  stroke  it  is  all  right.  Is  it  a 
common  thing  with  most  planers  to  show  variation  of 
back  stroke,  or  is  this  particular  planer  at  faultT  If 
so,  how  can  I  remedy  the  defect? 

J.  G.  P.,  Rockville,  Conn. 
AUB.— The  fikct  that  the  planer  works  correctly  on 
the  forward  stroke  ought  to  show  you  that  the 
trouble  you  experience  is  not  inherent  with  all 
planers.  Probably  you  have  a  bad  belt  on  the  return 
pulley,  patched  or  pieced,  so  that  it  presents  different 
resistances  to  being  shifted  at  diiTerent  times.  Con- 
ducive to  accurate  and  prompt  action  of  the  revers- 
ing mechanism  of  a  planer  are  narrow  belts  and 

high  speeds. 

« 
»  » 

(846)  (a)  If  heat  Is  appUed  to  a  boiler  that  has 
previously  been  pumped  rail  of  water,  is  it  possible 
for  the  gauge  to  show  80  pounds  of  steam  ?  (b)  Given, 
a  boiler  half  ftiU  of  water,  and  the  gauge  showing 
80  pounds  of  steam,  is  it  possible  to  pump  the  boiler 
fmir  (e)  Why  is  it  that  when  you  turn  a  thermom- 
eter upmde  down  the  mercury  does  not  change 


eodsf  (d)  Explain  a  simple  method  by  which  the 
area  of  the  figure  of  the  enclosed  sketch  can  be  cal- 
culated with  a  tidi  degree  of  accuracy  without  using 
the  planimeter.  T.  B.  Z.,  De  Soto,  111. 

Am.— (a)  Since  the  boiler  is  completely  filled  up, 
steam  cannot  be  formed.  A  pressure  of  80  pounds  on 
the  gauge  would  then  indicate  the  pressure  of  the  hot 
water  in  the  boiler.  (6)  Yes,  if  sufficient  pressure  is 
applied.  The  steam  will  then  all  condense,  (c)  The 
bore  of  the  thermometer  is  very  small,  and  the 
adhesion  between  the  mercury  and  the  glass  is  suffi- 
cient to  prevent  the  former  f^om  dropping  downward 
when  the  thermometer  is  turned  upside  down,  (d) 
Draw  a  line  A-B  between  the  extreme  points  A  and  B 
of  the  irregular  figure.  Divide  this  line  into  a  num- 
ber of  equal  parts  A-1, 1-f,  ts,  etc.  At  the  middle 
point  of  each  of  these  equal  divisions,  erect  the  per- 
pendiculars cMi' ,  b-b',  etc.  Measure  the  length  of  each 
of  these  perpendiculars  and  add  their  individual 
lengths  together.  Divide  the  sum  thus  obtained  by 
the  number  of  perpendiculars,  and  multiply  the 
quotient  by  the  length  of  A-B.  The  result  will  be  the 
area  of  the  figure.  Thus,  we  divided  A-B  into  18  equal 
parts,  and,  consequently,  we  erected  18  perpendicu- 
lars. The  sum  of  these  18  perpendiculars  (a-a'  +  b-t/ 
+  e-&  +....+  j>-p'  +  q-q'  4-  r-r')  we  found  to  be 
equal  to  82  inches.  Dividing  this  sum  by  the  number 
of  perpendiculars,  we  have  f|  =  1.78  inches.  Multi- 
plying L78  by  the  length  of  A-B,  which  is  4.5  inches, 
we  have  L78  X  4.5  =  8.01  square  inches,  as  the  area 
of  the  figuro.  The  greater  the  number  of  equal  parts 
into  which  A-B  is  divided,  the  greater  will  be  the 
accuracy  of  the  result. 


(847)    How  was  absolute  zero  determined  7 

K.  C,  New  York,  N.Y. 

Ans.— If  a  tube  is  filled  with  air  at  2129  P.  and  has  a 
volume  V,  and  if  the  temperature  is  changed  while 
the  pressure  remains  constant,  then  experiment 
shows  that,  for  every  degree  P.  that  the  temperature 
is  raised  or  lowered,  the  volume  of  the  air  increases 
or  decreases,  as  the  case  may  be,  by  an  amount  equal 
to  .00208611;.  The  volume  v,  of  the  air  at  <o  P.  is, 
therefore, 

Vt  =  v[l  +  (f  -  32)  X  .0020861]. 

If  this  formula  held  true  for  all  temperatures, 
however  low,  we  would  obtain  the  absolute  zero  of 
the  air  thermometer  by  making  V|  =  0.    This  gives 

1  +  («  -  82)  X  .0020861  =  0; 
whence, 

t  =  -  .vnhnr  +  82  -  -  450.18O. 
Purthermore,  if  air  were  a  perfect  gas,  the  absolute 
zero  of  the  air  thermometer  would  be  the  abso- 
lute zero  of  temperature.  As,  however,  air  is  not  a 
perfect  gas,  though  very  nearly  so,  a  corroction  is 
necessary.    The  equation  of  a  perfect  gas  is 

p  V  —  12  <«, 
in  which  p  —  pressure  in  pounds  per  square  foot; 

V  s  volume  in  cubic  feet; 

t^  =■  absolute  temperature; 

R  s  constant  (=  53.80,  nearly). 
It  is  shown  in  thermodynamics  that,  if  the  pres- 
sures of  a  perfect  gas  at  temperatures  t^  and  U  of  the 
air  thermometer  aro  p\  and  pt,  and  T  is  any  absolute 
temperature  to  which  there  corresponds  a  tempera- 
ture i  of  the  air  thermometer,  then 

i2(l0RPi-  log,pj)' 
in  which  H  =  specific  heat  of  the  gas  at  constant 
pressure.  By  means  of  this  formula,  the  data  for  the 
application  of  which  have  been  determined  by 
experiment,  the  absolute  zero  has  been  found  to  be 
—  460.70  P. 

(348)  What  are  the  best  books  on  mechanical 
movements,  electric  motors,  hydraulics,  and  hv- 
draulic  machinerv?  I  want  a  book  on  electric 
motors  that  tells  all  about  the  wiring  and  gives  the 
names  and  purposes  of  all  the  parts  in  detail.  The 
books  must  oe  m  the  simplest  possible  language. 

J.  P.  W.,  Philadelphia,  Pa. 

Ans.— The  following  books  on  the  subjects  you 
mention  can  be  recommended:  "Mechanical  Move- 
ments, Devices,  and  Appliances,"  by  Hiscox,  price 
S3.00;  "Practical  Managemen  of  Dynamos  and 
Motors,"  Crocker  and  Wheeler,  price  $1.«0;  "A 
Treatise  on  Hydraulics,"  by  Mansfield  Merriman, 
price  $4.00;  "Pumping  Machinery,"  by  William 
Barr,  price  85.00.  Any  of  these  books  may  be 
obtained  from  The  Technical  Supply  Company, 
Scranton,  Pa. 

(349)  I  have  a  16-horsepower  traction  engine:  the 
pump,  which  is  of  the  croBshead  tvpe,  seems- to  have 
plenty  of  suction,  but  it  will  not  keep  up  the  water 
while  we  are  thrashing;  it  does  all  right  on  light 
work  or  when  moving  on  the  road.  The  enclosed 
sketch  will  explain  the  arrangement  of  piping,  etc. 
(a)  Where  does  the  trouble  He?  (5)  Does  the 
vacuum  chamber  in  the  suction  pipe  do  any  good  ? 

P.  S.,  Logan,  111. 

Ans.— (a)  There  seems  to  be  nothing  abnormal  in 
the  arrangement,  as  shown  in  your  sketch.  The 
trouble  lies,  probably,  in  leaky  valves.  (6)  Yes;  it 
assists  the  pump,  especially  at  high  speeds.  When 
the  suction  valve  closes,  the  water  in  the  suction  pipe 
continuing  its  motion  by  reason  of  its  inertia,  com- 
presses the  air  in  the  chamber  and  is  gradually 
brought  to  rest,  instead  of  suddenly.  Thus  shocks 
and  consequent  strains  on  the  piping  are  avoided. 
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GeorseTltlf.  Minn, 
the  l«rmlnili  of  the 
ir  wgmenu.  is  tbown 


Id  the  figure.  Wc  (ska  It  for  gnnted  that  (be  arma- 
ture baa  two  coUb,  each  ooU  fllllug  up  two  KCdoua. 
Id  tb«  flKure,  eacb  cotl  I*  ahown  camming  of  one 
loop  only,  in  order  U>  obtain  eleamna.  Eacb  coil 
migbt  coDilit  of  leTerBl  tumi,  the  lerminali  of  the 
ootlB  being  connected  to  the  ■egmenu,  aa  ahown. 
|A)  Your  Information  la  not  nifficlent  foTUBloglTe 
an;  repl;  h  to  the  size  of  wire  to  be  used.  The  die 
of  wire  will  depend  on  the  corrent  thai  fou  wlabto 
take  from  Lbe  nucblne. 


(Ml)    la)  Whi 

!It"'^'Sl&?     i 

lamp!  are  pat 

"- ant  pel 


a  16-candle- 

X)  volta.  at  110  volta.  and 

le-candlepower   lOO-volt 


droull!     (c)  If  a 


per  lamp,  and  whal 


0  If  Ihe  rolU^ie  of  II 


diffcn 


atmosphere.  A  lamp  of  Chla  o 
from  the  ordinary  open  type  In  that  t>i 
■umpIloD  Is  smaller,  though  the  drop  of  potential 
■croaa  the  arc  la  higber  (for  the  same  caudlepower). 
The  washer  Ibrough  whlcb  [he  upper  carbon  pane* 
is  so  dolgned  that  a  small  amount  of  air  is  allowed 
toenter  the  chamber  enclosing  the  arc.  for  the  reason 
that  It  It  desirable  to  prevent  the  deposition  of  carbon 
vapor  on  the  Inside  of  the  glotie.  The  amount  of  alt 
entering  In  this  manner  la  not  enough  to  malerlallr 
affect  the  life  of  the  carbons,  at  tbe  gr(«t«r  part  of 
(he  loKs  is  due  to  the  Tolatlllsatlon  of  tbe  ca^bOD^ 
Caoaed  by  the  Intense  beat  of  lbe  arc.  A»  before 
mentioned,  the  carbon  vapor  is  oxidised  by  lbe  air 
that  Is  allowed  to  enlflr.  The  advantageof  thisstyle 
of  construction  lien  In  tbe  f>ct  that  one  pair  of  rax- 
boTU  will  last  from  100  to  200  hours.  Instead  of  t^tun  7 
to  10  hours,  as  In  the  open  lamp.  Both  are  made  for 
alteroaltng-  and  ilirect-cnrrent  circuits  of  all  com- 


Can  you  give  me  the  composition  of 
onse  gear?  (b)  Have  you  a  course  in 
latlonal  Correspond  erne  Schools  tbat 
■foundry  work T  H.S.,  Boardman.8.C. 
.— (0)  Pho«phor  bronie  Is  generally  oompoeed 
■arts  of  tin,  9.5  part*  of  lead,  T9.T  parla  of  copper. 
S  part  of  phosphorus;  we  do  not  know  tbe 
eompodtlon  of  ttroDie  used  for  gear,     (b)  No. 


^^"1 


hNo.  21B.&8., 

■month,  N.  a 
AN9.~(a)  Voltage  of  circuit  T&:  eSlclency  of  lamp. 
8.5  watts  per  candlepower;  resists  nee  equals,  approil- 
Dialely,  lOOoimis.  Voltage  100:  efficiency,  »,1  watts; 
realstanee,  200  ohmi.  Voltage  110:  efficiency,  S.l 
walta;  resistance.  244  ohma.  Voltage  220:  emdency, 
3  watts;  reatstance,  1.000  ohms,  lb)  The  current  In 
the  circuit,  and  consequently  that  in  eacb  lamp,  will 
be  i  ampere,  {e)  Connect  the  Held  In  serlei  with 
(bur  lO-candlepower  llo-volt  lampa.  independently 
of  tbe  armature.  For  the  armature  circuit,  make  up 
four  banks  of  lamps  with  the  requisite  numtiet  in 
parallellD  eacb  bank,  and  connei-t  all  in  series  with 
one  another  and  with  the  armature.  It  ii  Impoaslble 
to  stale  the  amount  of  current  tbat  will  be  uken, 
from  tbe  meager  data  you  hnve  given,  tiul  It  will  cer- 
tainly not  be  over  .6  ampere. 


full 

L.  B..  Dallas,  Ore. 
Am.— (a)  The  accompanying  tigure  lllastralea  a 
gasallne  torch  of  common  form.  Tbe  gaaollne  In  tbe 
blow-torch  chamber  a  is  forced  aptbrougb  the  lube  r 
to  lbe  burner  by  the  air  under  preaanre  in  (be  space  fr. 
Tbit  preasure  li  secured  by  means  of  an  air  pump  of 
which  e  Is  tbe  cyllDder  arid  e  the  piston  rod.  Tba 
liquid  ganollna  Hows  out  ihrongh  the  needle  valve 
at  m  and  falls  Into  a  cup  n,  where  It  Is  Ignited  aDd 
the  flames  tiom  tbe  cup  e>"  elop  the  tomer  and  beat 
It.  This  vaporliea  the  giiwUne  In  the  apace  z,  lo 
that  when  the  burner  Is  heated  and  tbe  needle  valve 
la  opened,  vapor  llowB  from  m  and  ii  Ignited  Inside 
tbe  bDTDer.  The  beat  fhim  tbii  Dame  keep*  tba 
burD«  hot  enough  to  vaporise  the  llqDid  before  It 


enclosed  and  ihet^ -^  r 

C.  A.  B..  Brownstown,  IDO, 
ANB.— Ad  eDciosed-arc  lamp  Is  one  In  which  the 
arc  I*  enclosed  In  a  chamber  ttom  which  nearly  all 
tbe  air  Is  eicluded.  This  la  done  to  prevent  the 
rapid  conanmptlon  of  carbons  tbat  takes  place 
when  the  highly  healed  carbons  are  exposed  to  tbe 


reaches  the  apertare  of  the  needle  vatve.  The  boat 
formof  bnmenare  thoaeln  which  the  gasoline  moat 
pass  through  a  channel  or  small  tube  that  is  In  con- 
stant contact  with  the  torch  flame,  (b)  The  ob}ect 
of  pumping  air  into  the  gaaollne  tank  la  slmpljr  to 
force  the  liquid  gasoline  op  to  the  bomer.  If  tlie 
gasoline  cbamtier  were  higher  than  tbe  bamcr. 
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the  liquid  would  flow  by  gravity  to  the  burner  and, 
therefore,  would  not  require  air  pressure,  (c)  You 
will  find  some  instructions  on  brazing  in  the  follow- 
ing books:  "The  Art  of  Coppersmithing,"  by  John 
Fuller,  price  IS.OO;  "  Bicycle  Repairing,"  by  S.  D.  V. 
Burr,  price  f  1.00:  "Manual  of  iDstruction  in  Hard 
Soldering,"  by  Harvey  Rowell,  price  75  cents.  Any 
of  these  books  may  be  obtained  from  The  Technical 
Supply  Company,  Scranton,  Pa. 

» 

*  * 

(355)  (a)  How  would  you  cut  a  lining  to  fit  exactly 
the  curved  surface  of  the  frustum  of  a  cone  whose 
slant  height  is  24  inches,  small  diameter  5^  inches, 
and  large  diameter  7^  inches?  (b)  Please  tell  me 
how  to  cut  a  hole  for  an  8-inch  pipe  to  pass  hori- 
zontally through  a  roof  whose  pitch  Is  10  inches  in 
1  foot.  F.  F.  H.,  Norway  Mines,  N.  8. 

Ans.— (a)  First  draw  a  view  of  the  flrustum  in 
the  given  dimensions,  as  A  B  C D;  describe  the 
circle  m  to  represent  a  view  of  the  lower  base.  Draw 
the  center  line  and  produce  the  sides  A  B  and  CD 


until  they  meet  in  the  point  0.  With  0  as  a  center, 
and  with  radii  0  A  and  0  B,  describe,  respectively, 
arcs  EACO  and  FBDH.  Divide  circle  m  into  a 
convenient  number  of  equal  parts  (twelve  in  the 
figure),  and  space  off  an  equal  number  of  similar 
parts  on  the  arc  FBDH-,  draw  HO  and  FO.  The 
figure  EACOHDBF  \b  thus  produced,  which  is 
the  pattern  for  the  required  lining  of  the  frustum. 
(6)  The  opening  is  in  the  shape  of  an  ellipse  whose 
minor  axis  is  8  inches  (the  diameter  of  the  pipe),  and 
whose  major  axis  is  12|  inches.  The  length  of  the 
mi^or  axis  in  such  problems  is  most  easily  found  by 
means  of  the  graphic  method;  that  is,  draw  parallel 
lines  8  inches  (or  the  diameter  of  the  pipe)  apart  and 
Intersect  them  with  a  secant  whose  angle  of  inclina- 
tion shall  equal  that  of  the  roof  line.  The  length 
of  the  major  axis,  then,  is  that  part  of  the  secant 
included  between  the  parallel  lines.  Or,  it  may 
be  found  by  proportion  and  the  right-angled  tri- 
angle, as  follows:    10: 12::  8: 9.6,  then  major  axis  = 

V^S^^9^&  =  12.5,  nearly. 

» 

(856)  (a)  A  line  of  hose,  say  50  feet  long  and  2 
inches  in  diameter,  is  connected  to  a  hydrant  ftir- 
nishing  water  under  a  pressure  of  80  pounds  per 
square  inch.  When  used  without  a  nozzle,  the  range 
oi  the  stream  is  measured;  after  this  a  nozzle  ]  inch 
in  diameter  is  attached  to  the  hose.  In  which  case 
will  the  range  be  greater,  and  why?  (6)  A  ball  12 
inches  in  diameter  is  placed  in  a  box  so  as  to  touch 
the  bottom  and  two  ndes.  What  is  the  diameter  of 
the  largest  ball  that  can  be  placed  behind  the  large 
ball,  so  as  to  touch  it,  two  sides  of  the  box.  and  the 
bottom?    Please  explain  fully,  showing  work. 

W.  H.  G.,  Gaffney,  8.  C. 

AMS.— (a)  The  range  will  be  greater  but  the  quan- 
tity of  water  discharged  will  be  less  when  the  nozzle 
is  uaed.  Stated  very  briefly,  the  reason  for  the 
increased  range  is  that  when  the  velocity  of  flow 
through  the  hose  is  low,  as  is  the  case  when  the 


nozzle  is  used,  a  smaller  proportion  of  the  energy  of 
the  water  Is  absorbed  in  overcoming  frictional  resist- 
ances. When  water  flows  through  a  pipe,  the 
energy  absorbed  in  overcoming  frictional  resistances 
is  nearly  proportional  to  the  square  of  the  velocity  of 
flow,  (b)  Let  r  denote  the  radius  of  the  small  ball. 
Then,  the  three  edges  of  the  box  are  a  system  of  coor- 
dinate axes,  the  coordinates  of  the  center  of  the  large 
ball  are  6,  6,  6,  and  the  coordinates  of  the  center  of 
the  small  ball  are  r,  r,  r.  Therefore,  the  square  of 
the  distance  between  the  centers  of  the  balls  is 
(6  -  r)«  +  (6  -  r)«  +  (6  -  r)«  =  3(6  -  r)«. 

But  the  distance  between  the  centers  is  6  +  r. 

Hence,  we  have 

3(6  -  r)2  =  (6  +  r)«. 

Solving  this  equation,  we  get 

r  =  6(2  T  l/3). 
Thus,  the  radius  of  the  small  ball  is 

6(2- I/'S); 

and  6(2  +  >/3) 

is  the  radius  of  a  ball  that  touches  the  12-inch  ball  on 
the  opposite  side  from  the  comer  of  the  box,  and  also 
touches  the  sides  of  the  box. 

(357)  Kindly  tell  me  the  derivative  of  the  decimals 
used  in  the  standard  multipliers,  viz.,  3.1416,  .7854, 
.31831,  .5236,  their  root  or  what  they  are  evolved  from, 
why  they  are  standard,  and  why  we  use  them. 

E.  T.  P.,  Buffalo,  N.  Y. 
Ans.— It  can  be  proved  geometrically  that  the  cir- 
cumference of  a  circle  is  approximately  equal  to 
3.1416  times  the  diameter;  hence.  3.1416  is  a  very 
important  number  in  the  mensuration  of  the  circle. 
The  other  numbers  are  obtained  from  8.1416,  thus: 
.7864  -  3.1416  -h  4;  .31881  =  1  -f-  3.1416;  and  .5286 
=  3.1416  -i-  6. 

(358)  (a)  Can  the  steam  loop  be  used  in  the  two- 
pipe  system  of  heating,  and  where  do  you  connect 
vour  pipes  to  separator?  (b)  Give  rule  for  finding 
height  of  loop  from  water  level  of  boiler. 

G.  D.,  Jackson,  Tenn. 

Ans.— (a  and  b)  We  would  advise  you  to  submit 
these  questions  to  Messrs.  Westinghouse,  Church, 
Kerr  &  (Do.,  New  York,  who  control  the  patents  on 
the  steam  loop  and  who  can  give  you  any  informa- 
tion about  its  use  that  you  may  require. 

* 
*  » 

(359)  (a)  Please  tell  me  how  to  prepare  and  to 
wipe  a  lead  joint,  (b)  Would  there  be  any  saving  in 
fuel  in  changing  a  low-pressure  circulating  steam- 
heatine  plant  to  one  of  high  pressure  with  the  addi- 
tion of  a  reducing  valve?  (c)  If  so,  what  changes 
would  have  to  be  made?       J.  E.  K.,  Milford,  Neb. 

Ans.— (a)  The  process  of  preparing  and  wiping  a 
joint  on  lead  pipes  is  altogether  too  long  to  be  fully 
described  here,  but  we  take  pleasure  in  recommend- 
ing to  your  notice  "The  Art  of  Joint  Wiping,"  the 
first  part  of  which  was  published  in  the  October,  1899, 
number  of  "The  Building  Trades  Magazine,"  and 
the  second  part  in  the  November,  1899,  number 
of  Science  and  Industry,  of  which  "The  Building 
Trades  Magazine"  is  now  a  part.  This  article 
clearly  describes  the  process,  from  the  cutting  of  the 
pipe  to  the  fiDlshlog  of  the  wiping.  It  is  Illustrated 
with  10  photographs,  which,  one  after  the  other, 
show  the  process  from  the  beginning  to  the  end. 
(b)  No;  there  would  be  no  saving  unless  more  par- 
ticular attention  was  given  to  the  firing  under  the 
high  pressure  than  under  the  low  pressure,  (c)  We 
cannot  tell  what  changes  would  have  to  be  made 
unless  we  could  personally  examine  the  plant.  We 
would  assume,  however,  that  if  the  boiler  and  radia- 
tors are  strong  enough,  and  the  piping  properly 
proportioned,  there  will  be  no  changes  required 
to  run  under  a  pressure  of  10  pounds.    If  you  can 
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pooiibly  run  low  presure  and  heat  the  building,  we 

would  adviie  you  not  to  make  a  change,  for  best 

results  are  obtained  ftrom  low-pressure  systems, 

« 
*  * 

(860)  (a)  What  is  the  composition  used  in  making 
a  draftsman's  duplicating  pad?  (6)  How  are  ordi- 
nary rubber  stamps  made  7 

F.  ▲.  W.,  Jacksonville,  Fla. 
AN8.— (a)  We  suppose  you  refer  to  what  is  known 
as  the  hectograph,  for  which  we  append  two  recipes: 

(I) 

Gelatine 100  parts 

Water 876  parts 

Glycerine 375  parts 

Kaolin  60  parts 

(n) 

Glue 100  parts 

Glycerine 500  parts 

Finely  powdered  kaolin  or  baric  sulphate  25  parts 

Water 876  parts 

(6)  Ftor  want  of  space,  we  cannot  attempt  to  detail 
the  process  of  this  branch  of  manufacture.  As 
regards  the  material  of  the  stamp  itself,  it  is  a  pure 
unvulcanixed  rubber,  prepared  in  a  special  way  for 
TUlcanication. 

(861)  Please  answer  the  following  questions  in 
the  inquiry  columns  of  your  magasine:  (a)  Give  a 
list  of  the  names  of  the  different  kinds  of  arches 
employed  in  building  construction.  (6)  Show  how 
the  Joint  lines  of  elliptical  and  parabolic  arches  are 
obtained,  (c)  Explain  how  the  working  patterns  for 
a  circular  stone  arch  in  a  circular  wall  are  laid  out. 

C.  M.,  Brooklyn,  N.  Y. 

AN8.— (a  and  b)  For  the  names  of  different  kinds  of 

arches,  and  methods  of  obtaining  the  Joint  lines  for 

same,  we  would  refer  you  to  "The  Building  Trades 

Pocketbook,"  which  is  published  by  The  Colliery 

Engineer   Company.     Interesting   information    in 

regard  to  elliptical  and  Gothic  arches  is  given  in 

the  November,  1898.  issue  of  "Home  Study  for  the 

Building  Trades."    (c)  This  question  is  completely 

answered  in  "  Home  Study"  for  the  month  of  August, 

1896,  which  may  be  had  for  16  cents,  by  addressing 

The  Colliery  Engineer  Company,  Scran  ton.  Pa. 

* 
«  » 

(862)  Can  you  describe  a  practical  system  of 
marking  iron  structures,  especially  iron  stairways? 
What  I  want  is  a  system  easy  to  understand  and 
that  can  be  remembered  without  drawings  or  note- 
books—it being  understood  between  the  shop  and  the 
erector  that  a  certain  number  or  letter  designates  a 
certain  location.  C.  T.,  Cleveland,  Ohio. 

Ans.— As  you  suggest  in  your  inquiry,  it  is  custom- 
ary to  employ  the  cumbersome  system  of  piece 
numbering  in  the  erection  of  iron  structures;  that 
is,  each  piece  or  detail  is  numbered  on  the  drawing, 
and  oorresponding  numbers  are  placed  on  the  pieces 
in  the  shop,  and  the  erector  must  possess  the  drawing 
in  order  to  locate  the  piece  reqtiired.  Such  a  method 
is  absolutely  necessary  in  dealing  with  complicated 
structures,  and,  as  in  the  erection  of  such  structures 
the  man  in  the  field  must  necessarily  have  drawings 
to  go  by,  there  is  not  much  difficulty  encountered. 
In  ordinary  work  a  good  method  to  employ  would 
be  to  divide  the  building  into  four  sections  by  two 
axial  lines.  Thus,  there  would  be  the  right  and  left 
fh>nt,  and  the  right  and  left  rear,  which  could  be 
designated  by  RF,  LF,  RR,  and  LR,  respectively. 
The  floor  could  be  designated  by  numbers,  1  designa- 
ting the  space  between  the  first  floor  and  basement 
floor,  while  t  would  indicate  the  space  between  the 
second  and  the  first  floor,  etc.  The  particular  place 
occupied  by  the  detail  in  the  structure  could  be  desig- 
nated by  numerals  placed  at  or  near  the  point  of 


connection,  the  same  numerals  being  in  Juxtaposi- 
tion upon  the  piece  connected  and  the  connecting 
piece.  For  instance,  assume  that  there  is  a  cast- 
iron  newel  to  be  secnired  to  the  string  of  an  iron 
stairway,  and  that  is  marked  SRFoa  the  body  of 
the  casting  and  5  at  the  bolt  boles  for  the  connect 
tion;  the  erector  would  know  at  a  glance  that  the 
piece  in  question  is  to  be  located  on  the  second 
floor  in  the  front  of  the  building  to  the  right,  and 
that  it  connects  with  the  string  on  which  the  newel 
connection  is  marked  5. 

» 

(368)  Will  you  inform  me  how  lime  is  burnt,  and 
how  long  it  will  take  to  bum  a  kiln  7 

P.  B.  T.,  Grangeville,  Idaho. 

AN8.— Lime,  quicklime,  or  caustic  lime  is  produced 

by  burning,  or  calcining,  limestone.    The  kiln  is 

usually   circular  in  cross-section,  and   ovoid,  or 

resembling  a  truncated  cone,  in  elevation.     The 

limestone  is  fed  at  the  top  with  alternate  layers  of 

ftiel,  and  as  the  calcining  process  is  completed,  the 

lime  product  is  taken  out  at  the  bottom.    Such  kilns 

are  perpetual  in  their  operation.   Lime  burners  have 

found  that  the  quantity  of  ftiel  expended  and  the 

quantity  of  stone  calcined  depend  on  the  quality 

of  the  ftiel  used.    It  generally  takes  about  00  hours 

to  calcine  limestone  when  the  heat  is  strong  and 

well  regulated,  though  the  time  required  varies  with 

the  character  of  the  stone. 

» 
«  » 

(864)  I  am  interested  in  a  flour  mill,  which  I  wish 
to  neat  with  exhaust  steam  the  coming  winter.  Can 
you  give  me  information  as  to  the  points  to  be 
observed  and  the  means  to  be  employed  ? 

G.  H.  W.,  Arden,  Manitoba,  Can. 

Ans.— It  is  impossible  for  us  to  tell  you  the  best 
way  to  heat  your  mill  without  a  personal  investiga- 
tion of  the  premises.  But  it  would  appear  to  us  that 
the  most  simple  plan  is  to  install  a  fan-blower 
system,  in  which  the  steam  heating  is  accomplished 
under  a  very  low  pressure.  The  apparatus  neces- 
sarily required  for  such  a  plant  is  a  fan  to  blow  air 
through  the  building,  or  a  fisn  to  draw  air  ftom  the 
building;  a  large  indirect  heating  stack  through 
which  the  air  may  flow  and  become  hot  before  it 
enters  the  building;  a  series  of  flues  to  distribute  the 
air  to  the  several  parts  of  the  building;  a  series  of 
vent  flues  to  take  the  foul  air  Arom  the  building  and 
deliver  it  to  the  outer  atmosphere;  a  large  pipe  con- 
nection flrom  the  exhaust  pipe  of  the  engine  to  the 
heater,  to  supply  the  heater  with  exhaust  steam;  a 
back-pres^re  valve  on  this  pipe  to  allow  exhanst 
steam  to  escape  to  the  atmosphere  should  the  pres- 
sure in  the  heater  rise  above  1  pound  by  the  gauge; 
a  pipe  connection  between  the  heater  and  the  llre- 
steam  main,  having  a  preoBure-reducing  valre 
attached  that  will  flirnlsh  low-pressure  live  steam 
automatically  to  the  heater,  should  the  exhaust 
fVom  the  engine  be  insufficient  at  any  time  to  supply 
the  demands  of  the  heater,  or  when  the  engine  is 
not  in  use;  a  check-valve  to  prevent  back  pressure 
Arom  getting  on  the  engine,  should  the  pressure  regu- 
lator get  out  of  order;  means  for  remoTing  grease 
and  entrained  water  firom  the  exhaust  steam  before 
it  enters  the  heater;  means  for  removing  water  of 
condensation  fh)m  the  heater  and  pumping  it  back 
to  the  boiler  if  neoessary;  and  other  minor  details 
that  depend  on  the  conditions  of  the  case. 

« 
*  » 

(366)  Given,  the  sides  of  a  triangle,  how  can  the 
radius  of  the  inscribed  circle  be  determined  geomet- 
rically T  L.  F.  B.,  Vergennea,  Vt. 

Ans.— Having  drawn  the  triangle  with  the  given 
sides,  draw  the  bisectors  of  any  two  of  its  anglea. 
The  point  of  intersection  of  these  bisectors  is  the 
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center  of  the  inscribed  circle,  and'tbe  perpendicular 

ftom  the  center  to  any  of  the  three  sides  of  the 

triangle  is  the  required  radius. 

* 
»  * 

(866)  (a)  Please  describe  a  suitable  contrivance 
for  heating  water  in  a  fire-engine  boiler  while  it  is 
standing  in  the  engine  house.  The  boiler  will  con- 
tain about  20  gallons  of  water.  About  how  much 
eas  would  be  consumed  in  keeping  this  water  at 
boiling  point?  Sometimes  the  steamer  is  not  used 
for  two  weeks.  (6)  State  why  health  boards  will 
allow  us  to  connect  wash  trays  into  the  inlet  side  of 
the  sink  trap  without  trapping  the  tubs,  and  yet 
will  not  allow  us  to  connect  sink  into  wash-tray 
traps.  H.  8.  W.,  Bayonne,  N.  J. 

Ans.— (a)  If  your  fire-engine  Is  built  like  most  of 
the  best  engines  in  the  country,  you  will  find  that  it 
has  two  2-inch  brass  pipes  attached  to  the  boiler 
and  extending  to  the  rear  end  of  the  engine  where 
they  join  together,  with  a  couple  of  blow-off  cocks 
and  open  ends.  One  pipe  connects  to  the  side  of  the 
boiler  about  3  inches  below  the  working  water-line, 
and  the  other  connects  to  the  bottom  of  the  boiler. 
They  may  be  used  for  surface  blow-off  or  bottom 
blow-off  if  desired,  but  these  pipes  are  really  intended 
for  connecting  the  steamer  temporarily  to  a  heater 
of  some  description  for  the  purpose  of  keeping  the 
water  warm  while  the  engine  is  in  the  house.  The 
simplest  plan,  and,  perhaps,  the  best,  for  warming 
the  water  as  you  desire  it,  is  to  construct  a  little 
brass  ball,  or  other  casting  at  the  base  of  the  pipe 
that  rises  and  connects  to  the  side  of  the  boiler. 
Then  rig  up  a  Bun  sen  burner  that  comes  up  through 
the  fioor  to  the  proper  height  for  the  flame  to  play 
upon  the  casting  when  the  engine  is  in  place.  The 
water  heated  in  this  casting  will  rise  in  the  pipe  and 
discharge  into  the  top  of  the  boiler,  and  colder  water 
from  the  bottom  of  the  boiler  will  circulate  through 
the  pipe  and  into  the  casting  to  take  the  place  of 
that  which  is  heated.  In  this  way  you  will  have  a 
good  circulation  and  heat  the  boiler,  and  you  can 
easily  run  the  steamer  out  without  having  to  unscrew 
any  couplings  or  shut  any  valves.  The  amount  of 
gas  required  would  be  from  5  to  10  cubic  feet  per 
hour.  Of  course,  you  can  close  the  mouth  of  the 
smoke  pipe  to  keep  in  the  heat  (b)  Because  the 
waste  pipe  Arom  the  sink  is  always  more  foul  than 
the  waste  pipe  flrom  the  wash  tubs,  and  it  is  very 
objectionable  to  have  a  long  piece  of  foul  pipe  with 
an  open  aid  to  the  room,  as  would  be  the  case  if  a 
sink  discharged  into  a  laundry-tub  trap. 

» 

(867)  I  have  a  tank  for  generating  acetylene  gas, 
which  I  use  in  magic  lanterns.  The  tank  is  2  feet 
high.  10  inches  in  diameter,  and  ftimished  with  a 
fioating  cover.  I  fill  the  tank  about  one-third  Aill 
with  water,  which  covers  a  coil  of  pipe  through 
which  the  gas  passes  to  the  burner.  "Hie  carbide 
container  is  attached  to  the  floating  cover  and 
arranged  in  such  a  manner  as  to  lower  in  the  water 
when  the  gas  pressure  Calls,  or  to  rise  out  of  the 
water  when  the  pressure  is  increased  within  the 
tan  k.  The  gas  passes  through  several  layers  of  gauze- 
wire  netting  before  entering  the  outlet  pipe.  The 
acetylene  bums  with  a  bright  light  at  the  house 
burners,  but  gives  off  considerable  smoke.  Please 
tell  me  what  is  the  matter. 

A.  M.,  Central  City,  Colo. 
Aks.— Acetylene  gas,  like  other  gases  of  the  hydro- 
carbon class,  gives  off  smoke  when  too  rich  in  carbon, 
and  the  cure  is  a  supply  of  air  to  the  burner,  which 
mixes  with  the  rich  gas  and  dilutes  it  to  the  point 
most  suitable  for  combustion.  If  you  give  rich  gas 
too  much  air  you  decrease  the  luminosity  of  the 
flame;  in  fact,  you  can  make  a  Bunsen  flame  by  intro- 
ducing more  air  than  is  required.  There  are  special 
bomers  on  the  market  for  burning  acetylene  gas, 
and  we  would  advise  you  to  use  them.   If  you  already 


have  acetylene  burners,  see  that  the  air  passages  are 
not  clogged  up,  and,  if  possible,  open  them  out  a 
little.  Try,  also,  different  pressures  on  the  machine. 
If  your  pressure  is  too  low,  you  can  easily  load  the 
cover,  which  will  increase  the  pressure.  Properly 
constructed  acetylene  burners  are  supposed  to  oper- 
ate successfblly  under  ordinary  pressures. 

(868)  Will  you  give  me  any  data  you  may  know 
of  in  regard  to  the  natural  slope  of  earthy  materials? 

J.  C.  M.,  Philadelphia,  Pa. 

Ans.— As  near  as  can  be  ascertained,  the  natural 
slope  of  earths  with  the  horizontal  is  as  follows: 


Earth. 


Slope. 
Degrees. 


Moist  sand. 

Dry  sand 

Vegetable  earth  ... 

Shingle   

Gravel 

Compact  earth 

Chalk 

Rubble. 

Well-drained  clay . 

Wet  clay 

Loose  peat 

Firm  peat 


22 
88 
28 
39 
40 
50 
56 
45 
45 
16 
14 
45 


(369)  Can  you  give  me  a  formula  for  a  cement 
that  will  securely  unite  two  pieces  of  limestone  or 
granite?  A.  H.  8.,  Martinsburg,  W.  Va. 

Ans.— We  suppose  that  you  intend  to  use  the 
cement  for  repiairing  stonework  where  it  has  been 
injured  either  before  or  after  working.  The  follow- 
ing recipe  is  employed  in  making  a  composition 
called  by  mechanics  "  Beaumontague,**  and  is  largely 
used  by  stone  cutters.  Mix  equal  parts  of  gum 
dammar,  white  wax,  and  white  rosin  in  an  iron  pot 
over  a  fire,  and  when  the  mixture  has  been  melted 
add  stone  dust  to  make  it  of  the  consistency  of 
dough.  The  stone  dust  should  be  obtained  by  pul- 
verizing pieces  of  the  same  material  that  it  is  pro- 
posed to  unite.  In  applying  the  material,  the  pieces 
of  stone  should  first  be  heated  with  a  hot  iron,  and 
the  mixture  applied  with  an  iron  spoon,  the  parts 
being  kept  together  until  the  cementing  material 
has  become  hard.  The  practice  of  sprinkling  with 
cold  water  to  hasten  the  setting  is  not  to  be  recom- 
mended. When  a  very  white  cement  is  desired,  it  is 
usual  to  add  chalk  to  the  mixture.  As  spermaceti 
costs  less  than  white  wax,  it  is  sometimes  substituted 
therefor.  The  materials  should  be  the  best  of  their 
respective  kinds,  the  usual  retail  prices  being  as 
follows:  Genuine  gum  dammar  costs  10  cents  per 
ounce;  white  wax,  10  cents  per  ounce;  spermaceti, 
5  cents  per  ounce;  white  rosin,  3  ounces  for  5  cents. 
We  might  add  that,  in  first-class  work,  patched 
stonework  is  not  tolerated  by  reputable  architects. 
The  only  excuse  for  the  existence  of  patched  work 
is  where  it  is  desirous  to  retain  as  much  of  the  old 

work  as  possible. 

» 
«  « 

(370)  Please  inform  me  what  will  kill  the  suction 
of  new  plaster,  so  that  it  can  be  worked  over  the 
same  as  old  work,  whether  it  be  whitewashed  or  oil- 
painted  ?  I  have  been  informed  that  there  is  a  prep- 
aration that,  if  applied  to  new  work,  will  stop  the 
suction,  and  that  the  new  portion  will  not  show 
differently  fh>m  the  old. 

Macbeth,  Fredericton,  N.  B. 
Ans.— A  coating  of  gold  size  or  a  thin  solution  of 
glue  size  is  sometimes  applied  over  new  plaster 
repairs  in  order  to  kill  the  greater  suction  of  the  new 
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material,  bat,  at  the  best,  U  a  makeshift,  as  the  looper 
way  is  to  allow  the  plaster  to  become  thoroughly 
dried  before  applying  either  water  or  oil  paint.  In 
oil  paint,  the  wall  (for  flrat-class  work)  should 
receive  a  thin  coating  of  oil,  allowing  the  wall  to 
absorb  all  it  will  take  up.  In  this  way  the  work 
will  stand  out  solidly  and  uniformly.  Any  sizing 
material  applied  to  walls  is  apt  to  peel. 

« 

(371)  Kindly  ^ve  me  information  as  to  an  easy 
way  of  fladlng  the  proper  sizes  of  hot- water  radiators 
for  a  10-roomed  house.  B.  W.  A.,  Holly,  N.  Y. 

Ans.— The  following  table  of  ratios  is  often  used 
for  the  ordinary  class  of  fVame  dwellings  that  are  not 
too  much  exposed: 


TABLE  OF  RATIOS. 


Apartmeuis. 


Living  rooms,  one  side  exposed 
Living  rooms,  two  sides  exposed 
Living  rooms, three  sides  exposed 
Sleeping  room  

Ballroom 

Bathroom 


Cubic  Feet 

Heated  by  l  Sq. 

Ft.  of  Radiating 

Surface. 


30 

28 

25 
25  to  35 
30  to  40 
20  to  30 


This  table  is  constructed  on  the  supposition  that 
the  building  has  an  average  amount  of  wall  and 
glass  exposure.  The  ratios  are  for  direct  heating 
with  hot  water  at  a  temperature  of  about  160^  F.  iu 
the  radiators  during  zero  weather.  Due  care  must, 
however,  be  exercised  to  provide  for  any  special 
conditions,  such  as  exposure  of  building,  material  of 
oonstruction,  location,  length  and  size  of  mains,  etc., 
governing  plant  under  consideration.  Allowances 
should  also  be  made  for  loose  construction  of  doors 
and  windows  that  admit  large  volumes  of  cold  air. 
A  provision  should  also  be  made  for  outside  doors 
that  are  used  frequently  and  open  directly  into  a 
room.  In  estimating  hot-water  radiating  surface  it 
should  be  borne  in  mind  that  a  large  surface  at  a 
comparatively  low  temperature  gives  a  much  more 
pleasant  atmosphere  than  a  small  surface  at  a  high 
temperature.  Excess  of  surface  is  no  discomfort,  as 
is  the  case  with  steam,  since  the  temperature  can 
easily  be  controlled  by  varying  the  fire,  or  by  the 
valve  on  the  radiator. 

'  (372}  (a)  In  a  single-phase  alternating-current  cir- 
cmt,  the  power  factor  is  70.7  per  cent.,  as  the  angle  of 
la«[  is  4b^.  The  apparent  amperage  is  100,  and  the 
voltage  1,000.  I  do  not  see  why  29.3  per  cent,  of  the 
total  power  is  called  idle,  or  lost,  current,  for  there 
would  never  be  a  time  wnen  the  curves  of  voltage 
and  amperage  would  have  a  zero  value  at  the  same 
instant,  as  there  would  be  were  the  resistance  in  the 
circuit  non-inductive,  (b)  Wherein  do  the  principles 
of  operation  of  wattmeters  differ  from  voltmeters  and 
ammeters  ?  (c)  Why  is  it  that  steam  is  not  subject  to 
the  same  law  that  governs  the  action  of  other  gases 
regarding  the  necessity  for  doubling  the  absolute 
temperature  to  double  tne  volume  and  pressure? 

M.  S.  L.,  Nobleeville,  Ind. 

Ans.— (a)  In  an  alternating-current  circuit  in  which 
the  power  factor  is  unity,  the  zero  values  of  E.  M.  F. 
and  current  occur  at  the  same  instant.  In  conse- 
quence, the  actual  rate  at  which  energy  is  being 
expended  is  equal  to  volts  x  amperes.  With  the 
insertion  of  inductance  in  the  circuit  the  current 
lags  behind  E.  M.  F.,  the  angle  of  lag  depending  on 
the  ratio  of  reactance  to  resistance.  If  the  former 
were  infinitely  great  with  regard  to  the  latter,  or  if 
the  circuit  had  no  resistance,  the  current  would  lag 


90^  behind  the  E.  M.  F.  The  cosine  of  90^  being  aero, 
it  is  evident  that  no  energy  would  be  expended 
under  such  circumstances.  As  every  oondactor 
poflsesMS  resistance,  energy  is  expended  in  heating 
the  oondactor,  though,  as  before  stated,  if  its  self- 
induction  is  great  in  comparison  with  its  resistance, 
the  energy  expended  will  be  correspondingly  reduced. 
The  idle  current  to  which  you  refer  is  waUUts^  for, 
while  it  may  do  a  considerable  amount  of  work  dur^ 
Ing  one  quarter  period,  during  the  next  quarter 
period  the  circuit  returns  an  equal  amount.  There- 
fore, only  that  portion  of  the  cycle  during  which 
current  and  E.  M.  F.  are  in  the  same  direction  will 
represent  the  expenditure  of  power.  (6)  In  the 
absence  of  definite  information,  we  suppose  that  you 
have  reference  to  indicating  wattmeters— not  those  of 
the  recording  type.  An  indicating  wattmeter  is  very 
nearly  similar  in  construction  to  a  voltmeter,  the 
main  difference  being  that  there  are  fixed  coUs  com- 
posed of  a  few  turns  of  heavy  wire.  These  fixed 
ooils  are  connected  in  series  with  the  apparatus 
whose  power  consumption  it  is  desired  to  measure. 
In  a  voltmeter  the  field  is  due  to  a  permanent  magnet; 
as  in  a  voltmeter,  the  swinging  coil  is  shunted  across 
the  mains  supplying  current  to  the  apparatus.  Am- 
meters of  modern  oonstruotlon  are  in  reality  milli- 
voltmeters  that  measure  the  drop  across  a  known 
resistance  connected  in  series  with  the  apparatus. 
The  meter  is,  of  oourse,  calibrated  to  read  amperes. 
(c)  A  comprehensive  answer  to  your  question  would 
require  more  space  than  can  be  aflbrded  in  these 
columns. 

(873)  How  can  I  make  a  medical  induction  coil  to 
be  operated  with  one  cell  of  dry  batterv.  and  what 
is  the  best  way  of  constructing  a  circuit  breaker? 

A.  P.,  CJooperstown,  N.  D. 
An8.— See  *•  Home  Study  for  Electrical  W^orkers," 
November,  1898,  Answers  to  Inquiries,  No.  64.    Make 
the  interrupter  similar  to  the  armature  and  contact 
post  of  a  vibrating  electric  bell. 

* 


(374)    (a)  Can  I  design  a  common  slide  valve  that 
rill  cut  off  at  ^^of  the  stroke  and  not  have  exhaust 
begin  too  early  ?    (b)  1  enclose  a  copy  of  a  theoretical 


diagram  for  a  ^  cut-off.    What  is  the  mean  effective 

Pressure  of  the  diagram?    (c)  Is  the  diagram,  as  I 
ave  drawn  it,  constructed  correctly? 

C.  M.  E.  C,  Chicago,  111. 

Ans.- (a)  It  is  practically  impossible  to  design  a 
common  slide  valve  so  that  cut-off  may  take  place 
at  ^  of  the  stroke.  (6)  The  mean  effective  pressure 
of  the  diagram  you  send  is  about  20  pounds  per 
square  inch,  (c)  It  is  impossible,  from  the  data 
given  on  your  diagram,  to  tell  with  certainty  whether 
or  not  you  have  followed  correct  methods  in  its 
construction. 

Referring  to  "The  Steam-Electric  Magazine,"  Sep- 
tember, 1899,  Mr.  E.  G.  Elliott,  Perth  Amboy,  N.  J., 
writes  us  as  follows: 

"It  appears  that  the  sketch  illustTatins'  a  method 
of  measuring  armature  resistance  is  slightly  in  error. 
The  diagram  indicates  the  voltmeter  connections 
made  to  the  brushes.  I  assume  that  this  was  an 
oversight. 

"Allow  me  to  state  that  experience  has  shown  me 
that  the  method  you  recommend  is  a  reliable  one, 
but  there  is  room  for  an  appreciable  error  in  case 
the  voltmeter  connections  are  made  to  the  brushes, 
particularly  in  large  generators  using  carbon  brushes. 
If  a  number  of  tnick  carbon  brushes  and  one  stud' 
are  used,  it  is  better  to  use  a  special  brash  or  con- 
tact piece." 

[Where  a  special  brush  is  used  in  measoring  arma- 
ture resistance,  care  should  be  taken  that  the  same 
number  of  commutator  segments  is  spanned,  as  is 
the  case  with  the  regular  brushes.— Ed.] 
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Success  In  manulacturlng  depends  not  only  upon  energy  but  efficient  tools. 

The  Grccncrd 

Arbor  Press 

Saves  apoiliDg  work. 

Saves  the  bBrbarooe  poanding  on  a  piece 
of  Bt«el  (the  arbor  or  mandrel)  Ibat  time  and 
mone;  was  epeat  to  make  accurate. 

No  other  tool  in  the  ahop  ie  abased  like 
the  arbor. 

Saves  time  and  finished  work. 

3,000  in  use. 

Used  for  forcing  arbors  or  mandrels  into 
and  out  of  work.  Saves  springing  and  batter- 
ing the  arbor  as  well  as  the  possible  splitting  of 
the  work,  which  comes  from  the  usual  method 
of  driving  the  arbor  by  meane  of  a  hammer  or 
sledge.  Il  also  saves  cleaning  ont  the  center  ol 
the  arbor  and  taking  off  the  lathe  dog  vhen 
changing  pieces. 

Some  years  ago  we  asked  a  machinist  (ao 
acquaintance  of  a  number  of  years)  to  try  one 
of  our  arbor  presses.  He  said  his  work  was  o( 
a  class  that  did  not  admit  of  any  of  tlie  lux- 
uries of  the  craft.  It  was  push  from  7  a.  m. 
to  6  F.  M.  to  make  a  dollar.  Thought  the 
prees  was  all  right  in  simps  that  could  afiord 
it.  He  finally  allowed  us  to  send  him  one,  not 
because  he  tielieved  in  the  press,  but  to  please 
us.  Today  be  has  18  in  use,  and  he  did  not 
buy  them  to  please  us  either. 

Perhaps  yoQ  feel  as  he  did.  Why  not  let 
us  send  yon  one  (it  will  please  us),  and  the 
same  road  that  brings  you  the  press  will  return 
it,  to  US  at  your  command,  and  at  our  expense^ 

'   E\try  live  dealer  acMa  them.    It  yours  doesn't,  send  to 

EDWIIN   E.    BARTUETT, 

'.  SncccswM-  to  c  F.  HARLOW  &  CO.  384  Atlantic  Avenue,  Boston,  U.  S.  A. 
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fB  ARE  all  fiunitUr  with  the  Au^  that 
when   ewe«t   cider,  freshly    pressed 
from  apples,  ii  allowed  to  atand  ex- 
posed to  air,  it  gradually  loeee  its  aweet 
laate,  and  an  alcoholic  liquor  (hard  rider) 
ie  formed.    If  allowed  to  Etfuid  longer,  the 
change  continues,  the  liquid  acquires  a  aoor 
taste,  and  after  a  time  the  alcohol  almost, 
or  eotirely,  disappean,  and  an  acid  liquid, 
known  as  vinegar,  remaioa.    This  method 
of  obtaining  vinegar  is 
largely    used    in    thia 
country,  and  we  are 
all    familiar    with   it, 
but  we  seldom  think 
of  the  chemical  reac- 
tiona   that   cause  the 
changea  in  the   prop- 
ertiee  of  the  liquid  as 
it  passes  from  sweet 
cider  to  vinegar.    The 
procees  consisU  essen- 
tially in  a  breaking  up 
of  the  complex  sugar 
molecules  into  simpler 
molecules  of  alcohol 
and    carbon    dioxide, 
and  a  ftirther  change 
from  alcohol  to  acetic 

acid,  and  is  known  aa  p,^ 

fermentation.     Before 
proceeding  to  the  processes  of  manufacture, 
lei  ue  turn  aside  to  briefly  conaider  the  phe- 
nomena of  fermentation  Upon  which  these 
processes  depend. 

Fermentation  is  a  very  interesting  phe- 
nomenon, and  has  of  late  received  consid- 
erable attention  at  the  hands  of  chemists, 
but  it  must  be  confessed  that  there  ia  atill 
much  to  be  learned  in  regard  to  it.  In  its 
broadest  sense  the  term  is  applied  to  those 

Oifyriiihl.  !»w,6w  The' 


changes  by  which,  in  the  presence  of  a 
ferment,  many  organic  compounds,  princi- 
pally the  carbohydrat«fl,  are  decomposed 
into  simpler  ones.     In  ita  moat  restricted 
sense  the  term  is  used  to  denote  the  decom- 
posiUon  of  sugar  with   the  production  of 
alcohol.    At  least  thi'ee  kinds  of  fermenta- 
tion  are   now    generally    recognized,  viz.: 
alcoholic,  in  which  alcohol  ia  produced  from 
the  sugar;  acetic,  in  which  acetic  acid  is 
prodaced;  and  lactic, 
in  which  lactic  odd  ia 
the  principal  product. 
I    There  are  many  differ- 
ent ferments,  and  they 
differ  largely  in  prop- 
erties, but  those  with 

cemed  at  present  are 
minute    vegetable 
growths.     Although  it 
is  not   known    how 
these  ferments  pro- 
'    duce  the  chemical 
changes    observed, 
they  appear  to  induce 
auch  changes  by  grow- 
I    ing  in  the  aolution 
I    without    consuming 
I,  any  of  the  sugar.    It 

also  appears  that  albu- 
minoid matter  and  phosphates  are  necessary 
for  their  growth.  When  a  aolution  contain- 
ing liitrogenoua  matter,  phoaphates,  and 
glucose — the  variety  of  sugar  present  in 
fruita — is  left  standing  exposed  to  the  air  at 
a  temperature  ranging  from  r>0°  to  7^°  F., 
the  micro><copic  BporeH  floating  in  the  air  tall 
into  the  liquid  and  begin  to  grow  by  the 
addition  of  cells,  or  the  budding  proceaa,  aa  it 
is  called.    Daring  this  growth  the  sugar  is 
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B[«adily  converted  into  Alcohol  and  CArbon 
dioxide,  1  molecule  of  sugar  producing  2 
molecules  eacli  of  alcohol  and  carbon  diox- 
ide, according  to  the  equation: 

C.ff„0>    =    2C,H^0H    +    200, 

BUgu  klcobol        carbon  dioitde 

In  Fig.  1,  one  of  the  plants  prodncii^ 
alcoholic  fermentation  is  ahown  aa  it  ap- 
peara  under  the  microscope.  It  should 
be  remarked  at  this  point  that  cane  sugar 
CaH„0,i  is  not  directly  changed  into  alcohol 
and  carbon  dioxide  by  ferments,  but  if  it  is 
first  treated  with  dilute  acid,  or  is  allowed 
to  stand  in  a  solution  in  which  the  fennent 
is  growing,  it  is  converted  into  invert  sngar, 
and  then  the  change  to  alcohol  and  carbon 
dioxide  takes  place  according  to  the  above 
equation. 

If  the  solution  ie  allowed  to  stand  exposed 
to  the  air  at  a  moderate  temperature,  the 
change  will  not  stop  when  the  sugar  is  con- 
verted into  alcohol  and  carbon  dioxide,  but 
the  alcohol  will  be  changed  to  aceUc  acid. 
This  change  from  alcohol  C,HfiH  to  BC«tic 
acid  C,Hfit  is  an  oxidation,  as  will  appear 
from  their  for- 
m  u  1  a  e.     The 
spores  of  acetic 
ferment    {myco- 
dertna  oo,ii) 
floating   in  the 
air  Call  into  the 
liquid  and  begin 
to  grow,  not  as 


\  the  I 


I  of 


the  alcoholi 
ferment,  by 
budding,  but  by 
splitting  or  fis- 
I  Bureofthecells. 
It  is  not  known 
1  just  how  this 

plant    induces 
V  the  change,  but 
P^Q  2  under  its  influ- 

ence the  alcohol 
is  oxidized  to  acetic  acid;  and  water  ie  pro- 
duced according  to  the  equation: 

(J,H^OH  +    0,  =   C,[T,0,  -,    H,0 

■Icohol         oxfgcD    acetic  acid        wBter 

The  conditions  most  favorable  for  acetic 

fermentation  are: 

'1.  A  weak  solution  of  alcohol,  containing 
not  more  than  1 2  per  cent,  of  this  compound, 
together  with  nitrogenous  matter  and  phos- 
phates neceaaary  for  the  growth  of  the  plant. 

2.  Acetic  ferments — ni'icodermfi  acfli,  etc, 

3.  Abundant  access  of  air,  which  supplies 
oxygen. 


4.  A  temperature  ranging  from  68°  to 
95°  F. 

Under  these  conditions,  the  ferment,  fall- 
ing on  the  Btrr&ce  of  the  liquid,  commences 
to  grow,  and  forms  a  gelatinous  film  that 
becomes  heavy  and  (alls  to  the  bottom, 
while  the  alcohol  is  oxidized  to  acetic  acid, 
according  to  the  above  equation.  Another 
Sim  forms  and  sinks  to  the  bottom,  and  this 
continues  as  long  as  the  liquid  contains  food 
for  the  ferment  The  gelatinous  matter  that 
collects  at  the  bottom  is  a  mass  of  the  flBSure 
cells,  and  is  known  aa  "mother  of  vin^ar." 

From  what  has  been  said  it  is  evident  that 
cider  is  well  adapted  for  the  production  of 
vinegar.  Apples  contain  sugar,  b^thra' 
with  phosphates  and  nitrogenous  matto', 
and  these  latter  constituents  in  the  juioe 
furnish  the  food  necessary  for  the  growth  of 
the  ferments.  When  allowed  to  stand  ex- 
posed to  air  at  a  moderate  tempemture,  the 
ferment  spores  tall  into  it  and  grow,  chan- 
^i^  the  sngar  to  alcohol  and  the  alcohol  to 
acetic  acid.  Although  the  reactions  men- 
tioned are  the  prindpal  and  essentia]  ones, 
others  also  take  place.  Some  acetic  ether  is 
formed,  and  this,  together  with  smaller 
quantities  of  other  substances,  gives  the 
vin^ar  its  pleasant  aromatic  odor  and 
flavor.  The  process  of  manufacture  is  the 
familiar  one  of  allowing  the  barrels  contun- 
ing  the  cider  to  lie  in  the  sun  or  in  a  warm 
cellar  with  the  hung  holes  open.  It  is  some- 
times made  a  progressive  proceee,  however, 
by  adding  fresh  quantities  of  cider  from  time 
to  time,  and  adding  some  mother  of  vinegar 
to  accelerate  the  change. 

It  ie  evident,  then,  that  for  the  production 
of  a  strong  vin^ar,  sweet  apples  are  the 
best,  for  it  is  the  sugar  in  the  juice  that  pro- 
duces the  acetic  acid.  The  malic  acid  that 
gives  the  sour  flavor  to  apples  is  unimportant 
in  the  production  of  vinegar.  The  writer 
was  called  upon,  not  long  since,  to  analyze  a 
sample  of  vinegar  that  the  producer  said  was 
too  strong  for  household  use.  He  stated  that 
it  was  made  ttotn  sweet,  juicy  apples,  and 
could  not  understand  why  it  should  be  so 
sour.  The  explanation,  of  course,  was  very 
simple.  The  sweet  flavor  of  the  apples  was 
due  to  a  large  amount  of  sugar,  and  this,  on 
fermentation,  yielded  a  large  amount  of 
acetic  acid.  The  analysis  showed  the  per- 
centage of  acetic  acid  in  this  sample  to  be 
exceptionally  high. 

Thoi^hcideris  largely  used  in  this  country 
for  the  production  of  vinegar,  it  is  not  its 
only  source,  nor  is  it  the  principal  one,  if  the 
world's  supply  is  considered.    Vinegar,  as 


THK  MANVFACTURE  OF  VINEGAR. 


563 


we  have  seen,  can  be  prodnced  from  any 
dilute  alcohol  eolation  containiDg  food  for 
the  acetic  ferment,  and  geveral  euch  solntioDB 
areused.  InEurope—principallyin France- 
large  quantitiee  of  vinegar  are  annually  pro- 
dnced from  wine.  Vinegar  ie  also  made  in 
Germany  from  bnndy,  in  England  from 
malt  wort,  or  heer,  and  in  thie  country  from 
whisky.  The  following  procemea  are  in  uae 
for  the  manufacture  of  vinegar  from  theee 
Bubetancee. 

1.  The  Orlami  Froceee.—TtuB  method,  by 
which  vin^ar  ie  produced  from  wine  in 
France  and  Germany,  ie  the  oldeet  one  now 
in  nee.  The  "mother  casks,"  which  are 
made  from  oak  and  hold  from  50  to  100 
gallons,  are  first  steamed  out  and  then 
filled  to  one-third  their  capacity  with  boiling 
vinegar,  to  sour  them.  The  wine  to  be 
acetified,  which  haa  been  allowed  to  stand 
over  wine  lees  for  a  time,  and  then  clarified 
by  being  passed  through  vats  containing 
beech  shavings,  is  now  added  in  quantitiee 

'  of  10  liters  to  each  cask  every  8  days.  When 
the  casks  are  rather  more  than  half  fbll, 
one-third  of  the  contents  are  siphoned  ont 
into  storage  vats,  and  the  addition  of  wine 
continued,  as  before.  The  procees  ie  con- 
tinuons,  and  the  mother  casks,  or  acetiflers, 
may  be  used  in  this  way  for  several  years, 
until  the  sediment  of  argols,  yeaet,  and  other 
impurities  makes  it  necessary  to  clean  them. 
A  temperature  between  75"  and  80°  F.  has 
been  found  best  for  this  process.  The  vine- 
gar made  by  this  proceee  haa  a  very  pleasant 
aroma  and  flavor.  That  made  from  white 
wine  is  conudered  the  best. 

2.  The Quict-ViriegaT Pnxxat. — Thisprocesa 
is  used  in  Germany  for  the  production  of 
vinegar  from  brandy,  and  in  this  country 
for  ite  production  from  whisky.  The  aceti- 
flers in  this  ca«e  are  upright  casks  varying 
from  6  to  12  feet  in  height  and  from  3  to  6 
fbet  in  diameter.  A.  section  of  one  of  theee 
caake  ie  shown  in  Fig.  2.  About  a  foot 
above  the  true  bottom  it  has  a  false  bottom, 
perforated  like  a  sieve,  and  juet  beneath  this 
&lse  bottom  a  series  of  holes  extending 
entirely  around  the  cask  is  bored  elanting 
downward,  through  which  the  airenters  dur- 
ing the  process.  Beech  ehavings  that  have 
been  boiled  in  water  and  dried,  and  then 
soured  by  soaking  in  warm  vinegar  for  24 
hours,  are  filled  in  above  the  false  bottom. 
Above  these  is  placed  a  disk  perforated  by 
small  holes  that  are  loosely  filled  with  pack 
thread,  and  by  four  large  glass  tubes  for  the 
idr  to  pass  through.  The  cask  is  then  closed 
with  a  cover  having  a  hole  in  the  center, 


through  which  thealcohotic  liquid  ie  poured, 
and  through  which  the  air  passes  from  the 
flask.  The  diluted  liquor,  which  is  generally 
mixed  with  malt  in^eion,  to  furnish  food 
for  the  ferment,  is  added  at  the  top,  and  as 
it  commences  to  oxidize  the  temperature 
rises,  causing  the  air  in  the  cask  to  pass  out 
at  the  top,  and  fresh  air  enters  through  the 
holes  under  the  false  bottom  to  take  its 
place.  Thus  the  liquid  trickling  downward 
through  the  shavings  is  met  by  a  current  of 
air  passing  upward,  and,  under  the  influence 
of  the  ferment,  is  rapidly  oxidised.     The 


partially  oxidized  liquid  collecting  in  the 
bottom  of  the  cask  flows  into  the  top  of 
another  cask,  and  the  oxidation  continues. 
If  the  original  liquid  does  not  contain  more 
than  4  per  cent,  of  alcohol,  that  drawn  off 
from  the  second  cask  will  be  good  vinegar. 
A  temperature  of  about  95°  F.  should  be 
maintained  in  the  casks,  for  if  the  tempera- 
ture is  mnch  lower,  the  oxidation  is  too 
slow,  and  if  much  higher,  too  much  alcohol 
and  aldehyde  (a  volatile  oxidation  product 
between  alcohol  and  acetic  acid )  are  lost  by 
evaporation. 

3.  Mall  Vinegar.  —  The  manu&cture  of 
vinegar  from  malt  wort  is  similar  to  the 
quick-vinegar  process,  hut  the  casks  used  are 
much  larger,  holding  from  8,CMXI  to  10,000 
gallons,  and  are  somewhat  difierently  con- 
structed. Bundles  of  birch  twigs  that  have 
been  repeatedly  boiled,  to  free  them  from 
jaice  and  coloring  matter,  are  placed  upon 
the  perforated  false  bottom.  The  malt  wort 
is  fed  in  below  the  fiUee  bottom,  where  it  is 
warmed  by  steam  pipes.  It  is  then  pumped 
to  the  top,  sprinkled  over  the  twigs,  and 
allowed  to  trickle  through  them.  This  is 
continued  until  acetification  is  complete. 
The  temperature  is  raised  to  110°  F.  at  the 
beginning  of  this  process,  bat  is  soon  allowed 
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to  fall  to  100°  F.,  at  which  it  is  maintained 
thronghont  the  remainder  of  the  process. 

4.  Pasteur^ B  Process. — In  this  process,  small 
quantities  of  phosphates  of  potassium,  mag- 
nesium, and  calcium  are  mixed  with  a  solu- 
tion containing  2  per  cent,  of  alcohol  and 
1  per  cent,  of  vinegar,  and  acetic  ferment 
{mycodenna  acHi)  is  added.  The  plant 
grows  rapidly,  spreading  over  the  surface 
of  the  liquid,  and  the  alcohol  is  oxidized 
to  acetic  acid.  When  half  the  alcohol  is 
changed  to  acetic  acid,  small  quantities  of 
wine  or  alcohol  mixed  with  beer  are  added 
daily,  until  the  oxidation  slackens.  The 
vinegar  is  then  drawn  off,  and  the  mother  of 
vinegar  is  washed  and  used  with  a  freshly 
prepared  mixture.  Vinegar  made  in  this 
way  is  said  to  possess  the  pleasant  aroma  for 
which  wine  vinegar  is  so  highly  esteemed. 

5.  Dohereiner^s  Process. — As  the  production 
of  vinegar  from  an  alcoholic  liquid  depends 
on  the  oxidation  of  the  alcohol  to  acetic 
acid,  it  was  sought  to  produce  this  change 
without  the  aid  of  a  ferment,  and  Dobereiner 
succeeded  in  accomplishing  this  by  means  of 
platinum  black,  which  has  the  power  of 
occluding  oxygen  and  giving  it  up  to  alcohol 
vapors  when  they  come  in  contact  with  it. 
The  apparatus  for  the  production  of  vinegar 


by  this  process  is  shown  in  Fig.  3.  It  con- 
sists of  a  small  glass  house  containing  a  num- 
ber of  shelves,  and  provided  with  ventilators 
in  the  roof  and  at  the  bottom,  by  means  of 
which  the  air  supply  may  be  regulated. 
Upon  each  shelf  are  placed  a  number  of 
porcelain  dishes  containing  the  alcohol  to  be 
acetified,  and  in  each  dish  is  placed  a  porce- 
lain tripod  to  support  a  watch  glass  contain- 
ing platinum  black,  or  spongy  platinum. 
The  interior  of  the  house  is  heated  to  about 
91  °  F.  by  means  of  a  steam  pipe.  This  slowly 
evaporates  the  alcohol,  and  its  vaporp,  on 
coming  in  contact  with  the  platinum  black, 
are  rapidly  changed  to  acetic  acid.  So  long 
as  the  circulation  of  air  is  kept  up,  the  plati- 
num black  will  occlude  oxygen  and  give  it  up 
to  the  alcohol ;  hence,  the  same  quantity  of 
platinum  black  may  be  used  for  the  produc- 
tion of  an  indefinite  amount  of  vinegar.  If 
this  process  is  to  be  carried  on  without  waste, 
the  air  passing  out  of  the  apparatus  must  be 
conducted  through  a  condenser,  to  obtain 
the  alcohol  and  acetic  acid  carried  with  it. 

It  has  been  impossible,  in  the  allotted 
space,  to  give  more  than  a  brief  outline  of 
the  principles  and  processes  involved,  but 
this  whole  matter  is  a  very  interesting  sub- 
ject for  careful  study  and  experiment 


RAPID    SKETCHING 


W.  F.  S. 


SKETCHING  is  the  shorthand  of  drawing, 
and  therefore,  to  be  of  practical  service 
to  the  artisan,  must  be  placed  on  an 
established  basis  equally  rapid  and  com- 
municative with  that  of  stenog- 
raphy. 

A  pencil  and  a  scrap  of  paper 
in  the  hands  of  a  mechanic  with 
a  knowledge  of  rapid  sketching 
will  enable  him  in  a  few  strokes 
to  record  the  ideas  or  instruc- 
tions of  others,  as  well  as  illus- 
trate his  own,  thus  saving  hours 
of  valuable  time  and  a  volume 
of  words  in  establishing  a  mutual 
understanding.  Now,  there  is 
no  method  better  adapted  to 
acquire  this  end  than  an  outline 
drawing,  sometimes  called  a 
migle-iine  sketch — devoid  of  detail,  color,  or 
shade,  yet  in  its  skeleton  simplicity  convey- 
ing to  the  mind  all  that  is  absolutely  neces- 
sary to  be  known. 


As  much  depends,  in  everything,  on  get- 
ting the  right  start,  we  will  give  a  few  points 
in  that  direction.  Do  not  try  to  draw  a 
straight  long  line;  if  you  desire  such,  draw  a 
succession  of  short  disconnected 
lines;  practice  alone  will  bring 
satisfactory  results.  Curved 
lines  should  always  be  broken 
at  intervals,  and  a  circle  should 
never  be  drawn  freehand  with 
one  continuous  line,  as  only  one 
man  (Giotto)  has  been  credited 
with  doing  that  successfully.  In 
forming  a  circle,  make  at  least 
two  strokes — one  at  the  top  and 
the  other  at  the  bottom;  still 
more  are  even  better.  It  is  not 
necessary  that  the  lines  should 
be  perfectly  true,  as  an  uneven 
line  in  most  cases  is  much  more  desirable. 
The  accompanying  illustration  shows  the 
relative  value  of  the  right  and  wrong  in 
freehand  drawing. 
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PLUMBING  A  HALF-TIMBERED  COTTAGE. 


Thos.    N.  Thomson. 

How  THE  Drainage  System  is  Arranged— Ventilation  of  the  System — How  to  Trap 

THE  Work   Properly. 


THE  plumbing  of  a  cottage  such  as  de- 
scribed in  the  serial  article  by  Mr.  C.  S. 
Kaiser,  entitled  *'A  Half-Timbered 
Cottage,"  which  was  begun  in  the  August, 
1899,  issue  of  ''The  Building  Trades  Maga- 
zine,'' consists  of  (a)  the  plumbing  fixtures, 
i.  e.,  the  laundry  tubs  in  the  basement,  one 
kitchen  sink,  one  water  closet,  one  wash 
basin,  one  bath,  one  range  and  boiler; 
(6)  the  drainage  system;  (c)  the  water- 
supply  system.  The  plumbing  fixtures  have 
already  been  described  and  illustrated,  so 
in  this  article  we  will  confine  our  thoughts 
to  the  drainage  and  water-service  piping 
required  for  the  fixtures. 

The  drainage  system  is  composed  of  all 
pipes  necessarily  required  to  convey  waste 
matter  from  the  fixtures  to  the  place  chosen 
for  its  disposal;  also,  all  pipes,  etc.  neces- 
sarily required  to  prevent  drain  or  sewer 
gases  from  entering  the  building,  or  from 
accumulating  inside  the  system. 

In  a  general  way,  the  drainage  systems  of 
all  small  buildings,  like  the  "  Half-Timbered 
Cottage"  with  which  we  have  lately  become 
familiar,  may  be  subdivided  as  follows: 
(1)  The  main  house  drain  (and  its  lateral 
branches),  which  runs  through  the  cellar 
with  an  easy  pitch.  (2 )  The  soil  pipe,  which 
runs  vertically  from  the  highest  end  of  the 
main  house  drain  up  to  and  through  the  roof; 
also  the  branches  that  extend  from  the  soil 
pipe  to  receive  discharges  from  the  plumbing 
fixtures.  (3)  Vent  pipes  and  their  branches 
that  connect  to  the  crowns  of  the  fixture 
traps  and  discharge  through  the  roof  sepa- 
rately or  otherwise;  also,  a  fresh-air  inlet 
pipe,  which  is  necessarily  required  when  a 
trap  is  placed  on  the  main  house  drain,  to 
prevent  gases  in  the  street  sewer  from  enter- 
ing the  house-drainage  system. 

THE  HOUSE  SEWER. 

To  design  a  drainage  system  for  any 
house,  we  should  first  know  where  the 
sewage  matter  is  to  be  discharged.  In 
the  case  of  our  half-timbered  cottage,  we 
will  suppose  the  place  of  disposal  to  be  a 
street  sewer  of  the  ordinary  kind.  If  the 
town  or  city  where  this  house  is  to  be  built 
has  any  self-respect  worthy  of  the  name,  it 
will  not  allow  any  person  to  make  connec- 


tions to  its  sewers,  except  the  party  who  is 
qualified  and  duly  authorized  to  do  so. 
Next  to  the  city's  own  expert  on  sewer  con- 
nections comes  the  plumber.  He  can  and 
does  make  a  good  connection  when  he  gets  a 
fair  chance.  But  woe  betide  the  municipal 
sNithorities  that  allow  Tom,  Dick,  and  Harry 
tatap  the  sewers  where  and  how  they  please, 
for  the  sewers,  no  matter  how  good  they  are, 
will  soon  become  so  thoroughly  choked 
that  even  the  sewer  rats  will  scarcely  be 
able  to  squeeze  through.  We  will  not  tell 
you  how  **  not  to  make"  the  sewer  connec- 
tion, for  you  can  conceive  that  yourself  if 
you  examine  Fig.  1  carefully.  This  illus- 
tration shows  the  very  best  connection  you 
can  get.  A  Y  branch  has  been  left  on  the 
street  sewer  a  and  it  does  not  droop  down 
like  so  many  imperfect  Y  branches.  It  is 
tilted  up  a  little,  which  helps  to  prevent 
sewage  from  backing  into  the  house  sewer  6. 
An  obtuse  bend  may  be  used  to  bring  the 
branch  around  to  the  square,  if  so  desired, 
as  shown  by  dotted  lines. 

The  house  sewer  should  run  as  straight  as 
a  gun  barrel  from  the  street  sewer  to  the 
main-drain  trap,  and  should  be  laid  with  a 
pitch  of  at  least  1  in  60.  One- fourth  of  an 
inch  fall  per  foot  is  found  to  be  an  excellent 
pitch.  This  pipe  is  usually  6-inch  vitrified 
terra  cotta,  if  the  ground  on  which  it  lies  is 
hard  and  solid  natural  ground;  but,  if  it  is 
filled  in,  then  the  pipe  should  be  extra 
heavy  cast  iron,  thoroughly  coated  both 
outside  and  inside  with  a  non-soluble,  non- 
corrodible,  durable  covering  that  will  pre- 
vent corrosion  of  the  pipe.  The  earthenware 
pipe  should  be  jointed  with  the  best  quality 
of  Portland  cement  and  clean  sharp  sand 
(half  and  half),  while  the  cast-iron  house 
sewer  should  have  its  joints  all  calked  with 
lead  and  oakum.  As  earthenware  pipe  is 
very  liable  to  be  broken  or  diqointed  under- 
ground, the  health  department  rules  and 
regulations  advise  that  the  earthen  sewer 
should  not  come  within  5  feet  of  the  founda- 
tion walls  of  the  building;  in  fact,  the  best 
health  authorities  make  this  regulation  com- 
pulsory. It  is  customary,  therefore,  in  all 
respectable  neighborhoods— that  is  to  say,  in 
neighborhoods  where  the  people  have  enough 
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iotalligent  perception  to  see  the  necMBttjr  of 
having  healthftal  homee  and  sanitary  snr- 
roandlnge— to  ran  the  cut-iron  bouse  drain 
through  the  foundation  wall  and  extend  it 
oat  about  5  or  10  feet,  where  it  connects 
with  an  "  increas- 
ing piece"  and  a 
cement   joint   to 
the   earthenware 
sewer. 

The  proper  size 
for  the  house 
sewer  of  an  ordi- 
nary reudence, 
like  Uie  one  onder 
b  coneideration,  ia 
,  from  6  to  6  laches 
ifofearthenware, 
and  from  4  to  5 
inches  if  of  cast 
iron.  The  reason 
for  the  difference 
in_oiie_i8   that 

pipes  are  seldom 
as  perfect  as  they 
should  be.  Near-dghted  theorists,  who  find 
the  sizes  of  small  sewers  with  (^culating 
machines,  may  tell  us  that  there  should  be 
no  difierence  in  the  sisea — that  the  material 
has  no  bearing  in  the  matt«r,  etc. ;  but  this 
is  nonsense,  and  we  find  practical  proof  of 
it  every  day. 


under  the  cellar  floor  and  continues  out 
through  the  rear  cellar  wall,  to  take  in  the 
leaders  a,  a,  as  shown  in  Pig.  3.  Bat  a  main- 
drain  trap  is  placed  upon  it  at  the  frvnt 
cellar  wall,  and  the  same  kind  of  a  trap,  but 
with  another  name  (run-water  trap),  is 
located  at  the  rear  cellar  wall. 

The  branches  that  carry  off  waste  matter 
from  the  plumbing  fixtures  connect  to  the 
main  drain  at  points  between  these  traps, 
and  the  two  front  leaden  b,  b  are  trapped 
befcn«  they  connect  to  the  main  drain.  The 
water  closet  is  the  only  plumbing  fixtore 
ebown;  the  relatdve  positions  of  the  otben 
are  indicated  by  their  respective  traps.  The 
conree  taken  by  the  water  dischai^ed  from 
any  fixture  can  be  foand  by  tracking  the 
waste-pipe  lines.  Bat  the  mere  matter  of 
carrying  away  the  sewage  ia  one  of  the  least 
important  il«ms  in  the  structure.  Many 
yean  ago  that  was  all  the  plumbers  thought 
about,  ao  the  soil  and  waste  pipes  all  termi- 
nated at  their  respective  fixtures  and  seldom 
ran  any  highar.  Serious  outbreaks  of  ter- 
rible diseases  and  plagues  soon  opened  the 
eyes  of  the  world  to  the  fact  that  there  were 
other  things  to  be  considered  than  the 
mere  putting  in  of  pipes  to  carry  off  dirty 
water  and  its  legitimate  accompanimenta. 


Before  going  into  the  detuls  of  the  drain- 
age system  inside  the  building,  it  would  be 
well  for  our  readers  to  get  acquainted  with 
the  names  and  dnties  of  the  several  parts 
of  the  system;  therefore,  we  take  pleasure 
in  calling  attention  to  the  isometric  draw- 
ing. Fig.  2.  This  illastrates  the  general 
arrangement  of  all  the  drainage  pipes  in  the 
building,  and  lets  the  layman  aee  that  the 
plumbers  put  in  more  pipes  than  the  public 
gives  them  credit  for.  But  the  pipes  shown 
in  Fig.  2  are  not  all,  by  any  means,  for  the 
water-distributing  services,  risers,  branches, 
etc.  are  not  shown  in  this  figure.  It  is  safe 
to  count  on  nearly  twice  as  many  as  are 
here  shown.  We  do  not  show  the  water 
pipes  in  Fig.  2  at  all;  if  we  did,  the  sketch 
would  be  BO  complex  that  few  people  would 
care  to  "follow  it  up." 

Now,  let  us  study  Fig.  28nd  get  acquainted . 
with  the  whys  and  wherefores  of  its  several 
parts.  B^in  at  the  very  bottom,  where  the 
4-inch  cast-iron  house  sewer  comes  in  through 
the  cellar  wall.  The  main  drain,  which  is  a 
continuation  of  the  house  sewer,  runs  along 


Physidana  began  to  shout  wun-  gat .'  Sciui- 
tific  men  gave  the  great  problem  of  house 
drainage  much  study,  and  ultimately  decided 
that  the  entire  drainage  syatam  of  a  bnildii^ 
should  be  ventilated  so  that  the  sewer  gas 
might  escape  to  the  atmoephwe  above  the 
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roof  and  thus  mix  with  the  four  winds  of 
heaven,  instead  of  filling  the  homes  of  the 
people.  At  the  same  time  many  plumbers 
began  to  get  very  proud  indeed,  not  because 
the  world  looked  on  them  as  the  indirect 
cause  of  so  much  suffering  and  death,  but 
simply  because  a  new  era  had  opened  up, 
and  they,  to  distinguish  themselves  from 
their  fellows,  christened  themselves  sanitary 
engineers.     But   things   are  now  changed 


to  those  pipes  through  which  no  water 
can  flow.  They  are  the  ventilation  pipes, 
called  vent  pipes  for  short.  They  are  all 
arranged  to  accomplish  the  important  result 
of  producing  a  constant  changing  of  the  air 
throughout  the  drainage  system,  so  that 
the  gas  produced  bv  the  decomposition  of 
organic  matter  in  the  system  will  be  diluted 
with  fresh  air  and  made  as  harmless  as  pos- 
sible; also,  to  supply  air  freely  to  the  crowns 


altogether.  Most  of  the  lead-pipe  pioneers 
have  gone  up  to  a  better  land,  and  their 
successors  are  doing  the  scientific  work 
below  on  the  new  plan — plumbers  now  are 
plumbers,  while  sanitary  engineers  are  sani- 
tary engineers. 

But,  to  come  back  to  the  question  of  venti- 
lation of  house-drainage  work,  we  would 
again  draw  attention  to  Fig.  2 — this  time 


of  the  fixture  traps,  and  thus  prevent  their 
seals  from  being  spoiled  by  siphonage.  It 
will  be  understood  that  these  traps  are  used 
to  keep  in  the  sewer  gas  and  at  the  same 
time  allow  water  to  fiow  away  from  the 
fixtures. 

Now,  if  the  reader  will  follow  up  the  vent 
pipes,  and  think  a  little  bit,  he  will  discover 
the  facts  that  each  branch  in  the  house 
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■ystem  will  receive  a  tborcH^b  change  of  air,      of  airaDging  them  in  the  manhole.    The 

for  the  pipes  are  all  arranged  to  bcilitate     maio-dmn  trap   a   is    provided  with    two 

bnua  Bcrew-cap  clenn-oata 
that  are  flash  with  the  floor 
of themanhole.  Arain-waler 
trap  c,  which  traps  both  the 
front  leaden  b,  b,  instead  of 
two  separate  traps,  as  shown 
in  Fig.  2,  is  set  a  little  higher 
than  the  main-dndn  trap,  eo 
that  the  rain  water  may  dis- 
charge into  the  sanitary  t«e 
fittingdon  the  freeh-air  inlet 
pipe  c.  Each  nndergroand 
trap  is  thne  aecenible  mud 
can  easilj  be  cleared  at  anf 
time.  Bjr  joining  the  two 
front  leadors  together,  and 
naing  one  tr«p  for  both,  in- 
stead of  one  tisp  for  each, 
as  shown  in  Fig.  2,  which  is 
common  practice,  we  not 
only  save  the  cost  of  a  tr»p, 
bnt  also  provide  for  ventila- 
tion of  the  leaders  by  allow- 
ing either  one  to  act  as  an 
outlet  for  the  other.  In  Fig. 
2  the  front  leaders  are  dead 
eods — which  means  that 
there  cannot  be  a  circalation 
•w.—  ■   of  nir  throngh  them.     Dead- 

^°-  *■  end  leaders,  as  a  rule,  corrode 

circalation;and  that  no  trap  can  be  siphoned      rapidly,  becanse  they  cannot   be  properly 

out.     He  will  also  observe  that  the  vent      dried  on  their  inner  surfaces.    Two  bends 

pipes  discharge   into  the  4-inch  soil   pipe      having  heel  outlets  are  attached  on  the  fW>nt 

below  the  roof,  which  is  very  com- 
mon practice,  indeed.  We,  how- 
ever, prefer  to  run  the  main  vent 

pipeseparately  through  the  roof  It 

inauree  a  more  positive  circulation.  , 
A  careful  study  of  Fig.  3,  which  i 

is  a  plan  of  the  cellar  showing  the 

drainage   pipes   underground,   will  ' 

help  the  reader  to  comprehend  how 

a  first-class  eyetem  of  drainage  may 

be  laid  for  an  ordinary  small  build-  \ 

ing.      A   brick  manhole    is  built 

around  the  Jf.  D.  T.,  or  main-drain 

trap,  for  access  to  this  point.    The 

R.  W.  r.,  or  rain-water  trap,8t  the 

opposite  wall,  has  no  manhole,  for 

its  handholes  are  flush  with  the 

floor  (see  sectional  view,  Fig.  3). 

The  abbreviatioas  on  this  figure 

can  be  understood  by  reference  to  p^^  ^ 

the  isometric  drawing. 
Fig.  4  is  a  perspective  view  of  the  corner 

where  the  pipes  come  in  through  the  front 

wall,  and  clearly  shows  an  excellent  method 


leaders  where  they  torn  down  into  the  con- 
crete floor,  and  brass  screw-cap  clean-outa 
are  also  calked  into  tbem  for  the  porpose 
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of  clearing  anjr  cbok^^  that  may  occur  in 
the  bends  of  the  lenders  nnder  the  floor. 
These  cletm-onts  often  prove  very  oeefal, 
tot  twigs,  leaves,  etc.  occasionally  choke 
leader  pi  pee. 

In  Fig.  3  it  will  be  noticed  that  the  4-inch 
soil  pipe  S,  P.  rune  op  alongside  of  an 
overhead  beam  (also  shown  in  Fig.  6), 
which  carries  a  parUtion  on  the  first  floor 
and  the  joial«  as  well.  But,  as  the  soil  pipe 
ie  required  to  be  ran  inside  the  partition, 
it  follows  that  an  offset  must  be  on  the  soil 
pipe  to  bring  it  over  the  top  of  the  beam  and 
between  the  joists.  Pig.  5  illustrates  this 
admit«hly,  and  at  the  same  time  shows  how 
the  2-inch  vent  pipe  V.  P. 
could  he  run  alongside  the 
soil  pipe  if  desired. 

Owing  to  the  fact  that  the 
pipe  crosses  the  beam  close 
to  its  point  of  support,  it  is 
quite  Bsfe  to  notch  the  corner 
of  the  beam  a  little,  as  shown, 
to  get  room  for  the  flttings. 
An  iron  strap  clasps  the 
4-incb  pipe  tightly  against 
the  side  of  the  beam,  while 
a  block  b  helps  to  take  up 
the  dead  weight  of  the  stack 
above.  A  common  pipe  hook 
e  holds  in  the  2-inch  pipe. 
The  pipe  a  ie  a  j-inch  or 
1-inch  galvanized -iron  pipe 
that  brings  in  water  from 
the  street  mains.  The  re-  : 
mainder  is  self-eiplanatory. 

Now  we  have  finished  in 
the   cellar.      Let  us  go  up  - 
stairs  to  the  bathroom  on  the 
second   floor,  rear.     Fig.  6  - 
shows  it  in  the  rough  state. 
The  carpenters  have  just  got 
thebuildingcovered,  but  the 
floors  are  not  laid  yet.    The 
plumber's  pipes  are  all  in, 
however,  and  are  ready  for  testing,  or,  if 
they  have  already  been  tested,  then  every- 
thing is  in  condition  for  the  other  mechanics 
to  come  and  finish  their  work  in  the  bath- 
room.    After   they    are    all    fiuished,  the 
plumber   comes  back  to  put  in  the  bath, 
basin,  and  water  closet. 

The  branch  a  taken  from  the  soil  pipe  h, 
ie  simply  a  lead  bend.  It  is  joined  to  the 
sanitary  tee,  or  T  V,  on  the  vertical  stack,  by 
means  of  a  brass  ferrule,  one  end  of  whirh  is 
wiped  to  the  lead  bend,  and  the  other  end  is 
calked  in  the  socket  of  the  T  V  with  lead 
and  oakum.    All  the  joints  in  the  cast-iron 


pipe  should  he  calked  with  lead  and  oakum. 
If  any  person  uses  cement  or  putty  for  this 
work,  he  should  be  immediately  removed 
from  the  premises,  and  his  work  overhauled 
and  made  right  by  a  first-class  mechanic. 

The  waste  pipes  c  for  the  wash  basin  and 
d  for  the  bath,  are  both  made  of  lead,  and  it 
wilt  be  noticed  that  they  are  both  uniformly 
supported  on  wooden  stielvee.  If  the  owner 
of  a  building  pinches  the  plumber  too  much 
on  the  contract  price,  or,  what  is  eUll  worse, 
if  he  allows  a  general  contractor  to  sublet 
the  contract  for  plumbing,  these  minute  yet 
very  important  details  will  invariably  be 
omitted,  and  the  lead  waste  pipes  will  be 


laid  minus  supports.  The  result  of  this 
n^lect  soon  speaks  in  its  own  way,  for  the 
waste  pipes  will  sag  between  the  joists  and 
soon  become  obstructed  either  by  solid  mat- 
ter or  by  air  locks,  which  are  about  as  bad. 
Owing  to  the  fact  that  the  water  closet  is 
set  quite  close  to  the  soil  pipe,  it  is  deemed 
unnecessary  by  many  authorities  to  back- 
vent  the  closet  branch;  but  if  any  fixtures 
discharge  into  the  soil  pipe  at  a  point  bi);her 
than  thiscloeetbranch,  it  wouldbe  advisable 
to  back-vent  it  with  a  2-iDch  pipe.  The  basin 
is  hack -vented  by  a  1|-  or  I  j-iuch  pipe  r,  and 
the  bath  by  a  similar  pipe  /,  both  of  which 
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connect  to  the  2-inch  vent  pipe  g^  which  is 
continued  down  to  back-vent  the  sink  on 
the  first  floor  and  the  laundry  tube  in  the 
basement.  It  is  continued  up  Aill  size 
between  the  studding  to  the  attic,  where  it 
crosses  over  the  bathroom  ceiling  and  joins 
the  4-inch  soil  pipe  under  the  roof;  it  may 
be  continued  up  through  the  roof  separately, 
as  previously  mentioned. 


The  matter  of  piping  a  building  for  hot- 
and  cold-water  supply  is  not  so  intricate  or 
so  important  as  for  drainage,  when  a  good 
street  pressure  can  be  obtained.  But  it  is 
important,  nevertheless,  and  is  really  worthy 
of  more  consideration  than  we  have  space 
to  give  it  at  present  Therefore  we  will  post- 
pone this  part  of  the  subject,  hoping  to 
describe  it  in  a  future  issue. 
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Thk  Saving  Duk  to  Heating  the  Fbedwatbb — Claims  for  the  Open  Type  op  Heater. 

The  Ck)N8TRUcri0N  op  a  Modern  Heater. 


a  \   DOLLAR  saved  is  a  dollar  gained,'' 
I\  is  an  old  saying  that  is  true  whether 
applied  to  a  steam  plant  or  to  any- 
thing else. 

In  pace  with  the  rapid  progress  of  engi- 
neering, there  are  appliances  being  invented 
from  time  to  time  to  overcome  this  or  that 
difficulty,  or  to  partially  or  entirely  prevent 
this  or  that  waste  in  steam  plants.  These 
devices  have,  in  the  past,  been  looked  on  by 
many  short-sighted  steam  users  more  or  less 
as  luxuries;  but  the  efficiency  attained  by 
the  use  of  appliances  designed  by  engineers 
of  authority,  is  gradually  making  them  an 
actual  necessity  in  a  modem  steam  plant. 
Along  with  other  appliances  in  the  steam- 
engineering  line,  the  feedwater  heater  has 
now  taken  its  place  as  a  necessary  adjunct  to 
the  steam  plant,  and,  as  an  economical  appli- 
ance, it  is  considered  by  many  to  stand 
without  a  superior.  Its  first  cost  is  the  only 
expense,  as  its  operation  and  maintenance 
cost  nothing.  It  is  automatic  in  its  opera- 
tion, and  requires  the  least  attention  of  any 
appliance  connected  with  the  generation  of 
steam.  The  economy  accomplished  by  the 
use  of  a  feedwater  heater  utilizing  waste 
heat  is  so  apparent  to  any  one  desiring  to 
minimize  the  cost  of  steam  generation,  that 
even  quite  small  plants  are  now  installing 
them  as  a  matter  of  necessity. 

The  steam,  after  being  generated  at  the 
boiler  and  performing  its  work  in  the  cylinder 
of  the  steam  engine,  in  place  of  being  ex- 
hausted into  the  atmosphere  and  its  heat 
wasted,  is  utilized  by  the  feedwater  heater 
in  heating  the  feedwater  to  a  high  tem- 
perature, 212°  Fahrenheit  being  the  highest 
temperature  attainable  by  the  use  of  exhaust 
steam  in  an  open  heater. 


Inasmuch  as  it  takes  about  5  pounds  of 
coal  per  horsepower  per  hour  in  the  ordinary 
small  non-condensing  plant  to  generate  this 
steam,  it  can  readily  be  seen  that  by  utilizing 
the  exhaust  steam  in  the  feedwater  heater  to 
heat  the  water  introduced  to  the  boiler,  in 
place  of  allowing  it  to  go  to  waste,  an  unques- 
tionable economy  is  obtained;  it  being  a  fact, 
in  strict  accordance  with  the  laws  of  nature, 
that  the  higher  the  temperature  of  the  feed- 
water  entering  a  boiler,  the  less  the  consump- 
tion of  coal.  The  saving  obtainable  varies 
from  15  per  cent,  to  25  per  cent,  according 
to  varying  conditions. 

Another  source  of  economy  that  the  feed- 
water  heater  should  be  given  credit  for  is 
that  due  to  the  purification  of  the  water 
incidental  to  the  heating.  This  especially 
applies  to  the  open  type  of  heater,  where,  by 
the  water  coming  in  direct  contact  with  the 
steam,  and  by  being  distributed  over  large 
surfaces  and  finally  allowed  to  settle  in  a 
large  sedimentation  reservoir,  it  rids  itself 
not  only  of  those  ingredients  in  the  water 
that  precipitate  at  a  temperature  of  212^, 
such  as  carbonate  of  lime,  but  also  to  a  large 
extent  of  the  matter  held  in  suspension  in  the 
water.  It  is  a  well-known  fact  that  these 
foreign  ingredients  deposit  on  the  inside  of 
the  boiler,  thus  obstructing  the  transfer  to 
the  water  of  the  heat  generated  in  the  fur- 
nace. It  is  readily  seen  that  more  fuel  is 
required  to  heat  water  through  scale  and 
steel  than  through  steel  alone,  scale  being  a 
non-conductor  of  heat  Actual  tests  have 
shown  that  a  scale  |V  of  an  inch  thick 
requires  15  per  cent  more  fuel,  and  that  as 
the  scale  accumulates  the  ratio  increases. 

In  addition  to  the  sources  of  economy 
mentioned,  there  is  also  a  great  saving  in 
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other  directions  due  to  the  use  of  &  feed  water 
heater,  such  as  the  redaction  of  the  unequal 
strains  due  to  expansion  and  contraction  of 
the  boiler  shell  caused  by  the  introduction 
of  cold  water;  the  prevention  of  overheating 
and  corrosion  of  the  steel  shell  due  to  the 
accumulation  of  scale;  the  tendency  to  pre- 
vent explosions;  and  the  reduction  of  stop-  . 
pages  and  delays  incidental  to  the  cleaning 
and  repairing  of  the  boilers. 

Both  the  open  and  closed  (or  tubular) 
types  of  heaters  have  their  advantages  and 
difiadvantages,  but  the  advantages  of  the 
open  heater  not  being  as  well  known  as 
those  of  the  closed  heater,  the  writer  will 
here  confine  himself  to  the  open  tyx>e. 

Years  of  daily  use  have  demonstrated  that 
the  open  type  of  heater  is  on  equal  footing 
with  the  dosed  type.  The  fact  that  it  is 
being  used  by  a  la^^  number  of  the  repre- 
sentative and  largest  steam  users  that  have 
had  years  of  experience  in  the  use  of  heaters, 
is  good  evidence  of  the  fact  that  it  possesses 
the  advantages  of  efficiency,  economy,  and 
durability  claimed  for  it  by  its  advocates.  A 
good  heater  should  not  only  possess  the 
advantages  just  given,  but  its  construction 
should  be  as  simple  and  efficient  as  possible. 
This  requirement  is  possessed  by  the  standard 
makes  of  open  heaters,  the  parts  being  few 
and  so  arranged  that  each  part  is  easily 
accessible  for  inspection  or  cleaning.  Vari- 
ous improvements  in  the  construction  have 
been  made  since  the  open  type  of  heater  was 
first  put  on  the  market;  these  improvements 
being  the  result  of  years  of  experience  of  the 
best  engineers  with  this  type. 

Some  of  the  main  points  of  superiority 
that  the  manufacturers  of  the  leading  makes 
of  open-type  heaters  claim  for  their  appli- 
ances are  given  below,  and  as  the  different 
makes  have  different  advantages,  mention 
will  only  be  made  of  those  points  that  are 
claimed  by  all.  The  claims  for  the  open 
heater  using  exhaust  steam  are: 

1.  Effective  heating  and  precipitating  sur- 
face. 

2.  The  feedwater  is  heated  to  a  temperature 
of  from  210°  to  212°  without  the  use  of  fuel. 

3.  Effective  devices  for  preventing  the  oil 
and  floating  impurities  from  entering  the 
boilers,  the  methods  in  some  cases  being' 
purely  mechanical,  and  thus  dispensing  with 
filtering  materials,  so  troublesome  in  cleaning 
and  so  expensive  in  maintenance. 

4.  Devices  insuring  an  even  and  thorough 
distribution  of  the  feedwater. 

5.  An  efficient  and  automatic  regulation  of 
the  feedwater  supply  to  the  pump. 


6.  A  very  large  steam  space,  allowing  a 
free  condensation  of  the  exhaust  steam,  the 
majority  of  which  can  be  returned  to  the 
boiler,  thus  reducing  the  amount  of  cold 
water  to  be  taken  from  the  water  supply. 
Where  water  must  be  paid  for  by  the  1,000 
gallons,  this  represents  a  saving  of  consider- 
able money. 

7.  Large  hot-water  reservoirs  and  settling 
chambers,  allowing  a  better  purification  of 
the  feedwater. 

8.  Methods  for  the  removing  of  oil  and 
other  fioating  impurities,  such  as  surface 
blow-offs,  etc. 

9.  Much  stress  is  also  laid  on  the  fact  that 
the  open  type  of  heater  is  so  easily  cleaned, 
all  makes  of  open  heaters  having  doors 
through  which  the  pans  can  be  cleaned  or 
removed.  Some  manufacturers  have  what 
are  known  as  *'revolvable  panp/'  and  this 
type  can  be  thoroughly  cleaned  without 
removing  the  pans  at  all. 

The  construction  of  a  modern  open  exhaust 
heater  is  shown  in  the  accompanying  figure. 
The  cold  water  is  admitted  to  the  heater 
through  a  balanced  valve  a.  It  then  passes 
through  the  inlet  pipe  in  the  center  of  the 
upper  head  to  a  spraying  device  6,  located 
immediately  above  the  pans.  In  passing 
through  this  spraying  device,  the  water  is 
distributed  evenly  in  a  very  fine  spray  to 
the  upper  pan  c.  From  the  inner  edge  of 
the  upper  pan  it  falls  vertically  to  the  pan 
below,  and  from  this  pan  over  the  outer  edge 
to  the  one  beneath,  and  so  on  through  this 
whole  series.  The  pans  being  arranged  so 
as  to  give  the  water  a  zigzag  travel  from  the 
one  to  the  other,  two  fine  cylindrical  sheets 
of  water  are  maintained,  one  each  on  the 
inner  and  outer  edges  of  the  pans. 

The  exhaust  steam  enters  at  d^  immedi- 
ately below  the  distributing  pans,  and  passes 
into  a  large  steam  space  e,  from  which  it 
rises  slowly,  coming  into  direct  contact  with 
the  fine  sheets  of  falling  water.  Some  of  the 
steam  is  condensed  by  coming  in  contact 
with  the  cool  water;  the  remainder  passes 
into  the  atmosphere  through  the  outlet  con- 
nection /  on  top  of  the  heater.  The  feed- 
water  being  spread  into  large  thin  sheets,  on 
meeting  the  exhaust  steam  readily  absorbs 
its  heat  until  the  highest  temperature 
attainable  (212°  Fahrenheit)  is  reached. 
The  purification  of  the  feedwater  also  takes 
place  at  this  point  in  the  heater,  the  water 
depositing  such  impurities  as  can  be  precipi- 
tated at  a  temperature  of  212°  Fahrenheit  in 
the  pans.  After  leaving  the  pans,  the  water 
falls  through  the  steam  space  to  the  water 
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r«eerToir  and  sedimentation  chunber  g  in 
the  lover  part  of  the  shell. 

The  volume  of  this  reservoir  is  neoally 
made  large  to  provide  a  quiet  place  for  the 
water,  thus  permitting  a  tree  and  undis- 
turbed aeltling  of  the  foreign  matter  held  iti 
mechanical  suspenaioQ  in  the  water  coming 
from  the  pans.  Some  users  insert  hay,  etc. 
in  this  reservoir  to  help  purify  the  water, 
but  this  is  deemed  unnecessary. 

The  water  level  is  maintained  in  this  reeer- 
voirb]' means  of  afloat  A,  which  operates  the 


balance  valve  a  of  the  cold-water  supply 
pipe  on  the  top  of  the  heater  through  two 
cranks  and  a  connecting-rod.  i^honld  the 
water  become  low,  the  float  falls  and  opene 
the  balance  valve,  thus  admitting  more 
water.  In  the  event  of  too  much  water,  the 
float  rises  and  shuts  off  the  valve.  An 
automatic  regulation  of  the  water  supply  is 
bf  this  means  maintained  at  all  times, 
requirii^  no  attention  from  the  man  in 
charge  beyond  a  casual  look  at  the  gauge 
glass  placed  at  the  water-level  on  the  ontBide 


of  the  beater.  As  previously  mentioned,  a 
liirther  purification  of  the  water  takes  place 
in  this  reservoir,  the  mud  and  heavier  impu- 
rities settling  to  the  bottom  of  the  shell, 
where  they  can  be  blown  off.  The  oil  and 
lighter  impurities  float  on  top  of  the  water, 
and  are  sometimes  taken  care  of  by  a  skim- 
ming apparatus  or  s(»ne  aimilar  device. 

A  number  of  different  devices  for  separa- 
ting the  oil  are  used,  and  as  most  engineers 
prefer  the  one  they  know  beat,  the  writer 
will  merely  mention  one  of  the  many  that 
seem  to  give  perfect  satisfaction.  It  is  in 
the  shape  of  a  small  cylinder  i  placed  on  the 
outside  of  the  shell,  connected  to  the  water 
reservoir  by  a  large  flanged  connection  at 
the  point  shown.  It  is  also  connected  on 
top  by  a  pipe  to  the  steam  space  of  the 
heater.  The  feed-pomp  takes  its  water 
supply  through  the  suction  pipe  it  attached 
to  the  upper  part  of  this  small  cylinder. 
The  object  of  connecting  the  top  of  the  sepa- 
rator i  with  the  steam  space  of  the  shell  is  to 
prevent  the  water  level  in  the  shell  from 
falling  to  any  extent  below  the  level  of  the 
pump  connection.  As  soon  as  it  falls  slightly 
below  this  level,  steam  from  the  et«am  space 
of  the  heater  will  flow  into  the  top  of  the 
separator  and  thence  into  the  suction  end  of 
the  pump,  thus  preventing  the  latter  from 
taking  any  more  water  from  the  heater.  It 
naturally  follows  from  this  construction  that 
the  oil  and  other  floating  impurities  can 
never  enter  the  sepaialor,  and  consequently 
cannot  be  pumped  into  the  boiler. 

The  objections  raised  to  the  open  type  of 
heat«r,  by  those  that  &vor  the  closed  type, 
are  as  folio wb: 

1.  Oil  is  carried  to  the  boiler. 

2.  The  pnmps  will  not  take  proper  care  of 
the  hot  water. 

In  regard  to  the  oil,  it  need  only  be  said 
that  the  methods  adopted  by  various  manu- 
bcturets  of  open-type  feedwater  heaters, 
after  long  years  of  daily  operation,  have 
proved  to  be  roost  efBcient. 

As  far  as  the  trouble  with  pumping  hot 
water  is  concerned,  any  standard  pump 
today  will  handle  it  without  trouble.  The 
only  care  to  be  taken  is  to  have  the  heater 
and  pumps  so  arranged  that  the  water  in  the 
heater  is  higher  than  the  pump,  so  as  to 
have  a  head  of  water  above  the  pump,  two 
to  four  feet  being  sufficient.  With  these 
conditions,  water  at  210°  can  be  pumped  as 
easily  as  water  at  32°. 

With  so  many  advantages  and  so  few 
objections,  it  is  no  wonder  that  the  open- 
type  heater  has  secured  so  msny  supportm. 


LATITUDE  BY  POLAtllS. 


IN  THE  October,  1899,  number  of  "Tbe 
Mechanic   Arte    Magazine,"  the  writer 
had  occasion  to  present  a  few  facte  con- 
nected witli  Polaris,  the  most  important  star 
of  the  northern  flrmunent.      Among  other 
things  pointed  oat  wm  that  by  the  aid  of 
Polaris  the  latitude  of  an  observer  could  be 
detenniaed  at  any  time  of  the  night  by  an 
inconsiderable    amount    of    fignring.     How 
thie  is  accompUehed  we 
will  endeavor  toexplain 
in  the  following,   neing 
tai^uage   as  simple  as 
possible,  at  the  same 
time  aBsnming  that  the 
reader  poseeesee  some 
knowledge  of  the  mdi- 
mentarj    principles    of 
astronom]'. 

To  commence   with, 
the  reader  is  referred  to 
the  lower  figure  of  the 
accompanying  diagram, 
where  the  center  of  the 
circle   repreeente  the 
celestial  pote,  and  the 
dotted  circle  tbe  appar- 
ent orbit  of  tbe  pole  star. 
Now,  when  the  star  is 
at  E  or  £'— at  its  great- 
est weeterii  or  eastern 
elongation— it  is  evident 
that  its  true  altitude  is 
equal  to  the  altitude  of 
the  pole  or  equal  to  the 
latitude  of  the  obserrer. 
To  understand  this  it 
will  be  well  to  remem- 
ber   that    the   celestial 
pole,  being  i)0°  from  the 
equator,  will  apfteor  to 
an  observer  stationed  at 
that  great  circle  to  be 
on  the  horiion,  and  to 
rise  in  direct  proportion 
aa  the  observer  advances  toward  the  north. 
At  the  equator  the  latitude  is  0°,  and  the 
pole  itar  brang  on  tbe  horizon,  its  altitude 
is   also  0°.     If  the  observer  advanced  to 
20°  north  latitude,  he  would  see  the  pole 
star  at  an  altitude  of  20°  above  his  hori- 
2on,  and  so  on  at  all  latitudes,  until  tO" 
latitude  was  reached,  when  the  star  would  be 
directly  over  his  head,  or  itO"  from  his  hori- 


zon.   Hence,  the  true  altitude  of  the  pole 
star,  when  situated  at  either  of  the  por- 
tions E  or    E'l  would   give   at   once    the 
latitude  of  theobeerver.    Should  the  altitude 
of  the  star  be  measured  when  at  its  upper 
culmination  ( U.  C. ),  the  latitude  would  be 
obtained    by    subtracting    from    the    true 
altitude  the  polar  diatance  of  the  star,  which 
at  present  isequal  to  74',nearly:  if  measured 
when  at  its  lower  cul- 
mination {L.  C),  the 
polar  distance  added  to 
the  true  altitude  would 
be  equal  to  the  latitude 
of  the  observer. 

Now,  since  the  pole 
star  performs  its  appar- 
ent daily  circuit  around 
the  celestial  pole  in  24 
hours,  it  follows  that  on 
interval  of  6  boure  is 
required  to  pass  from 
one  of  the  positions 
indicated  in  the  dioKram 
to  the  nest.  Conse- 
quently, at  any  inter- 
mediate position,  a  cer- 
tain fraction  of  the  polar 
distance  will  have  to  be 
added  or  subtracted 
from  tbe  true  altitude, 
the  amount  of  which 
depends  on  the  value 
of  the  angle  at  the  pole, 
subtended  by  a  line 
connecting  the  pole 
with  the  star  and  the 
meridian  mn;  this  angle 
is  known  aa  the  hour 
angU  of  Polaris.  A  table 
prepared  at  the  Nationa} 
Observatory  and  repro- 
duced on  tbe  next  page, 
gives  the  amount  of  cor- 
rection corresponding  to 
different  values  of  the  hour  angle  that  is 
to  be  applied  to  tbe  true  altitude  according 
to  its  sign. 

Therefore,  all  an  observer  has  to  do  to 
determine  the  latitude  by  Polaria  at  any  time 
of  the  night  is  to  find  its  hour  angle  at  the 
moment  of  meoBoring  the  altitude;  and 
in  order  to  do  so,  he  must  know  tbe  local 
sidereal  time.     Irving  a  chronometer   or 
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other  watch  reKiBtering,  for  inetance,  local 
mean  tune,  the  sidereal  tune  and  then  the 
hour  angle  is  easily  arrived  at.  The  entire 
procedure  may  he  embodied  in  the  following 
rules: 

1.  Measure  the  altitude  and  note  the  tune 
indicated  by  the  timepiece. 

2.  Reduce  the  observed  altitude  to  true 
altitude. 

3.  Reduce  the  recorded  time  of  observa- 
tion to  local  sidereal  time. 

Table 


according  to  its  sign.  The  result  is- the  lati- 
tude of  the  place  to  a  close  approximation. 
The  process  of  reducing  the  observed 
altitude  to  true  altitude  is  different,  and 
depends  on  what  instrument  is  employed 
for  measuring  the  altitude.  In  case  a  transit 
is  used,  a  correction  for  refraction  and 
possibly  error  of  the  instnunent  will  give 
the  true  altitude;  if  a  sextant  is  used  in 
connection  with  the  sea  horizon,  the  true 
altitude  is  found  by  applying  a  correction 
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4.  If  the  sidereal  time  is  less  than  1*  20", 
subtract  it  from  1*  20~;  if  it  is  between 
1*  20~  and  13*  20"»,  subtract  1*  20*"  from 
it;  if  it  is  greater  than  13*  20"',  subtract  it 
from  25*  20*".  The  remainder  in  each  case 
is  the  hour  angle  of  Polaris. 

5.  With  this  hour  angle,  take  from  the 
table  the  portion  of  the  polar  distance 
referred  to,  and  apply  it  to  the  true  altitude 


for  instrumental  error,  for  dip  of  the  horizon, 
and  for  refraction;  if  a  sextant  is  used  in 
connection  with  an  artificial  horizon,  the 
instrumental  error  is  first  appl led .  The  result 
divided  by  2  and  corrected  for  refraction  is 
then  the  true  altitude  of  the  star.  The 
reduction  of  the  recorded  time  of  observa- 
tion is  shown  in  the  example  given.  Its 
execution,  however,  requires  a  knowledge  of 
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the  ordinary  units  of  time  employed  in 
astronomy.  Should  the  timepiece  used  by 
the  observer  happen  to  be  regulated  to  show 
local  sidereal  time,  the  process  of  finding  the 
hour  angle  would  be  greatly  simplified;  as 
it  is,  clocks  and  watches  in  orcUnary  use 
indicate  local  mean  time. 

Example.— On  September  30,  1900,  at 
10*  30*  0*  p.  M.,  local  mean  time,  in  longi- 
tude 30^  east  of  Greenwich,  the  altitude  of 
Polaris,  as  observed  by  a  transit,  was  43°  19"^ 
40^^,  instrumental  error  =  -}-  i^  2^'\  refrac- 
tion =  1^.  Required,  the  latitude  of  the 
observer. 

Solution. — 
Local  mean  time  =  10*  30"*    0* 

Reductions  from  Table  III 

N.  A.   for  10*  30" =       -f  1*"  43.5* 

Greenwich  sidereal  time  at 

mean  noon,  Sept.  30  =  12*  35"  6.4- 
Reduction  firom  Table  III 

N.    A.    for    longitude 

( =  2*  east  or  minus) =  —  19.7* 

Algebraic  sum  ( =  local  side- 
real time)  =  23*     6"  30* 

25*  23"    0- 
Subtract  L.  S.  T.  according 
to  rule  4  -  23*     6"  30- 

Remainder  =  hour   angle 
of  Polaris  =    2*  16"  30* 

Observed  altitude  =43**    19^  40^' 

Instrumental  error  =       +1^  20^^^ 

~43°  ^r 
Correction  for  refraction.       =        —V 

True  altitude  =43°    20^ 

Correction  from  preceding 
table  -1°     0.7^ 

Latitude  =-  42°    19.3^ 

Ans. 

The  chief  difficulty  in  using  the  pole  star 
to  determine  latitude,  the  reader  will  find, 
is  to  measure  its  altitude  by  means  of  a 
sextant  in  connection  with  the  sea  horizon, 


the  star  being  very  small  and  the  northern 
part  of  the  horizon  not  well  defined.  How- 
ever, after  some  practice  an  observer  is 
usually  able  to  obtain  quite  satisfactory 
results. 

As  to  the  determination  of  the  true  me- 
ridian by  the  pole  star,  the  reader  is  referred 
to  the  upper  figure  of  the  diagram.  When 
Alioth  a,  the  third  star  of  the  handle  in 
the  constellation  Great  Bear,  is  perpendicu- 
larly above  or  below  the  pole  star,  the  latter, 
as  well  as  Alioth  itself,  indicates  the  direc- 
tion of  the  true  meridian.  When  Alioth 
and  the  pole  star  are  both  on  the  same 
horizontal  line,  the  polar  distance  of  Polaris 
laid  off  to  the  right  or  left,  according  to  its 
being  east  or  west  of  the  celestial  pole,  will 
give  the  direction  of  the  true  meridian. 

To  determine  the  true  meridian,  for 
instance,  by  means  of  a  transit,  the  time 
of  the  star's  upper  or  lower  culmination 
is  noted  from  tables  prepared  for  this  pur- 
pose, and  a  suitable  place  selected  for  the 
instrument.  Then,  a  few  minutes  before 
the  indicated  time  of  transition,  the  observer 
directs  the  telescope  toward  the  star  and 
follows  it  closely  by  moving  the  cross-hairs 
with  the  tangent  screw.  When  the  pole 
star  is  exactly  in  line  with  Alioth,  it  is 
evident  that  Uie  line  of  sight  will  be  in  the 
true  meridian. 

As  an  interesting  item  connected  with  the 
pole  star,  it  may  be  mentioned  that  quite 
{gently  Prof.  W.  W.  CampbeU,  of  the  Lick 
Observatory,  discovered  that  Polaris  in  real- 
ity is  a  triple  star,  or  a  system  composed  of 
two  bodies  that  revolve  around  each  other 
in  a  period  of  four  days  and  at  the  same 
time  move  in  a  much  wider  sweep  around 
the  third  body,  just  as  the  moon  and  the 
earth  revolves  around  the  sun.  These  sepa- 
rate bodies  that  compose  the  system  cannot 
be  seen  with  the  telescope,  nor  is  it  likely 
that  they  will  ever  be  seen  by  any  instru- 
ment Their  existence,  however,  is  deter- 
mined by  the  spectroscope. 
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PAYTA,  which  is  situated  in  Peru,  about 
five  degrees  south  of  the  equator,  is  said 
to  be  the  driest  place  on  earth — the 
average  interval  between  two  showers  being 
seven  years;  the  latest  reported  shower  lasted 
from  10  p.  M.  till  noon  next  day.  Most  of  the 
flora  are  annuals,  the  seeds  of  which  remain 


dormant  in  the  earth  for  seven  years,  until 
a  shower  comes  to  cause  them  to  germinate. 
The  natives  maintain  themselves  by  the  cul- 
tivation of  the  long-rooted  Peruvian  cotton, 
which  lives  in  the  river  beds  for  seven  years 
without  rain.  The  coast  upon  which  Payta 
stands  has  risen  40  feet  in  historic  times. 
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THE   MODKRN   StBRET-RaII.WA' 


MoTOB— PoiKre  II 
Motor. 


THE  trolley  car  has  become  mch  a  com- 
mon factor  in  every-day  life  that  few 
of  na  ever  etop  to  think  that  not  more 
than  t«n  or  twelve  years  ago  euch  care  were 
largely  on  experiment,  and  many  at  that 
time    predicted    that    they    would    never 


Fra.  1. 

become  a  aucceaa.  There  was  conaiderable 
ground  for  sacb  a  prediction  at  that  time, 
becauee  the  few  care  that  bad  been  tried 
were  frequently  laid  up,  due  to  breakdowna 
of  the  motors.  Previoua  to  this,  electric 
motors  had  been  used  quite  extensively 
for  stationary  work,  and  bad  given  general 
aatiafaction.  It  was  therefore  natural  that 
tbe  firat  motora  used  in  connection  with 
street  cara  should  be  made  in  very  much 
the  same  way  as  those  used  for  other  work, 
only  Buch  modificationa  being  made  aa  were 
necesaary  to  allow  of  the  motor  being  placed 
under  the  car  Hoor  and  geared  to  the  wiieela. 
Such  motors  were  continually  giving  trouble, 
and  electrical  engineers  aoon  found  out  that 
a  motor,  to  work  succeaafulty  under  the  floor 
of  a  street  car,  must  be  considerably  differ- 
ent in  design  to  the  one  uaed  fur  stationary 
work.  A  great  deal  of  attention  waa  given 
to  perfecting  the  design  of  these  motors,  and 
from  that  day  to  this  there  has  been  steady 
progreea  aloti^  this  line.  Very  few  pieces 
of  electrical  machinery,  or,  in  fact,  any  kind 
of  machinery,  have  bad  the  time  and  money 
epent  on  their  improvement  that  the  street- 
railway  motor  has,  and  the  result  is  that 
today  we  have  a  piece  of  machinery  of 
highly  apecialined  design,  which,  consider- 
ing the  work  it  is  called  upon  to  do,  per- 


forms remarkably  well  and  gives  very  little 
trouble. 

No  other  piece  of  electrical  machinery  is 
called  npon  to  do  such  bard  work  or  is  sub- 
jected to  such  rongh  usage  as  the  street- 
railway  motor.    It  is  liable  to  be  struck  by 
atones  lying  on  the  tiack;  it 
mast  be  able  to  ran  throu^ 
mud  and  wat«r;  and,  on 
top  of  all  this,   it  is  fre- 
quently forced  to  do  several 
times  the  amount  of  work 
it  was  designed  to  do.   The 
fact  that  today  there  are  so 
many  of  these  motors  in 
operation  all  over  tbe  coun- 
try, and  that  the  percent- 
age of  breakdowns  is  so 
small,  ahowa  the  degree  of 
perfection  to  which  they 
have  been  brought. 
The  requiremeote  to  be  met  in  tbe  design 
of  these  motors  are  for  more  limiting  in  their 
nature  than  those  met  with  in  the  design  of 
stationary  motors.    In  the  first  place,  the 
dimensions  of  the  motor  are  limited  by  tbe 
fact  that  it  must  be  placed  wholly  under  the 
floor  of  the  car;    its  dimensions  are  also 
limited  by  the  gauge  of  the  track  and  by  the 
diameter  of  the  car  wheels.    Tbe  motor  most 
be  practically  dust-  and  water-tight,  and  it 
must  be  very  strong  mechanically,  to  with- 
stand the  shocks  it  is  aubjected  to;  it  must 


be  of  such  form  that  it  may  be  easily  sus- 
pended from  and  geared  to  the  axle.  In 
addition  to  these  requirements,  the  motor 
should  be  light  and  have  a  fairly  high 
electrical  efficiency,  though  this  latter  re- 
quirement is   generally  sacrificed  to  some 
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extent  to  secure  lightnees  and  low  speed. 
The  esaential  electrical  parts  of  a  Btreet- 
railway  motor  are  the  tame  as  those  of  any 
contJnaous-cuTTent  dynamo  or  motor.  The 
dee^  of  theee  parts  is,  of  course,  adapted  to 
the  special  conditions  to  be  met,  bat  we 
always  have  the  essential  feataree,  namely, 
the  fleld-magnet  frame  with  its  windings, 
and  the  armature  with  its  commutator, 
together  with  the  necessary  brushee  and 
brush  holders.  All  theee  motors  are  series- 
wound;  t.  e.,  the  winding  on  the  fleld  is 
connected  in  series  with  tbe  winding  on  the 
ormatare,  eo  that  all  tbe  current  that  flows 
through  the  armature  flows  also  through  the 
fleld.  This  calls  for  a  field  coil  consisting  of 
a  compamtively  small  number  of  turns  of 
heavy  wire,  thus  ipving  a  coil  that  is  sub- 
standal  and  easily  wonnd.  To  keep  moisture 
ttom  working  into  these  coils  they  are  beavUy 
taped,  and  insulated  with  varnish  and  japan. 
Tbe  fleld  frame  is,  in  modem  motors,  made 


able  V 


not  as  strong  as  that  obtained  in 
rue  more  modern  machines.  The  smooth- 
core  winding  also  necessitated  a  compara- 
tively long  air  gap,  and  this  also  kept  down 
the  strength  of  tbe  fleld.    For  these  reasons 


of  cast  steel,  and  is  of  such  form  as  to  com- 
pletely enclose  tbe  armature  and  field  wind- 
ings. The  armature  itself  is,  in  nearly 
every  case,  of  the  drum  type,  provided  with 
ooile  sank  in  slots  on  tbe  circumference. 
Although  tbe  construction  need  at  present 
is  briefly  as  outlined,  this  was  adopted  only 
as  the  reenlt  of  long  and  gradual  develop- 
ment. It  will  he  instructive,  therefore,  to 
take  np  briefly  some  of  the  more  important 
motors,  indicating  the  development  of  the 
present  form  from  the  earlier  types. 

All  the  motors  used  eight  or  ten  years 
ago  were  provided  with  ring  or  drum  arma- 
tures having  the  wire  wonnd  on  the  surface 
of  a  smooth  core.  Coat  steel  bad  not  then 
cwne  into  use  for  magnet  frames,  because 
the  art  of  making  steel  castings  was  not,  at 
that  time,  far  enough  advanced  to  insure 
castings  sound  enough  for  this  kind  of  work. 
Tbe  fields  were  made  loi^y  of  cast  iron, 
and  consequently  tbe  magnetic  fleld  obtaiu- 


the  armature  of  sucb  motors  hod  to  be  mn 
at  a  high  speed,  in  order  to  generate  the 
required  connter-electromotive  force,  and 
this  speed  was  so  high  that  the  armature 
could  not  be  geared  directly  to  the  cat  axle. 
Tbe  necessary  speed  reduction  was  accom- 
plished by  means  of  au  intermediate  shaft. 
This  shaft  carried  a  large  gear  on  one  end, 
which  engaged  with  the  armature  pinion, 
and  on  the  other  end  carried  a  pinion  that 
engaged  with  the  axle  gear.  On  acconnt 
of  this  double  reduction  in  speed,  such 
motors  were  commonly  called  dottbU-reduo- 
tion  motors.  Fig.  1  shows  the  Sprague 
No.  6  donble-rednction  motor.     This  was 


one  of  the  most  sncceesfnl  of  the  earlier 
forms,  and  did  some  remarkabtygood  work;  it 
was,  in  fact,  tbe  flrst  really  successful  street- 
car motor.  This  motor  was  provided  with  a 
smooth-core  armature,  wound  with  form- 
wound  coils.    The  gear  of  tbe  intermediate 
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■baft  is  Bbown  M  A,  the  pioioD  on  the 
other  end  being  hidden.  The  axle  paOBee 
through  bearings  in  the  back  end  of  the  field 
frame,  and  the  front  end  is  sopportad  bj  the 
nose  casting  B  reeling  on  springs  supported 


by  the  track .  This  is  the  style  of  suspension 
in  common  use  at  present.  It  will  be  seen 
from  the  figure  that  the  field  coils,  arma- 
ture, and  many  other  parts  of  this  motor 
were  considerabl]'  exposed.  The  gears  also 
were  exposed,  and  dast  and  dirt  pit  into 
them,  causing  exceeeive  wear.  The  double- 
reduction  gearing  was  a  great  disadvantage, 
not  only  on  account  of  the  expense  of 
renewals,  but  also  on  account  of  the  large 
amount  of  noise  made.  Engineers,  there- 
fore, devoted  their  attention  to  bringing  out 
a  motor  that  would  be  more  completely 
enclosed,  and  that  would  run  at  a  speed  lew 
enough  to  penult  connection  to  the  axle  by 
one  pair  of  gears. 

The  motors  shown  in  Figs.  2,  3,  and  4 
are  some  of  the  first  single-redaction  motors. 
That  shown  in  Figs.  2  and  3  was  brought  out 
seven  or  eight  years  ago  by  The  Thomson- 
HouatoD  Company,  and  was  known  as  the 
W.  P.  ( waterproof)  type.  This  motor  wss 
a  great  improvement  over  the  old  double- 
reduction  style,  and  large  numbers  of  them 
were  used;  in  fact,  a  great  many  of  them 
are  in  use  today.  A  section  of  t^is  motor, 
shown  in  Fig.  3,  will  give  a  fair  idea  of  the 
arrangement  of  the  parts.  The  armature  □ 
was  of  large  diameter,  in  order  to  secure  low 
speed.  Cast  steel  was  coming  into  use  about 
the  time  this  motor  was  brought  out,  and 
the  use  of  this  enabled  stronger  fields  to  be 
obtained,  and  thus  aided  in  cntting  down 
the  speed.  The  field  was  of  very  peculiar 
shape,  and  was  designed  to  enclose  the  arma- 


ture and  field  coils  as  completely  as  poenble. 
It  was  of  the  two-pole  type,  but  was  provided 
with  only  one  field  coil  b  placed  in  the  npper 
part.  The  lower  pole  piece  was  simply  a 
slight  projection  c  on  the  lower  casting.  The 
gear  and  pinion  were  completely  enclosed  in 
a  dnst-proof  case,  which  wss  kept  partly  full 
of  soft  grease.  The  armature  of  tiiis  motor 
was  slotted,  and  this  helped  materially  in 
obtaining  a  low  speed.  The  axle  d  passed 
through  the  back  of  the  motor,  and  the 
tiorA  wu  supported  by  a  cross-bar  resting  on 
the  side  baza  of  the  truck.  The  two  halves 
of  the  field  wa«  hinged  at  the  back,  so  that, 
by  taking  out  the  bolts,  one  half  could  be 
thrown  back  to  give  access  to  the  armature. 

Fig.  4  shows  a  Weetinghonse  No.  3  motor, 
brought  out  in  1891;  it  was  the  first 
Weetinghonse  single-reduction  motor.  This 
machine  is  of  interest  because  it  embodies 
many  of  the  points  still  retained  In  the  most 
recent  motors.  This  motor  is  of  the  four- 
pole  type,  and  is  shown  in  the  figure  with 
the  top  half  of  the  field  thrown  back.  Two 
of  the  pole  pieces  p,  p  and  the  field  Cdils  c,  e 
ore  shown.  A  cast-iron  yoke  surrounds  the 
motor,  and  carries  the  axle  bearings  at  the 
back.  The  gear-case  d  protects  the  gears 
from  dust  and  dut.  This  motor  was  made 
of  cost  iron,  and  was,  consequently,  rather 
heavy  for  its  output,  but  it  was  a  decided 
improvement  on  the  previous  types  as 
re^rds  being  dust-  and  water-proof. 

A  still  more  recent  type  is  that  shown  in 
Figs.  5  and  6.  This  motor  was  brought  out 
by  The  General  Electric  Company,  as  a 
successor  to  the  W.  P.  motor  previously 
described.  It  is  known  as  the  G.  E.  600, 
and  has  a  capacity  of  25  horsepower;  it  is 
also  designed   to  give  a  drawbar  pnll  of 


BOO  pounds  when  mounted  on  33-inch  wheels 
and  taking  its  normal  full-load  current- 
When  closed,  the  motor  has  the  shape  of  a 
rectangular  box,  and  the  two  halves  of  the 
field  completely  enclose  the  working  parts. 
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■o  that  there  ia  very  little  chance  for  dost  or 
water  to  work  in.  A  tightly  clowng  lid  on 
top  allows  access  to  the  commntator  and 
bnuh  holders.  This  motor  is  of  the  four- 
pole  type,  hut  has  only  two  ^eld  coils,  one 


of  which  is  shown  at  A,  Fig.  6,  while  the 
other  lies  in  the  bottom  of  the  lower  half  of 
the  field.  One  pole  piece  is  shown  at  C,  and 
the  pole  pieces  at  the  side  are  slight  pro- 
jections on  the  costing.  The  armature  is 
of  the  toothed-dmm  type,  and,  like  that  of 
the  Westinghonse  motor  shown  in  Fig.  4,  it 
is  provided  with  a  two-circait  winding,  bo 
that  only  two  brushes  are  required.  This 
brings  the  two  brush  holderec,coutopofthe 
commutator,  where  they  are  easily  reached. 
This  motor  is  extensively  used,  but  haa  been 
replaced  by  a  later  type  having  four  poles  and 
four  field  coils.  Cast  steel  is  used  throughout 
in  the  construction  of  these  motors. 

The  Westinghoose  12-A  type  b  shown  in 
Ftge.  7  and  8.    This  may  be  taken  as  a  fair 
example  of  the  modem  street-railway  motor, 
and  if  the  reader  will  com- 
pare it  with  Fig.  1  he  will 
get  some    idea   of  the 
changes  that  have  gradu- 
ally taken  place.    From  a 
comparatively  open  con- 
struction the  movement  has 
been  steadily  toward  the 
closed-in    four- pole    type. 
Single-reduction  gearing  is 
used  almost  exclusively, 
and  steel  is  used  for  the 
field  frame.    Fig.  9  shows  the  armature  of 
this  motor.    It  is  of  the  toothed  type,  pro- 
Arided  with  form-wound  coils  arranged  at 
the  ends  so  as  to  secure  good  ventilation. 
I^e  commutator  is  large   and  has  ample 
wearing  surface.     Much  attention  has  also 


been  paid  to  the  design  of  the  bearings, 
which,  it  will  he  noticed,  do  not  prqject 
inside  the  case;  the  shield  rings  t,t  on 
the  armature  are  an  additional  saf^nard  to 
prevent  grease  from  working  into  the  motor. 
Each  hesj-ing  is  provided  with  large  grease 
cups,  the  lids  of  which  are  held  closed  by 
springs.  These  motors  are  remarkably  light 
for  their  output,  and  they  will  stand  severe 
overloads  for  short  intervals  without  spark- 
ing or  overheating.  Later  motors  have  been 
brought  out,  but  ^eir  general  design  ie  very 
little  different  from  that  shown.  laminated 
pole  pieces  are  used  in  recent  machines,  thus 
reducing  the  beating  and  improving  the 
commutation,  with  the  result  that  such 
motors  operate  sparklessly  under  ^t  loads. 

The  question  may  have  arisen  in  the  mind 
of  the  reader  as  to  why  motors  have  not 
been  built  to  drive  the  axle  directly,  without 
the  intervention  of  gearing.  Such  motors 
have  been  tried,  but  have  never  proved  a 
success,  except  perhaps  in  some  electric  loco- 
motives where  the  motors  are  of  unusually 
large  size.  It  has  not  proved  practicable  to 
build  motors  of  the  ordinary  BiEe,  say  25  or 
50  horsepower,  that  would  run  slow  enough 
to  have  their  armatures  mounted  directly  on 
the  axle,  and  at  the  same  time  be  efficient 
and  light  Such  motors  as  were  tried  were 
very  heavy,  and  the  dead  weight  on  the 
axle  soon  pounded  out  the  rail  joints. 
Machine-cut  steel  gears  running  at  slow 
speed  give  very  little  trouble,  and,  if  properly 
cared  for,  run  qaietly  and  consume  but  a 
small  amount  of  power,  so  that  the  single- 
reduction  motor  has  so  (ar  had  nothing  to 
felr  fh>m  any  of  the  direct-connected  motors 
brought  out;  in  fhct,  there  leems,  at  the 
present  time,  to  be  no  very  great  effort  made 
to  apply  direct-connected  motors  to  cars. 


The  foregoing  outline  shows  that  the 
street-railway  motor  as  now  built  has  been 
a  gradual  development  from  the  older  types. 
As  soon  as  the  weak  points  were  noticed, 
they  were  remedied  in  the  next  motor,  and 
the  result  is  that  today  we  have  motors  that 
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leave  little  to  be  desired.  The  general  dedgn 
of  each  motors  has  been  changed  compara- 
tively little  in  the  past  two  or  three  years,  a 
fact  that  goes  to  show  that  they  are,  in  their 
present  form,  satisfactory  machines.  No 
doubt  motors  will  continue  to  be  built  in 
larger  and  heavier  sizes,  but,  like  the  case 
of  the  locomotive,  the  point  seems  to  have 
been  reached  where  any  further  changes  will 
be  more  in  the  size  of  ^e  motor  than  in  any 


radical  change  in  the  design.  It  may  be,  too, 
that  in  the  course  of  a  few  years  we  will 
find  the  continuous-current  motor  largely 
replaced  by  alternating-current  motors,  but 
it  is  safe  to  say  that,  should  such  motors  be 
put  into  use,  their  general  design  will  follow 
quite  closely  that  which  has  been  gradually 
developed  for  the  direct-current  motor,  and 
which  has  been  made  to  perform  such  ex- 
cellent work. 
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Valuable  Propektiks  op  Steam — CJombustion — Sensible  and  Latent  Heat — ^Total  Heat. 
Specific  Heat — ^Work — ^Powbr — ^The  Mechanical  Equivalent  of  Heat. 


IN  THE  article  of  our  last  issue  we  learned 
that  steam  is  invisible,  and  that  it  is  elastic 
Now,  if  we  are  of  an  inquiring  turn  of 
mind,  the  following  question  will  naturally 
arise: 

Of  what  i8  tUam  composed  f 

We  have  already  stated  that  steam  is  gen- 
erated from  toater;  so  that  water  and  steam 
are  one  and  the  game  thing,  but  in  different 
states.  There  is  one  other  state  in  which 
water  may  exist — ^that  of  ice.  These  three 
states  are  known  as  the  solid,  liquid,  and 
gaseous  states  of  water.  In  aU  states,  water 
is  composed  of  two  gases,  or  elements, 
oxygen  and  hydrogen,  in  the  proportion  of 
8  parts  of  oxygen  to  1  part  of  hydrogen,  by 
weight;  or  by  volume  of  1  part  of  oxygen  to 
2  parts  of  hydrogen. 

What  are  the  properties  that  make  steam  so 
vatuMe  toust 

The  principal  ones  are  the  following: 

Its  great  expansive  power. 

It  is  ea^y  condensed. 

The  small  space  it  occupies  when  condensed. 

A  cubic  inch  of  water  turned  into  steam 
at  the  pressure  of  the  atmosphere,  i.  e., 
14.69  pounds  absolute,  will  expand  into 
1,646  cubic  inches  (roughly  speaking,  we  say 
that  a  cubic  inch  of  water  expands  into  a 
cubic  foot  of  steam — 1,728  cubic  inches — at 
the  pressure  of  the  atmosphere).  But  the 
same  water  would  expand  only  to  841.3  cubic 
inches  if  subjected  to  a  pressure  of  30  pounds 
absolute;  so  the  volume  varies  with  the  pres- 
sure. The  term  volume  as  here  used  means 
the  space  a  given  quantity  of  water  will 
occupy  when  turned  into  steam. 

The  expansive  power  of  steam  is  taken 


advantage  of,  in  the  steam  engine,  by  cutting 
off  the  supply  at  a  certain  portion  of  each 
stroke,  and  allowing  the  balance  of  the 
stroke  to  be  performed  by  the  imprisoned 
steam  in  the  cylinder.  It  is  obvious  that  no 
good  would  result  should  we  admit  steam 
during  the  whole  stroke,  when  the  same 
amount  of  work  could  be  done  by  cutting  off 
at  half  stroke,  and  using  the  expansive  force 
in  the  steam  for  the  other  half.  We  do  not 
mean  by  the  foregoing  that  steam  cut  off  at 
half  stroke  in  a  cylinder  can  perform  the 
same  amount  of  work  as  when  the  steam  is 
carried  full  stroke;  but  we  do  mean  that  it 
would  be  of  no  use  to  admit  steam  full  stroke, 
when  the  work  the  engine  has  to  do  can  be 
obtained  by  cutting  off  at  half  stroke. 
Engines  are  so  constructed  that  the  steam  is 
cut  off  at  a  point  to  suit  the  load,  no  more 
being  consumed  than  actually  required  to  do 
the  work,  and  thus  the  expansive  property 
of  steam  is  utilized. 

It  is  easily  condensed.  What  is  meant  by 
steam  being  easily  condensed?  How  is  it 
condensed?  What  do  we  condense  it  for? 
These  are  questions  we  should  ask  ourselves 
and  seek  the  answers  to.  Well,  let  us  look 
into  them. 

Steam  having  a  temperature  corresponding 
to  that  of  the  water  from  which  it  is  formed, 
and  a  pressure  corresponding  to  its  tempera- 
ture, is  known  as  saturated  steam,  and  is  just 
at  the  point  of  condensation  and  superheat- 
ing. That  is,  the  slightest  amount  of  heat 
abstracted  causes  some  of  the  steam  to  con- 
dense into  water;  and  the  slightest  amount 
of  heat  added  changes  the  steam  frtnn  the 
saturated  state  to   the   superheated   state. 
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Now,  as  soon  as  the  steam  leaves  the  boiler 
heat  is  lost  by  radiation  from  the  pipes  con- 
veying it  to  its  destination,  and  the  fiBurther 
away  the  steam  is  carried,  the  greater  the 
radiation  of  heat;  hence,  more  steam  is  con- 
densed, and  consequently  the  pressure  is 
lowered.  Now,  as  the  mere  radiation  of 
heat  causes  an  appreciable  condensation,  it 
is  reasonable  to  infer  that  if  rapid  means  of 
abstracting  the  heat  are  provided,  condensa- 
tion will  be  equally  rapid ;  and  if  these  means 
are  easily  obtained,  will  be  easily  performed. 
After  the  steam  has  done  its  work  in  the 
engine,  it  is  condensed  by  being  brought  in 
direct  contact  with  cold  water,  or  surfieuses 
cooled  by  water  passing  over  them;  water 
being  the  cheapest  and  most  easUy  obtained 
medium  by  which  to  abstract  the  heat 

The  small  space  it  occupies  when  condensed. 
The  converse  of  the  explanation  of  the  expan- 
sive power  of  steam  is  applicable  here.  As 
water,  when  turned  into  steam,  expands  and 
occupies  a  much  greater  space  than  that 
originally  occupied,  so  will  the  steam  when 
condensed  shrink  back  to  the  volume  occu- 
pied before  it  was  turned  into  steam. 

Why  do  you  condense  the  steam  f 

We  know  that  a  perfect  vacuum  is  an 
empty  space — a  space  void  of  all  pressure. 
When  the  steam  is  condensed  a  partial 
vacuum  is  formed,  as  the  pressure  is  de- 
creased, and  80  the  back  pressure,  which 
would  otherwise  be  against  the  piston  in  an 
engine,  is  destroyed;  thus  we  get  more  use- 
ful work  from  the  steam. 

While  steam  is  very  valuable  to  us  because 
of  the  reasons  cited  above,  it  is  not  the 
source  of  power  in  the  steam  engine.  The 
heat  that  is  stored  in  the  fuel  that  is  con- 
sumed is  the  real  source  of  all  power  in  the 
engine;  the  steam  is  only  an  agent  that 
possesses  valuable  and  convenient  properties 
for  applying  the  energy  of  the  heat  to  the 
engine. 

How  is  the  heat  liberated  from  the  fuel  in 
which  it  was  originally  stored  t 

Simply  by  burning  it.  Coal  is  composed 
chiefly  of  the  following  elements:  Carbon, 
hydrogen,  nitrogen,  oxygen,  and  sulphur. 
When  these  elements  combine  chemically 
with  a  certain  quantity  of  oxygen,  combustion 
takes  place,  accompanied  by  light  and  heat. 
The  products  of  perfect  combustion  are 
water,  nitrogen,  and  carbonic  acid,  and  to 
assure  these  products,  a  high  temperature  and 
a  sufficient  supply  of  oxygen  are  necessary. 
It  has  been  stated  by  those  that  have  made  a 
special  study  of  the  subject,  that  in  actual  prac- 
tice it  requires  about  300  cubic  feet  of  air  for 


the  combustion  of  1  pound  of  coal.  Air  is 
composed  of  two  gases,  nitrogen  and  oxygen, 
mixed  mechanically,  in  the  proportion  of  79 
parts  of  nitrogen  to  21  parts  of  oxygen,  by 
volume.  The  oxygen  of  the  air  combines 
with  the  carbon  and  the  hydrogen  of  the 
coal,  and  the  heat  liberated  in  the  process 
turns  the  water  in  the  boiler  into  steam. 

How  many  forms  of  heaJt  are  there  t 

Heat  has  been  defined  as  a  mode  of  motion. 
It  has  also  been  stated  that  the  source  of  all 
power  in  the  steam  engine  is  the  heat  stored 
in  the  coal.  Now,  there  are  two  forms  of 
heat,  namely,  sensible  heat  and  laleni  heat. 
We  will  try  to  explain  just  what  the  terms 
mean. 

Sensible  heat  is  that  heat  which  affects 
the  thermometer.  Latent  heat  is  that  heat 
which  does  not  affect  the  thermometer.  In 
order  to  cause  a  body  to  pass  from  the  solid 
to  the  liquid  state,  and  from  the  liquid  to 
the  gaseous,  heat  must  be  applied  and  stored 
up  in  the  body.  This  heat  is  known  as 
latent  heat,  and  being  stored  up  in  the  body, 
so  to  speak,  must  be  abstracted  to  change 
the  body  back  to  its  former  state.  This 
means  that  the  latent  heat  can  be  recovered. 
To  explain  this  further,  we  will  quote  a 
reliable  authority: 

''Take  a  pailful  of  powdered  ice  and 
bring  it  into  a  room  in  which  is  a  large  fire; 
put  a  thermometer  into  the  pail  with  the 
ice,  and  when  the  latter  begins  to  melt,  the 
former  will  stand  at  32^,  and  as  long  as 
there  is  any  ice  to  melt  it  will  remain  at  that 
point,  notwithstanding  the  heat  of  the  room. 
Now,  there  must  be  a  laige  amount  of  heat 
entering  the  water,  since  the  ice  begins  to 
melt,  but  it  has  no  effect  on  the  thermom- 
eter, and  this  heat  that  has  so  entered  is 
called  the  latent  heat  of  water, 

''But,  the  instant  the  last  bit  of  ice  is 
melted,  the  thermometer  will  begin  to  rise, 
and  will  continue  to  rise  till  the  water  boils, 
when  it  will  stand  at  212"  Fahrenheit;  but, 
although  the  water  goes  on  receiving  heat 
after  this,  the  instrument  will  stand  at  212" 
until  the  water  is  all  boiled  away.  The  heat 
that  enters  the  water  from  boiling  till  it 
becomes  steam  is  called  the  latent  heat  of 
steam,^^ 

In  short,  the  latent  heat  of  steam  is  the 
amount  of  heat  required  to  convert  1 
pound  of  water,  at  a  given  temperature,  into 
steam  at  the  same  temperature.  The  total 
heat  of  evaporation  is  the  sum  of  the  latent 
heat  and  sensible  heat  above  32",  and  is 
the  quantity  of  heat  required  to  raise  1 
pound  of  water  from  32"  Fahrenheit  to  the 
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temperature  of  evaporation,  and  to  convert  it 
into  steam  at  that  temperature.  Hence,  to 
obtain  the  total  heat,  subtract  32  from  the 
sensible  heat  in  degrees  Fahrenheit,  and 
add  the  remainder  to  the  latent  heat, 
which  is  given  in  British  thermal  units. 
Owing  to  the  fwct  that  the  specific  heat  of 
water  varies  somewhat  at  different  tempera- 
tures, the  sensible  heat  diminished  by  32° 
does  not  represent  the  exact  amount  of  heat 
required  to  raise  1  pound  of  water  from 
the  freezing  point  to  the  boiling  point.  The 
diffa'ence  is  so  slight,  however,  that  it  may 
be  safely  neglected  in  practical  work. 

The  following  table  will  show  the  relation 
existing  between  the  different  columns,  and 
will  serve  as  food  for  thought: 


Abaolate 
Preisare. 
Pounds. 


15 
30 
45 
60 


Sensible 
Heat. 


212 
251 
275 
298 


Latent 
Heat. 


9«6 
939 
923 
910 


Total 
Heal. 


1,146 
1,158 
1,165 
1.171 


Relative 
Volume. 


1,646 
841 
575 
439 


It  will  be  seen  from  the  above  table  that 
the  sensible  heat  increases  with  the  pressure, 
while  the  latent  heat  decreases.  It  will  also 
be  seen  that  the  total  heat  varies  but  little. 

In  the  "  Relative  Volume  "  column  it  will 
be  noticed  that  as  the  pressure  rises  the 
volume  becomes  smaller;  for  example,  at  15 
pounds  pressure  above  vacuum  (otherwise 
called  1  atmosphere)  the  volume  is  1,646. 
As  explained  previously,  this  means  that  a 
given  quantity  of  water,  when  turned  into 
steam  at  the  given  pressure  (15  pounds), 
expands  and  occupies  the  given  amount  of 
space — 1,646  times  that  of  the  original  water. 

What  i»  meant  by  "  specific  heat "/ 

The  specific  heat  of  a  body  is  the  ratio 
between  the  quantity  of  heat  required  to 
warm  that  body  1°,  and  the  quantity  of 
heat  required  to  warm  an  equal  weight  of 
water  1°. 

It  should  be  remembered  that  there  is  a 
difference  between  the  temperature  of  a 
body  and  the  quantity  of  heat  in  the  body. 
The  temperature  indicates  how  hot  or  how 
cold  the  body  is,  or  the  intensity  of  the  heat 
therein.  If  a  portion  of  water  is  taken  out 
of  a  vessel,  the  temperature  is  the  same 
throughout,  but  the  quantity  of  heat  varies 
directly  as  the  weight  of  water  in  each 
vessel.  The  temperature  of  a  body  is  indi- 
cated by  an  instrument  known  as  a  ther- 
mometer, which  consists  of  a  glass  tube  of 
very  fine  bore,  and  having  a  small  bulb  at 


the  bottom  that  contains  a  quantity  of  mer- 
cury. If  the  thermometer  is  warmed,  the 
mercury  will  expand — rise  up  in  the  tube— 
and  occupy  a  larger  volume;  if  the  ther- 
mometer is  cooled,  the  column  of  mercury 
will  contract — foil  in  the  tube.  A  gradu- 
ated scale  is  affixed  that  shows  the  slightest 
change  of  temperature  by  the  rise  or  fall  of 
the  mercury  within  the  tube. 

Quantities  of  heat  are  measured  by  the 
unit  of  heat,  which  is  relatively  the  same  as 
the  inch  or  the  foot  used  in  measuring  dis- 
tances, or  the  pound  to  measure  weight 
The  unit  of  heat  is  the  amount  of  heat 
necessary  to  raise  the  temperature  of  1  pound 
of  distilled  water  from  62®  to  63''  Fahrenheit, 
and  this  quantity  of  heat  is  technically 
known  as  the  British  thermal  unit. 

There  is  an  exact  relation  between  the 
unit  of  heat  and  the  unit  of  work,  hence 
the  following  question: 

What  is  the  unit  of  work,  and  what  rdaHon 
does  it  bear  to  the  unit  of  heat  f 

To  many,  the  terms  **  unit  of  heat*'  and 
''unit  of  work*'  are  new,  and  may  not  be 
looked  on  with  any  interest.  Some  may  even 
ask  what  these  and  some  other  phrases  that 
have  been  used  have  to  do  with  a  man  in  the 
engine  room.  It  can  only  be  said  in  reply 
that  as  these  subjects  are  some  of  the 
elements  of  the  engineering  profession,  it  is 
of  great  importance  that  they  should  be 
correctly  understood.  After  a  student  has 
once  gained  possession  of  such  facts  as  these, 
a  new  light,  so  to  speak,  is  shed  upon  his 
surroundings.  He  sees  and  understands 
more  clearly,  and,  what  is  more,  his  calcula- 
tions and  conclusions  will  now  be  based  on 
correct  fundamental  principles. 

How  often  do  we  hear  a  question  like  this 
asked.  How  much  power  will  it  take  to  move 
such  and  such  a  thing?  when  in  reality, 
the  person  asking  such  question  means  to 
ask,  What  force  will  it  take  to  move  it  ?  Had 
the  person  asking  such  a  question  understood 
the  difference  between  force  and  power,  he 
would  not  have  used  the  wrong  term.  This 
is  only  one  example  of  terms  being  incor- 
rectly used.  Even  should  a  correct  answer 
be  given  to  a  man  that  does  not  really  under- 
stand what  he  wants  to  know,  it  would  not 
be  fully  understood  by  him,  for  his  thinking 
powers  have  not  been  trained  along  the 
right  lines,  and  hence  his  mind  is  not  in  a 
condition  to  receive  what  he  asks  for.  We 
do  not  mean  to  say  that  such  a  man  cannot 
learn;  on  the  contrary,  he  will  be  just  the 
one  that  can  and  will  learn,  if  he  begins  at 
the  beginning.    Do  not  think  anything  too 
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amRll,  too  elementary,  to  bother  with,  for 
yoQ  will  Borelf  find,  as  70a  go  tbroagh  life, 
ftod  problems  present  themselvee  for  boId- 
tion,  that  sooner  or  later  70U  will  be  obliged 
to  go  back  and  make  a  study  of  the  things 
that  at  one  time  yon  thought  of  do  conse- 
qnenca 

And  now  to  the  question— what  ie  the  unit 
of  work  T 

By  the  term  work   ia  moHit  tiie  over- 
coming of  a  reeistauce  through  a  apace.    The 
atnount  of  work  done  is  measured  by  the 
reeisttuice  overcome  multiplied  by  the  dis- 
tance through  which  it  is  overcome;   the 
resistance  is  measured  in  pounds,  the  dis- 
tance in  feet.    Therefore,  work  is  measured 
by  the  product  of  ponnds  and  feet.    If  a 
body    weighing    10 
pounds  is   lifted 
throQgh  a  height  of  5 
feet,  then  the  resist- 
ance,   namely,    10 
pounds,  multiplied  by 
the  distance  throi^h 
which  it  is  overcome, 
namely,  6  feet,  is  equal 
to  10  X  5  =  50  foot- 
pounds of  work.    The 
unit  of  work  is  the 
work  done  in  raising  1 
pound  through  a  ver- 
tical b^ht  of  1  foot, 
and  is  called  the  foot- 
Now,  the  unit  of 
work  has  no  reference 
to  the  time  taken,  for 
the  same  amount  of 
work  is  done  in  lifting 
the  weight,  whether  it 
is  done  in  one  minute 
or  in   one   day;   and 
herein  is  the  difference  between  force  and 
power,  previously  alluded  to.    The  power  of 
a  machine  is  measured  by  the  rate  at  which 
it  can  do  work,  and  depends  on  the  amount 
of  work  done  in  the  unit  of  time.    Force  is 
that  which  overcomes  resistance.    Using  the 
above  example — a  force  of  10  pounds  over- 
came the  resistance  due  to  the  weight,  and 
acted  through  a  space  of  5  feet,  doing,  there- 
fore, 10  X  5  =  50  foot-pounds  of  work. 

We  can  now  consider  the  question  of  the 
relation  between  the  unit  of  heat  and  the 
unit  of  work.  Dr.  Joule  determined  by 
experiment  that  1  pound  of  water  was 
increased  in  temperature  1°  by  the  work  done 
on  it  during  the  descent  of  772  pounds 
through  1  foot. 


The  accompanying  illustration  will  give 
an  idea  of  the  apparatus  used  by  Dr.  Jonle 
to  determine  the  relation  between  heat 
and  work. 

By  an  arrangement  of  drums  and  pulleys, 
the  weight  w  in  falling  wss  made  to  operate 
the  paddles  p  in  the  vessel  v,  which  was  filled 
with  water.  The  work  performed  by  the 
weight  in  falling  was  all  expended  in  churn- 
ing the  water,  eKcept  the  small  quantity 
used  in  overcoming  the  friction  of  the  mov- 
ing parts.  A  very  delicate  thermometei  1 
showed  that  the  action  of  the  paddles  raised 
the  temperature  of  the  water,  and,  since  no 
heat  .was  applied  to  the  water  in  any  way, 
showed  that  the  rise  in  temperature  was 
directiy  due  to  a  transforuiation  of  work  into 


heat.  It  was  also  observed  that  the  rise  in 
temperature  waa  proportional  to  the  work 
done.  A  number  of  careful  experiments  led 
Dr.  Joule  to  conclude  that  I  British  thermal 
unit  was  equivalent  to  772  foot-pounds  of 
work.  Hirn,  the  noted  German  engineer,  by 
a  different  method,  fixed  that  value  at  774.5 
foot-pounds.  Finally,  Professor  Rowland, 
of  Baltimore,  using  an  apparatus  similar  to 
Dr.  Joule's,  but  much  larger,  obtained  the 
value  of  778  foot-pounds  as  the  most  prob- 
able value  of  the  mechanical  equivalent. 
Many  textbooks  still  give  the  value  of 
772  foot-pounds,  but  nearly  all  modem  works 
on  the  subject  of  heat  give  the  value  deter- 
mined by  Profeeeor  Rowland,  which  is  gen- 
erally used  by  engineers  today. 
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THE  next  step  in  the  constmction  of  the 
cornice  under  consideration  is  to  get 
oat  the  sink  strip  for  the  scroll  in  the 
side  of  the  modUlion,  as  shown  at  a  in 
Fig.  17.    The  scroll  is  to  be  raised  }  inch  at 

a,  and  is  to  die  out  at 
h  and  d.  The  form,  or 
the  pattern,  of  the  sink 
strip  to  accomplish 
this  may  be  obtained 
by  drawing  any  line, 
as  6d,  Fig.  18,  which 
is  equal  in  length  to 
the  stretchout  required 
to  go  from  6  to  cf,  in 
Fig.  17.  At  a,  erect  a 
line  }  inch  high,  and  draw  freehand  a  curved 
line,  as  shown  by  dch,  and  the  figure  will  be 
the  required  pattern,  16  of  which  are  wanted. 
When  the  sink  strips  have  been  cut  out,  they 
are  rolled  right  and  left,  care  being  taken  to 
solder  the  straight  side  6  a  d  to  the  curve  d  e  6, 
shown  in  Fig.  17.  The  amount  of  material 
required  for  the  face  of  the  modillion  is 
obtained  in  a  manner  described  in  connec- 
tion with  the  bracket,  or  end  block,  and  the 
caps  are  soldered  to  the  modillions  after  they 
are  set  up. 

Our  attention  must  now  be  directed  to 
getting  out  the  raised  circular  box,  or  patera, 
placed  between  the  modillions,  as  shown  at 
a,  Fig.  2,  in  the  June,  1899,  issue  of  *'The 
Building  Trades  Magazine.''  The  paterae 
are  6  inches  in  diameter  and  may  be  laid  out 
from  scrap  pieces  of  metal  by  describing 
nine  circles  6  inches  in  diameter.  These 
will  be  '' stripped"  by  soldering  to  them 
metal  strips  cut  in  the 
squaring  shears  to  the 
required  width.  The 
pressed-zinc  ornament 
for  the  panel  c,  Fig.  2, 
is  selected  from  the 
catalogues  of  manufacturers  of  this  work, 
and  can  be  obtained  from  them  at  reason- 
able prices. 

The  brackets,  modillions,  and  raised  cir- 
cular boxes  are  now  finished,  and  the  work 


t 


^ 

n 


} 


Fig.  18. 


in  sequence  is  to  get  out  the  moldings.  As 
the  cornice  is  provided  with  end  brackets 
projecting  beyond  the  principal  surfaces  of 
the  cornice,  no  miters  will  be  required,  as 
the  moldings  will  butt  against  the  side  &ce 
of  the  brackets.  Take  narrow  strips,  say  \ 
inch  wide,  of  galvanized  iron,  and,  using  the 
pliers  in  a  manner  similar  to  that  described 
when  obtaining  the  stretchout  of  the  bracket, 
determine  the  amount  of  material  required 
for  the  entire  cornice.  Of  course,  this  can- 
not be  obtained  in  one  piece,  and,  for  con- 
venience in  just  such  a  case  as  this,  various 


b 


< 


(b)    (e) 


widths  of  galvanized  iron  are  kept  in  stock. 
Therefore,  while  determining  the  storetchoat 
of  the  cornice,  cut  narrow  strips  in  lengths 
equal  to  the  width  of  iron  in  stock;  then 
it  will  be  an  easy  matter  to  find  where 
the  seams  would  come,  using  this  or  that 
width.  As  a  rule,  seams  should  always  be 
placed  where  they  are  not  likely  to  be  seen, 
and  bent  in  such  a  manner  as  to  avoid 
buckles  of  the  metal.  In  Fig.  19,  at  ( a ) ,  ( 6 ), 
and  (c),  are  shown  the  several  methods  of 
placing  seams  in  the  cornice  under  construc- 
tion. It  is  never  good  practice,  under  any 
circumstances,  to  make  a  seam  as  shown 
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aibin  Fig.  19  (c);  for,  when  solderii^,  tbe      Bheeta  «r«  now  dotted  in  the  mumer  pre- 

entire  length    will   be  wavy  and    fall    of     viooBly   dwcribed,    after  which    they   u« 

buckles.    Tbe  proper  way  to  form  nicb  a     formed  in  the  7-foot  cornice  brake. 

eeam  is  to  bend  a  small  edge,  ae  shown  at  b.         There  are  vaHona  forms  of  cornice  brakes, 

Fig.  19  (6);  this  takee  out  tJtie  bu<^«a,  and      and  it  requires  a  little  experience  to  know 

bow  to  operate  one  to  the  beet  advantage; 

however,  the  writer  has  found,  during  hia 

experience  of  22  years  in  tbe  trade,  that  the 

whole  secret  of  forming  is  not  to  moke  the 

second  bend  nntil  the  firet   is   accurately 

foimed. 

The  molding  being  accurately  formed  after 


Fio.  20. 

the  seam  can  be  soldered  either  inside  or 
outside.  In  order  to  obtain  the  required 
length  of  tbe  eheete  making  up  tbe  cornice, 
refbr  to  Fig.  1,  June,  1899,  issue  of  "  The 
Building  Trades  Magaiine,"  from  which  it 
is  foond  that  the  cornice  is  20  feet  in  length. 
Ae  the  iron  in  stock  is  7  feet  long,  it  will 


the  profiles  ebowu,  the  next  step  is  to  put  it 
together  in  one  length.  Assume  that  it  best 
answers  the  purpose  to  make  the  cornice  as 
shown  at  J  B  C  in  Fig.  19. 

The  method  of  setting  a  molding  tt^ether 
on  the  bench,  and  the  tools  required  for  the 


require  three  sheets  to  make  np  the  length; 
two  of  them  will  be  fiill  length  and  one  will 
be  6  feet  4  inches.  The  iei^h  is  Bgured  ae 
follows; 

LeDgrth  of  cornice 2n  n.  o  In. 

Lengtb  oftwoend  lap*  2  In, 

Lengtb  of  tiro  center  Upa 2  in. 

Total  lengtb 20  rt.  4  In. 

Length  of  two  fnlUheeta 14  n.  0  in. 


Length  or  tblrd  iheet 6  ft.  4  In. 

The  allowance  for  laps  in  the  above  calcu- 
lation gives  a  ]-inch  lap  at  each  end  and      the  molding.    Commence  with  the  piece  d 
1-inch  laps  at  the  two  middle  seams.    The     and  tack  it  to  the  bench  with  1-inch  roofing 


work,  are  shown  in  Fig.  20.    In  this  figure, 

a  represents    the   bench,  b,  c,  and  d   the 

full  sheets  and  the  short  piece  forming 
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nails,  as  shown  at/  and  t.  Theo  place  sheet 
c  over  sheet  d,  allowing  a  1-inch  seam,  and 
tack  the  sheet  to  the  bench  at  g;  sight  the 
outer  line  of  the  sheets  c  and  d,  and,  if  per- 
fectly straight,  nail  it  at  h.  Perfwm  the 
same  operation 
in  connection 
with  sheet  b. 

is  20  feet  long, 
the  distance 
from  end  to  end 
of  the  molding 
ehonld  measnre 
20  feet  2  inches; 
this  allows   for 


posiUon,  nuurk  off  divisions  on  the  molding 
so  as  to  equally  space  the  eight  modilUonB. 
To  obtain  these  division^,  proceed  as  followe: 


the   1 


end 


In  th 
illustration,  t.  j, 


nt. 


Pio.  24, 


epectively,  the 
nail  box,  ham- 
mer, add  cup 
and  brush,  soldering  copper,  iron  block,  and 
ehears,  these  being  the  tools  that  are  always 
used. 

When  these  seams  have  been  soldered, 
lift  the  molding  carefully  and  let  the  portion 
that  now  lies  on  the  bench  hang  over  the 
other  side,  thus  allowing  £  £  to  lie  on  the 


bench.  In  this  manner  all  the  members  af  e 
soldered ;  after  this  they  are  riveted  and  the 
rivet  heads  soaked  with  solder.  When  the 
crowning  member  A,  Fig.  19,  is  completed, 
set  the  moldings  B  and  C,  Fig.  19  {b), 
together  in  the  same  manner. 

Having  the  three  moldings  A,  B,  and  C, 
in  Fig.  19  {b),  formed  and  cut  to  their  re- 
quired lengths,  place  the  molding  A  upon 
the  bench,  as  shown  in  Fig.  21,  and  over  it 
set  the  molding  B,  soldering  it  in  place. 
Notch  the  two  ends  of  the  moldings,  and 
with  the  pliers  bend  all  laps  toward  the 
inside.  Everything  is  now  ready  to  set  or 
solder  on  the  end  brackets,  the  molding 
shown  in  Fig.  21  fitting  against  the  inside 
cut  of  the  bracket,  as  shown  in  Fig.  11,  July, 
1899,  issue  of  "  The  Building  Trades  Maga- 
zine."   When  the  two  end  blocks  are  in 


FiO.  M. 

From  the.  length  of  the  cornice,  20  feel, 
deduct, the  width  of  the  two  end  brackets, 
or  20  inchee;tthis  leaves  18  feet  4  inches;  8 
modillions,  at  6  inches  each,  equal  48 
inches,  or  4  feet,  which  is  deducted 
from  18  feet  4  inches,  and  leaves  14  feet 
4  inches,  or  172  inches;  dividing  by  9, 
the  naml)er  of  spaces  in  the  cornice, 
each  space  between  the  modillions  is 
found  tobe  19(  inches.  Place  the  modil- 
r  lions  on  these  divisions,  and  solder  and 
rivet  them  well  in  place;  by  means  of 
the  laps  that  were  left  on  the  sides.  Tom 
the  cornice  over  on  the  bench  so  that  the 
portion  S,  Fig.  21,  will  rest  as  shown  in 


Fig.  22,  and  in  this  position  the  raised  cir- 
cular boxes,  located  between  the  modillions, 
can  be  soldered  in  place. 
Having   proceeded    thus   far,    place  the 
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memberB  B  and  C  ot  the  cornice  in  posi- 
tion on  the  bench  and  solder  the  long  Beam 
marked  a.  Fig.  23.  This  being  completed, 
the  brackets  may  be  fastened  to  the  lower 


required  in  the  brace,  as  indicated  in  Fig. 
24(6).  Straighten  ont  the  sheet-metal  strip 
b,  with  the  bolt  holee  and  the  beads  for 
each  straight  section  of  the  brace  marked 


no.  38. 
molding  C  and  the  sine  ornaments  soldwed 
in  place. 

It  is  next  required  to  put  in  the  wrought- 
iron  braces,  or  lookouts,  which  should  be 
placed  about  4  feet  apart.  The  making  of 
these  braces  is  a  simple  matter.  If  soft 
band  iron  is  used,  the  braces  can  be  bent 
cold;  if  the  iroD  is  bard,  they  are  apt  to 
break.  It  is  necessary,  in  laying  out  these 
bracee,  to  refer  to  the  detail  drawing.  Fig.  2, 
which  shows  the  several  bends  in  the  braces 


thereon.  It  is  convenient  to  indicate  the 
bolt  holee  by  a  V  notch,  and  the  bends  bv  an 
I  notch,  as  illustrated  at  (a).  Fig.  24. 

Having  obtained  the  layout  of  the  brace 
on  the  metal  strip  In  this  manner,  it  ia 
employed  as  shown  in  Fig.  25,  in  which 
a,  b,  e,  d,  and  e  represent  five  pieces  of  band 
iron  cut  on  the  band-iron  cutter.  Lay  the 
five  braces  closely  together — placed  apart  on 
the  sketch  in  order  to  show  more  clearly — 
having  the  ends  at  right  angles;  take  the 
sheet-metal  strip/,  place  it  against  the  brace 
a,  and  mark  off  with  slate  pencil  the  holes 
and  bends  g,  k,  i,  j,  k,  etc.    In  the  same 


and  the  bolt  holee  marked  x,  from  which  the 
length  of  iron  required  to  form  the  brace  in 
one  piece  may  t>e  obtained. 

Select  a  narrow  strip  of  metal  about  J  inch 
wide,  and  mark  upon  it  the  lengths  of  the 
several  bends  and  the  position  of  the  holes 


manner,  take  the  strip  and  place  it  as  shown 
at  I,  marking  the  holes  and  bends  on  the 
brace  e;  remove  the  metal  strip,  and  with  a 
straightedge  draw  lines  across  the  pieces  of 
band  iron,  crossing  those  that  are  to  be 
punched.     Do  all  the  punchingon  the  {-inch 
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punch  machine  first,  and  make  the  bends  on 
the  brace  bender  to  suit  the  profile  of  the 
brace. 

The  cornice  is  now  taken  from  the  bench 
and  placed  on  wooden  horses,  a  section  of 
which  is  shown  at  a,  Fig.  26,  so  that  the 
modillions  rest  upon  Uiem.  The  five  braces 
are  now  divided  equally  between  the  two 
end  brackets,  after  which  they  are  bolted  in 
position  as  shown.  When  putting  in  the 
braces,  they  are  pressed  firmly  against  the 
galvanized-iron  cornice;  then  with  prick 
punch  and  hammer  a  slight  impression  is 
made  on  the  galvanized  iron  through  the 
hole  in  the  brace.  The  helper  on  the 
opposite  side  of  the  cornice  now  places 
his  prick  punch  against  the  impression  on 
the  sheet  iron,  and  with  the  hammer  drives 
the  punch  into  the  hole  through  the  brace, 
which  is  held  firmly  in  position  by  means  of 
the  hammer  handle.  By  working  in  this 
manner  the-  burr  of  the  sheet  iron  works 
itself  tightly  around  the  hole  in  the  brace. 
Through  the  holes  formed  in  this  manner 
the  braces  are  bolted  in  place,  the  bolts  being 
provided  with  a  washer  and  the  nuts  then 
being  screwed  on  from  the  inside  of  the 
cornice. 

When  the  braces  are  all  fastened  in  this 
manner,  obtain  three  pieces  of  joist  or  plank- 
ing, as  at  /),  a  little  thicker  than  the  depth 
of  the  drip/,  and  secure  them  under  the  foot 
of  the  brace  with  two  roofing  nails,  as  shown 
at  k  and  2,  Fig.  26.  The  laps  on  the  end  of 
the  cornice  are  riveted  against  the  end 
brackets,  as  shown  at  h,  t,  and  m.  Now  look 
over  the  cornice  well,  and  solder  all  nail 
holes;  it  is  then  ready  to  put  in  place  on 
the  building. 

When  loading  cornices,  a  special  rack  is 
prepared  on  which  to  transport  the  cornice. 
It  consists,  as  shown  in  Fig.  27,  of  two  horses 
the  width  of  the  wagon,  the  front  horse 
being  higher  than  the  rear.    On  top  of  the 


horses  a  platform  is  laid,  provided  with 
clamps  to  prevent  it  from  slipping  off*  the 
horses.  The  platform  is  one  fhll  length  of 
16  feet,  and  miEule  in  two  sections  in  width. 
The  cornice  is  now  loaded  upon  the  wagon, 
and  the  portion  C,  shown  in  Fig.  26,  laid  on 
the  platform.  The  derrick  employed  to 
hoist  the  cornice  is  shown  in  Fig.  28;  the 
spikes  at  a  and  b  are  set  in  the  center  of 
the  roof  beam,  and  the  guy  ropes  c  and  d 
are  &stened  to  a  beam  farther  away.  The 
hoisting  rope  is  wound  around  the  crank- 
shaft e  when  the  winch  is  turned.  It  is 
necessary  to  faaien  guide  ropes  at  each  end 
of  the  cornice  while  hoisting.  The  end  of 
the  hoisting  rope  is  fastened  to  the  angle 
of  the  brace  n,  as  shown  in  Fig.  26. 

In  placing  the  cornice  on  the  wall,  it  is 
secured  temporarily  by  means  of  i-inch  wire 
to  the  brace  at  a  and  6,  as  shown  in  Fig.  29. 
The  drip  /  of  the  foot-mold  is  drawn  tight 
against  the  wall,  and  the  wires  from  a  and  b 
are  secured  to  the  roof  beam  at  c  and  d.  The 
cornice  can  be  plumbed  by  inserting  the 
piece  of  bar  iron  j  in  the  loop  of  the  wire 
and  then  twisting  it  until  the  cornice  is 
vertical.  When  the  cornice  is  properly 
set,  bolt  on  the  anchors  k,  Z,  and  m,  and 
in  bolting  on  the  anchor  I  do  not  loosen 
the  nut  at  o,  but  always  provide  a  longer 
bolt  at  this  place,  frimished  with  two  nuts, 
and  secure  the  anchor  as  shown  at  (a). 
Fig.  29. 

When  the  anchors  are  in  place  and  the 
cornice  plumb,  the  mason  runs  up  his  wall, 
as  shown  in  Fig.  30,  which  holds  the  cornice 
in  position. 

After  the  wall  is  run  up,  the  framer  sets 
his  wooden  brackets  as  in  Fig.  31,  and  planks 
the  roof  of  the  cornice,  after  which  the  tin 
roofer  covers  the  roof  with  tin  plate,  locking 
it  into  the  lock  of  the  crown  mold  at  a  and 
soldering;  also  flashing  out  on  the  flat  roof 
at  6  and  c. 


OUTPUT  OF  MINERALS  IN  GREAT  BRITAIN. 


FROM  a  Blue  Book  recently  issued  by  the 
British  government  we  learn  that  the 
total  value  of  all  mineral  products  of  the 
British  Isles  in  1898  exceeded  £77,000,000, 
showing  an  increase  of  £5,000,000  over  the 
previous  year.  More  than  200,000,000  tons 
of  coal  were  mined,  and  36,500,000  tons  were 
exported.  Careful  estimates  show  that  in 
fifty  years  England  will  b^n  to  feel  very 


severely  the  scarcity  of  cheap  coal.  The 
Blue  Book  referred  to  says :  * '  We  are  already 
dependent  upon  foreign  countries  for  much 
of  our  iron  ore,  and  it  will  be  an  evil  day 
when  we  feel  the  pinch  of  poverty  in  coaL 
The  husbanding  of  the  coal  resources  of  the 
kingdom  is  therefore  a  question  of  national 
importance.''  Great  Britain  still  claims  the 
first  place  among  coal-producing  countries. 


A  GREAT  DISCOVERY. 


George  McC.  Robson,  M.  A. 


COBRBCTION    OF    KsPLER'S    ThIRD     LaW — PrOBLBM    OP    THE    ThBBB     BoDIBS — FOUNDING     OP 

Greenwich  Obsbrvatobt — ^News  From  a  Far  Land. 


When  Newton  saw  an  apple  fall,  he  found 
In  that  Blight  startle  firom  his  contemplation— 

Tls  said  ( for  I'll  not  answer  aboye  ground 
For  any  sage's  creed  or  calculation)— 

A  mode  of  proving  that  the  earth  tum'd  round 
In  a  most  natural  whirl,  called  gravitation; 

And  this  is  the  sole  mortal  who  could  grapple, 

Since  Adam,  with  a  fkll,  or  with  an  apple. 

— Byron. 


In  the  third  section  of  the  Principia, 
Newton  investigates  the  motion  of  a  body 
describing  a  conic  section  under  the  action 
of  a  central  force  directed  toward  one  focus. 
He  proves  that  the  central  force  must  vary 
inversely  as  the  square  of  the  distance.  Con- 
versely, he  proves  that  if  a  body  is  projected 
in  any  way  and  is  acted  on  by  a  central  force 
varying  inversely  as  the  square  of  the  dis- 
tance, it  must  describe  a  conic  having  the 
center  of  force  as  one  of  its  foci — whether 
this  conic  will  be  an  ellipse,  a  hyperbola,  or 
a  parabola  depends  on  the  magnitude  and 
direction  of  the  velocity  of  projection  and 
the  distance  of  the  point  of  projection  from 
the  center  of  force.  He  further  shows  that 
if  several  bodies  revolve  in  ellipses  about  the 
same  center  of  force  and  the  force  varies 
according  to  the  law  of  the  inverse  square  of 
the  distance,  or  the  law  of  nature  as  it  is 
often  called,  the  bodies  must  conform  to 
Kepler' s  third  law.  In  two  of  the  corollaries 
to  the  seventeenth  proposition,  he  indicates 
a  method  by  which  the  effects  of  disturbing 
forces  may  be  estimated;  the  modern  treat- 
ment of  this  subject  is  based  on  Lagrange's 
epoch-making  paper  in  the  '*  Berlin  Mem- 
oirs'* for  1786,  and  we  have  the  authority  of 
Laplace  for  the  statement  that  Lagrange's 
investigations  were  suggested  by  these  corol- 
laries. 

The  demonstrations  of  these  propositions 
are  necessarily  mathematical,  and  can  be  fol- 
lowed only  by  those  that  have  a  competent 
knowledge  of  the  geometry  of  conies.  It  is 
possible,  however,  to  indicate  the  spirit  that 
underlies  Newton's  method.  In  the  first 
place,  if  the  path  of  a  body  is  not  a  straight 
line,  its  deflection  from  a  straight  path  is 
evidence  that  it  is  under  the  influence  of 
some  force;  and  the  greater  the  amount  of  the 
deflection  in  a  given  time,  the  greater  must 


be  the  intensity  of  the  force.  Now,  deflec- 
tion from  a  straight  line  is  only  another 
name  for  curvature;  and  any  curve  is  defined 
by  the  particular  law  according  to  which  its 
curvature  varies;  for  example,  a  circle  is 
defined  by  the  law  that  its  curvature  is  the 
same  at  all  points.  The  law  of  variation  of 
the  deflecting  force  can  be  determined,  there- 
fore, if  the  direction  of  the  deflecting  force 
and  the  law  of  curvature  of  the  path  are 
both  known.  The  law  of  curvature  of  a 
conic  section  can  be  determined  mathemat- 
ically and  can  be  expressed  either  in  geomet- 
rical or  in  algebraic  symbols;  the  law  of 
curvature  determines  the  amount  of  deflec- 
tion from  the  tangent  toward  the  focus; 
and,  by  the  laws  of  motion,  the  intensity  of 
a  force  causing  deflection  in  its  own  direction 
is  proportional  to  the  deflection;  hence,  the 
law  of  force  under  which  a  body  describes  a 
conic  having  the  center  of  force  for  one  of 
its  foci  can  be  expressed  either  geometrically 
or  algebraically.  The  velocity  at  any  point 
of  the  path  is  readily  found  from  the  law 
of  the  equable  description  of  areas,  which 
had  been  established  in  the  second  section 
for  all  central  forces. 

The  next  two  sections  of  the  Principia 
relate  entirely  to  the  geometry  of  conies.  In 
the  sixth  section,  Newton  again  takes  up  the 
motion  of  a  body  in  a  conic,  and  shows  how 
to  determine  the  position  of  the  body  at  any 
time.  From  the  law  of  the  equable  descrip- 
tion of  areas,  it  follows  that  the  problem  of 
determining  the  position,  at  a  given  time,  of 
a  body  moving  in  an  elliptic  orbit,  depends 
on  the  solution  of  the  following  geometrical 
problem:  To  flnd  the  position  of  a  right  line 
through  a  focus  of  an  ellipse,  such  that  the 
area  of  the  sector  enclosed  between  this  line 
and  the  axis  of  the  ellipse  shall  be  in  a  given 
ratio  to  the  whole  area  of  the  ellipse.    This 
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is  known  aa  Kepler's  problem^  and  is  of  im- 
portance in  astronomy,  because  its  solution 
is  necessary  for  the  determination  of  the 
place  a  planet  will  occupy  in  its  orbit  at  any 
g^ven  time.  To  this  problem  Newton  has 
prefixed  the  following  lemma:  *'  There  is  no 
oval  curve  such  that  the  sectorial  area  cut 
from  it  by  arbitrary  lines  can  be  expressed 
by  an  equation  involving  only  a  finite  num- 
ber of  terms."  Newton  was  dissatisfied 
with  his  proof  of  this  lemma,  and  it  has  since 
been  pointed  out  that  there  is  a  family  of 
ovals  for  which  it  is  not  true;  but  the  state- 
ment in  the  lemma  is  true  for  an  ellipse;  it 
follows,  therefore,  that  Kepler*  s  problem 
cannot  be  solved  by  any  geometrical  con- 
struction that  can  be  effected  by  means  of 
straight  lines  and  circles.  Newton  gives  a 
geometrical  solution  that  requires  the  con- 
struction of  a  cycloid;  but,  on  account  of  the 
difficulty  of  constructing  this  curve,  he  adds 
two  arithmetical  methods  of  approximating 
to  the  sectorial  area  as  closely  as  may  be 
desired. 

The  seventh  section  treats  of  the  motion 
of  a  body  in  a  straight  line  under  the  action 
of  a  central  force  directed  toward  a  fixed 
point  in  the  line.  The  eighth  section  dis- 
cusses the  orbits  described  by  bodies  under 
the  action  of  a  central  force  varying  accord- 
ing to  any  law.  The  treatment  of  these 
problems  by  Newtonian  methods  is  very 
involved  and  difficult,  and  does  not  com- 
pare fiivorably  with  modem  analytical 
methods. 

In  the  ninth  section  he  treats  of  the  motion 
of  a  body  in  an  orbit  that  is  revolving  in  its 
own  plane  about  the  center  of  force,  and 
discusses  in  detail  the  motion  of  the  apse 
line  in  an  orbit  that  is  nearly  circular.  The 
position  of  a  moving  body  when  at  its 
greatest  or  its  least  distance  from  the  center 
of  force  is  called  an  apse,  and  the  line  joining 
an  apse  to  the  center  of  force  is  called  an 
apse  line.  An  elliptic  orbit  described  about  a 
center  of  force  in  a  focus  has  but  two  apsides, 
and  the  line  joining  them  is  the  major  axis 
of  the  ellipse.  The  motion  of  the  apse  line 
in  a  planetary  orbit  is,  therefore,  the  same 
problem  as  the  motion  of  the  aphelion  which 
is  illustrated  by  the  instructive  experiment 
of  Horrox  described  in  the  October,  1899, 
number  of  ''The  Mechanic  Arts  Magazine." 
In  a  corollary,  he  shows  how  the  law  of  force 
may  be  fouud  from  the  motion  of  the  apse 
line;  and  in  another  corollary  he  gives 
a  method  of  computing  the  motion  of  the 
apse  line  due  to  the  addition  of  an  extrane- 
ous force  to  the  central  force.    To  illustrate 


this  second  corollary,  he  supposes  a  case  in 
which  the  extraneous  force  is  to  the  central 
force  in  the  ratio  of  100  to  35,745,  and  calcu- 
lates that  in  such  a  case  the  progressive 
motion  would  amount  to  1°  31^  28^^  per 
annum.  In  the  third  edition  of  the  Frincipia 
there  was  added  to  this  corollary  the  state- 
ment: ''The  apsis  of  the  moon  is  about 
twice  as  swift"  Thus,  it  would  appear  that 
Newton's  theory  gave  the  motion  of  the  lunar 
apse  line  as  1 }"  per  annum ;  whereas  we  know, 
from  observation,  that  it  is  3**.  For  a  long 
period  this  discrepancy  was  the  greatest 
obstacle  to  the  acceptance  of  the  theory  of 
gravitation.  Many  eminent  mathematidane 
repeated  the  calculations  and  obtained  the 
same  result.  So  great  was  the  effect  in  sha- 
king confidence  in  the  exactitude  of  the  law 
of  gravitation  that  Clairaut  suggested,  in 
1750,  that  the  law  of  the  inverse  square 
might  be  only  a  first  approximation,  and 
that  it  would  be  more  correct  to  assume  the 
law  of  variation  of  the  force  to  be  given  by 

some  such  function  as  ^  +  ^*     In  tracing 

the  consequences  of  this  suggestion,  Clairaut 
was  led  to  repeat  the  calculation  on  the 
assumption  of  a  force  varying  inversely  ae 
the  square  of  the  distance,  and  by  taking 
account  of  terms  neglected  in  his  former  work 
he  found  that  the  law  of  the  inverse  square 
gave  a  result  that  agreed  exactly  with  that 
obtained  by  observation.  Some  years  ago, 
Prof.  J.  C.  Adams,  in  examining  Newton's 
papers  now  in  the  Duke  of  Portsmouth's 
collection,  found  a  manuscript  in  which 
Newton  had  himself  repeated  his  calculation 
on  this  point,  taking  account  of  the  neglected 
terms,  and  obtained  the  correct  result  fifty 
years  before  the  date  of  Clairaut's  investiga- 
tion. This  is  no  solitary  instance,  but  rather 
an  example  of  many  instances  in  which 
apparent  exceptions  to  the  law  of  gravitation 
have,  when  rightly  understood,  afforded 
strong  confirmation  of  its  exactitude  and 
universality,  and  difficulties  that  appeared 
insurmountable  have  proved  to  be  new 
occasions  of  triumph. 

Other  lunar  and  planetary  irregularities 
are  also  treated  of  in  the.ninth  section;  but 
the  exceeding  brevity  and  conciseness  of  the 
discussion  detract  very  much  from  its  value. 
Even  so  eminent  a  mathematician  as  Laplace 
failed  to  find  much  in  it  on  the  first  reading, 
but  in  the  last  volume  of  his  Mecanique 
CSlesUy  Laplace  says  that  on  more  cardful 
reading  he  has  no  hesitation  in  regarding 
this  discussion  as  among  the  most  profound 
parts  of  Newton's  work. 
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The  motion  of  bodies  on  given  aorCftcee, 
with  special  reference  to  the  vibration 
of  pendulums,  is  considered  in  the  tenth 
section.  In  the  treatment  of  pendulums, 
Newton  is  led  to  investigate  the  principal 
properties  of  cycloids,  ejHcycloids,  and  hypo- 
cycloids. 

The  motion  of  bodies  under  their  mutual 
attractions  is  taken  into  consideration,  for 
the  first  time,  in  the  eleventh  section|^  In 
an  introductory  note,  Newton  remarks  that 
the  preceding  propositions  relate  to  the 
motions  of  bodies  attracted  to  fixed  centers, 
though  it  is  probable  that  there  is  no  such 
thing  in  nature  as  a  fixed  center.  For 
attractions  are  always  toward  bodies,  and 
the  actions  of  the  attracted  and  the  attracting 
body  are  always  equal  and  opposite,  by  the 
third  law  of  motion;  so  that,  if  there  are  two 
bodies,  neither  the  attracted  nor  the  attract- 
ing body  is  truly  at  rest,  but  both  revolve 
round  their  common  center  of  gravity. 
Then  follows  a  warning  that  when  he  uses 
the  word  attradion  in  the  following  proi)Osi- 
tions  he  is  merely  using  a  familiar  word  in 
its  common  sense,  and  that  the  use  of  this 
word  does  not  imply  any  theory  as  to  the 
nature  or  cause  of  the  attraction.  In  spite 
of  this  warning  and  of  many  other  passages 
of  similar  import  in  his  writings,  it  has 
firequently  been  declared  that  Newton 
demonstrated  attraction  as  a  physical  cause. 
On  this  point  Professor  De  Morgan  says: 
"The  word  attraction,  as  used  by  Newton, 
only  means  a  drawing  Uywards,  without  any 
implication  as  to  the  cause,  and  whether  he 
said  that  matter  attracts  matter,  or  young 
lady  attracts  young  gentleman,  he  was  using 
one  word  in  one  sense.  Newton  found  the 
law  of  the  first  to  be  the  inverse  square  of 
the  distance:  I  am  not  aware  that  the  law 
of  the  second  has  yet  been  discovered.'' 

If  two  bodies  S  and  P  attract  each  other 
¥^th  a  force  varying  according  to  any  law, 
and  are  not  influenced  by  any  other  force, 
the  two  bodies  will  describe  orbits  about  a 
point  C,  which  is  the  center  of  gravity  of  the 
system  composed  of  S  and  P,  the  center  of 
gravity  C  being  either  at  rest  or  in  uniform 
motion  in  a  straigbt  line.  To  determine  the 
relative  motion  of  the  two  bodies,  we  may 
regard  either  of  them  as  fixed;  then  the 
other  body  will  describe,  about  the  one 
regarded  as  fixed,  an  orbit  similar  to  that 
described  by  each  about  their  center  of  grav- 
ity. Newton  shows  that  if  the  mutual 
attraction  of  the  bodies  acts  according  to  the 
law  of  nature,  these  orbits  are  conies;  and 
conversely,   if  the   orbits   are   conies,  the 


attractive  force  must  act  according  to  the 
law  of  nature. 

In  the  fifty-ninth  proposition  he  goes  on  to 
show  that  the  periodic  time  T  in  which  the 
bodies  8  and  P  describe  their  orbits  about 
their  center  of  gravity  C,  is  to  the  periodic 
time  in  which  P  would  revolve  about  S,  if  8 
were  fixed  in  the  ratio  \/  CP  :  \/8P,  Let 
if.  and  M,  denote  the  masses  of  the  two 
bodies.  If  the  two  bodies  8  and  P  were 
attached  to  the  ends  of  a  uniform  bar  equal 
in  length  to  the  distance  8  P,  we  know  that 
the  whole  system  would  balance  about  the 
point  C;  hence,  from  the  elementary  princi- 
ples of  the  lever, 

CP:8P  =  if. :  if.  +  if,;  (1) 

whence,  T :  (  =  >/¥, :  v/if.-f-if,.  (2) 

It  will  be  observed  that  this  demonstra- 
tion involves  no  assumption  as  to  the  way 
in  which  the  mutual  attraction  of  the  two 
bodies  is  related  to  their  masses,  nor  does  it 
even  involve  an  assumption  as  to  the  law 
according  to  which  the  attraction  between 
two  given  bodies  varies  with  the  distance; 
the  relatioti  between  the  periodic  times 
expressed  by  equation  (2)  is  true  for  any 
law  of  force.  Newton  had  not  yet  reached 
the  consideration  of  the  relation  between  the 
masses  of  bodies  and  their  mutual  attraction. 
Now,  suppose  the  body  P  is  removed  and 
replaced  by  a  body  P^,  whose  mass  is  if,*, 
and  for  which  the  periodic  times  are  T  and 
t^;  equation  (2),  when  applied  to  this  body, 
becomes, 

T:t'  =  \/Mb:  i/if.  +  ltfr'.  (3) 
Here,  t  and  t^  are  the  periodic  times  in 
which  P  and  P^,  respectively,  would  describe 
orbits  about  8,  \f8  were  fixed.  If  the  force 
varies  according  to  the  law  of  nature,  and  if 
d  and  d^  are  the  mean  distances  of  the  bodies 
P  and  P^  from  8,  from  the  third  section  of 
the  Principia,  we  have 

(.')■=  ay-     ''> 

From  equations  (2)  and  (3),  we  readily 
obtain 

\rj  -  W  M+Mr  ^^^ 

Substituting  (  .,)  for  (A  in  equation 
(5),  we  have 

/ry     /dyM,-{-M.         ... 
\r)  =  \dO  M.-fAf.'        ^^) 

If  iS  \a  the  sun  and  P  and  P^  are  two 
planets,  then  equation  (6)  shows  that  Kep- 
ler's third  law  is  not  exactly  true;  but  it 
will  be  very  nearly  true  if  the  mafis  of  the 
sun  is  very  great  compared  vvith  tlie  mass  of 
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any  of  the  planets.  Observation  shows  that 
Kepler's  third  law  is  very  nearly  trae  for  all 
the  planets,  and,  therefore,  we  conclude  that 
the  mass  of  the  san  is  very  much  greater 
than  the  mass  of  any  planet.  As  a  matter 
of  fiact,  the  mass  of  the  largest  planet,  Jupiter, 
is  less  than  a  thousandth  part  of  that  of  the 
sun.  The  correction  of  Kepler's  law  ex- 
pressed in  equation  (6)  is  not  very  important 
for  the  primary  planets,  but  it  is  important 
for  the  satellites. 

If  there  were  no  bodies  in  the  universe  but 
the  sun  and  one  planet,  and  if  these  two 
bodies  could  be  regarded  as  mere  particles, 
then  the  preceding  investigations  would 
prove  that  the  planet  must  describe  an 
ellipse  about  the  sun  or  that  each  would 
describe  an  ellipse  about  their  center  of 
gravity,  and  that  this  condition  would  con- 
tinue unchanged  forever.  But,  as  soon  as 
a  second  planet  appears  on  the  scene,  the 
mathematical  precision  of  the  elliptic  orbits 
is  destroyed,  and  the  problem  of  determin- 
ing the  motions  of  the  three  bodies  becomes 
infinitely  more  complex;  this  is  the  Ceunons 
problem  of  the  three  bodies  that  has  engaged 
the  attention  of  a  long  line  of  eminent  mathe- 
maticians from  the  time  of  Newton  to  the 
present  day.  It  would  seem  that  Newton 
verily  lived  and  made  bis  discoveries  in  the 
fulness  of  time,  when  providentially  he 
would  be  followed  by  a  brilliant  constella- 
tion of  mathematicians,  who  could  work 
out  in  detail  the  consequences  of  Newton's 
discoveries.  The  successors  of  Newton — 
Clairaut,  Euler,  B'Alembert,  Lagrange,  and 
Laplace — are  among  the  greatest  men  of 
science  the  world  has  produced. 

The  investigation  of  the  moon's  motion 
brings  us  face  to  face  with  the  problem  of 
the  three  bodies  in  one  of  its  forms.  If  the 
earth  and  moon  were  subject  merely  to  their 
mutual  attraction,  the  moon's  orbit  about 
the  earth  would  be  an  ellipse,  differing  but 
little  from  a  circle.  But  this  convenient  state 
of  afOairs  is  disturbed  by  the  attraction  of 
the  sun.  The  determination  of  the  effect 
of  the  sun's  attraction  in  disturbing  the 
moon's  motion  is  complicated  by  the  fact 
that  the  distances  of  the  earth  and  of  the 
moon  from  the  sun  are  continually  changing, 
and  do  not  vary  according  to  any  simple  law. 
If  Kepler's  first  law  were  true,  the  earth 
would  describe  an  ellipse  about  the  sun;  but 
really  it  is  the  center  of  gravity  of  the  earth 
and  moon  that  endeavors  to  describe  an 
ellipse.  The  motion  of  the  earth  and  moon 
may  be  illustrated  by  fastening  a  large  ball 
and  a  small  one  to  the  ends  of  a  stick,  and 


then  suspending  the  stick  from  a  nail  by  a 
long  string  attached  to  the  stick  at  the  center 
of  gravity  of  the  whole  system  consisting  of 
the  two  balls  and  the  stick.  Then,  if  the 
stick  is  drawn  to  one  side  and  swung  round, 
the  whole  system  will  revolve  as  a  compound 
pendulum  about  the  point  vertically  under 
the  point  of  suspension.  Manifertly,  the 
path  of  one  of  the  balls  is  not  a  simple  curve 
lik^  circle  or  an  ellipse. 

life  moon's  actual  path  is  an  epicycloidal 
curve  intersecting  the  ellipse  described  by 
the  center  of  gravity  of  the  earth  and  moon 
twice  in  every  lunar  month.  The  undula- 
tion of  the  moon's  orbit  is  so  slight  that  if 
the  orbit  were  accurately  drawn  to  a  laige 
scale,  it  would  be  imperceptible  to  the  eye, 
and  could  be  detected  only  by  careful  meas- 
urements. Moreover,  the  moon's  orbit  is 
everywhere  concave  toward  the  sun,  as  may 
be  easily  proved  in  the  following  way:  In 
the  October,  1899,  number  of  "The  Mechanic 
Arts  Magazine,"  we  saw  that,  assuming  the 
earth's  orbit  to  be  circular,  the  centrifugal 
force  per  unit  of  mass  due  to  the  earth's 

orbital  motion  is  —q^-f  and  therefore  the 

centripetal  force  exerted  by  the  sun  on  a 
unit  of  mass  at  a  distance  r  from  the  sun  is 

~~Ti~t  putting  for  T  its  value  in  seconds  and 
for  r  Its  value  in  feet,  we  get 

"~ntj     =  .0194. 

Again,  the  force  exerted  by  the  earth  on 
a  unit  of  mass  at  the  moon  is 

(607  ""  '^^^' 

Therefore,  even  when  the  earth  and  sun 
pull  the  moon  in  opposite  directions,  eadi 
unit  of  the  moon's  mass  is  more  pulled 
toward  the  sun  than  toward  the  earth;  con- 
sequently, the  moon's  orbit  is  everywhere 
concave  toward  the  sun. 

It  is  not  easy  to  give  the  general  reader 
any  distinct  conception  of  the  difficulty  of 
the  problem  of  the  three  bodies.  We  can 
only  explain  that  the  quantities  which  fix 
the  moon's  position  are  to  be  determined  by 
means  of  certain  algebraic  equations,  and 
that  the  construction  of  these  equations 
involves  the  operation  of  integration;  but 
the  quantities  on  which  this  operation  of 
integration  is  to  be  performed  depend  on  the 
moon's  position,  and  so  the  integration  can- 
not be  performed  unless  we  first  know  the 
very  thing  that  is  to  be  determined  by  means 
of  the  integration.  The  solution  of  the  prob- 
lem, therefore,  can  be  attained  only  by  some 
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method  of  Bucceeeive  approximation:  first,  a 
quantity  is  found  that  is  nearly  equal  to  the 
quantity  to  be  determined;  then,  this  first 
approximation  is  used  to  obtain  a  second  and 
closer  approximation;  and  so  on.  The  diffi- 
culty and  complexity  of  the  investigation, 
even  with  .all  the  resources  of  modem 
analysis,  are  so  great  that  none  but  the  very 
greatest  mathematicians  have  been  able  to 
obtain  satisfactory  results.  The  problem  of 
the  three  bodies  in  its  general  form  has 
hitherto  completely  baffled  the  mathema- 
ticians; but  in  the  particular  form  in  which 
it  presents  itself  in  the  lunar  theory  it 
yielded  to  certain  methods  of  approxima- 
tion; and  these  approximations  were  pos- 
sible only  on  account  of  the  orbits  being 
nearly  circular  and  lying  nearly  in  the  same 
plane  and  some  other  favoring  circumstances. 
Lagrange  used  to  say,  "If  nature  had  not 
fftvored  us  in  this  way  there  would  have 
been  an  end  of  the  geometers  in  this  prob- 
lem." The  theory  of  the  planets  and  the 
theory  of  comets  present  the  problem  of  the 
three  bodies  in  different  forms,  but  neither 
in  the  planetary  nor  in  the  cometary  theory 
can  we  employ  the  methods  of  approxima- 
tion that  were  effective  in  the  lunar  theory. 
The  determination  of  the  inequalities  pro- 
duced by  the  attraction  of  the  sun  in  the 
motion  of  the  moon,  or  of  any  satellite,  is  the 
problem  to  which  Newton  devotes  the  sixty- 
sixth  proposition  of  his  Principia.  We  have 
endeavored  to  show  how  this  problem  has 
taxed  the  ingenuity  of  later  mathematicians 
with  all  the  powerful  engines  of  modem 
analysis;  yet,  in  his  sixty-sixth  proposition, 
Newton  attacks  the  problem — ^basing  his 
investigation  on  the  few  simple  principles  he- 
had  already  established,  and  using  only  the 
elegant  methods  of  his  simple  geometry. 
He  not  only  succeeded  in  calculating  the 
principal  lunar  inequalities  then  known,  but 
he  discovered  two  other  inequalities  hitherto 
unknown  and  unsuspected.  For  sixty  years 
after  the  publication  of  the  Principia,  no 
one  was  able  to  carry  the  investigation  any 
further  than  Newton  had  gone;  and  to  this 
day,  no  one,  employing  his  methods,  has 
been  able  to  add  anything  of  value  to  what 
he  had  done.  Clairaut,  deeply  impressed  by 
the  power  of  Newton's  geometrical  methods, 
attempted  to  perfect  the  lunar  theory  by  the 
Newtonian  method;  but  he  was  finally  com- 
pelled to  abandon  geometrical  methods  and 
resort  to  analysis.  The  Newtonian  geometry 
is  a  mighty  weapon  that  none  but  he  could 
wield,  and  men  still  gaze  on  it  in  amaze- 
ment, wondering  what  manner  of  man  he 


was  who  could  use,  lightly  and  easily,  a 
weapon  that  the  greatest  of  his  successors 
could  scarcely  lift. 

Newton  did  not  work  out  all  the  inequali- 
ties of  the  solar  system;  mathematicians  and 
astronomers  have  been  working  at  these 
problems  ever  since,  and  much  yet  remains 
to  be  done;  but  there  is  not  now  a  single 
irregularity  br  inequality  in  the  solar  system 
that  observation  has  become  precise  enough 
to  detect  that  has  not  been  satisfactorily 
explained  and  its  value  accurately  calcu- 
lated on  Newtonian  principles.  Newton 
was  handicapped  in  his  investigation  of 
these  problems  by  the  undeveloped  state 
of  practical  astronomy.  The  publication 
of  Newton's  Principia  placed  theoretical 
astronomy  fax  in  advance  of  practical 
astronomy,  and  little  more  could  be  done  by 
mathematical  astronomers  till  the  practical 
astronomers,  by  the  improvement  of  astro- 
nomical instrumeMts  and  the  accumulation 
of  accurate  observations,  should  be  able  to 
supply  the  data  required  by  the  mathema- 
ticians. 

The  general  statement  of  the  nature  of 
the  inequalities  produced  by  the  sun  in  the 
motion  of  a  satellite,  given  by  Newton  in  the 
sixty-sixth  proposition  of  the  first  book  of 
the  Principia  and  its  twenty-two  corollaries, 
is  one  of  the  clearest  presentations  of  this 
difficult  problem  that  has  ever  been  made. 
When  he  came,  in  the  third  book,  to  apply 
these  general  principles  to  the  lunar  theory, 
and  to  compute  the  amounts  of  the  several 
inequalities,  he  required  certain  data  that 
could  be  ascertained  only  in  an  astronomical 
observatory.  The  Royal  Observatory  of 
England  was  built  and  endowed  in  1676,  by 
King  Charles  II,  at  the  suggestion  of  Sir 
Christopher  Wren,  and  the  Rev.  John 
Flamsteed  was  appointed  first  Astronomer 
Royal.  Flamsteed  proved  himself  a  com- 
petent and  diligent  observer,  and  compiled 
many  useful  astronomical  records.  He  in- 
vented the  exceedingly  valuable  method  of 
drawing  maps  by  projecting  the  surface  of  a 
sphere  on  an  enveloping  cone,  so  that,  when 
the  conical  surface  is  unrolled,  we  have  a 
fiat  map.    He  died  at  Greenwich  in  1719. 

To  Flamsteed,  naturally,  Newton  applied 
for  the  data  he  required.  But  Flamsteed, 
unfortunately,  had  a  very  exaggerated  idea 
of  the  importance  of  his  office;  he  thought  it 
was  a  mighty  condescension  for  a  practical 
astronomer,  with  beautiful  new  instruments 
of  surpassing  accuracy,  to  supply  figures  to  a 
mere  theorist  who  sat  in  his  room  and  fool- 
ishly dreamed  of  discovering  something  from 
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the  hieroglyphics  he  wrote  on  paper.  In 
Baily's  ''Account  of  the  Rev.  John  Flam- 
steed/'  it  is  stated  that  Fiamsteed  wrote  to 
a  correspondent:  '*I  have  determined  to 
lay  these  crotchets  of  Sir  Isaac  Newton's 
wholly  aside."  Newton  received  some 
scanty  information  from  Fiamsteed;  hat  fre- 
quently applied  in  vain  for  records  he 
requir^,  though  he  pointed  out  to  Fiamsteed 
how  much  the  value  of  the  observations 
would  be  enhanced  by  the  theory.  **  If  you 
publish  your  observations,"  Newton  writes 
in  1694,  "  without  such  a  theory  to  recom- 
mend them,  they  will  only  be  thrown  into 
the  heap  of  the  observations  of  former 
astronomers,  till  somebody  shall  arise  that 
by  perfecting  the  theory  of  the  moon  shall 
discover  your  observations  to  be  exacter  than 
the  rest;  but  when  that  shall  be  God  knows; 
I  fear  not  in  your  lifetime,  if  I  should  die 
before  it  is  done.  For  I  find  the  theory  so 
very  intricate,  and  the  theory  of  gravity  so 
very  necessary  to  it,  that  I  am  satisfied  it 
will  never  be  perfected  but  by  somebody 
who  underetands  the  theory  of  gravity  as 
well  or  better  than  I  do."  The  world  might 
be  full  of  magnificently  equipped  observa- 
tories, in  which  expert  and  indefatigable 
observers  might  work  continually  at  nightly 
observation  and  daily  reduction,  to  all 
eternity,  and  yet  they  could  never  arrive  at 
a  true  lunar  theory;  such  a  theory  could  only 
be  discovered  by  a  Newton.  Moreover, 
Newton  did  not  need  the  observations  to 
construct  his  theory;  he  boldly  assumed  his 
theory  on  the  basis  of  the  three  laws  of 
motion  and  Kepler's  three  laws — it  was  a 
pure  speculation^  subsequently  verified  by 
agreement  with  facts;  the  theory  was  formed 
and  Fiamsteed' 8  observations  were  wanted 
to  determine  what  mathematicians  call  the 
constants. 

Baily's  ''Account  of  Fiamsteed,"  alluded 
to  above,  was  published  by  the  British 
Admiralty  for  free  distribution,  and  Mr. 
Baily  was  instructed  to  prepare  a  list  of 
persons  to  whom  the  book  should  be  pre- 
sented. When  the  Lords  of  the  Admiralty 
examined  Mr.  Baily' s  list,  they  found  in  it 
names  of  persons  who,  as  their  lordships 
supposed,  possessed  no  scientific  or  other 
distinctions  that  would  justify  the  presenta- 
tion of  the  book  to  them.  Their  lordships 
directed  their  secretary  to  interview  Mr. 
Baily  on  the  subject;  at  this  interview  the 
secretary  said,  "Mr.  Baily,  their  lordships 
are  of  opinion  that  you  have  included  in 
this  list  names  that  are  not  of  sufficient 


eminence. 


»» 


"  Would  you  kindly  mention  some  of  these 
names?" 

"Well,"  said  the  Secretary,  "here's 
Gauss;  who's  Gauss?" 

"Gauss,  Mr.  Secretary,  is  the  oldest  and 
greatest  living  mathematician." 

"0-o-oh!  Well,  Mr.  Baily,  we  will  see 
about  it,  and  I  will  write  you  a  letter." 

This  letter  expressed  their  lordships' 
approval  of  the  list  The  story  is  worth 
preserving,  for  it  has  an  excellent  moral:  if 
you  are  anxious  for  fame,  seek  it  in  any 
other  field  rather  than  in  that  of  pure 
mathematics.  This  story  is  told  by  Professor 
De  Morgan;  who  also  gives  the  following 
letter,  which  he  found  among  Mr.  Baily' s 
papers: 

8  ASTRONOMKBS'  ROW,  PaRADIBK, 

Febm&ry  14, 1836. 
Dkar  Sib:— I  suppoee  you  hardly  expected  to 
receiye  a  letter  fh>m  me  dated  from  this  place;  bat 
the  truth  it  that  a  gentleman  fit>m  our  street  wai 
appointed  guardian  angel  to  the  American  Treaty, 
in  which  there  is  some  astronomical  question  about 
boundaries.  He  has  got  leave  to  go  back  to  fetch 
some  instruments  which  he  left  behind,  and  I  take 
this  opportunity  of  making  your  acqualntan  ce.  That 
America  has  become  a  wonderful  place  since  I  was 
down  among  you;  you  have  no  idea  how  grand  the 
fire  at  New  York  looked  up  here.  Poor  dear  Mr. 
Fiamsteed  does  not  know  I  am  writing  a  letter  to  a 
gentleman  on  Valentine's  day;  he  is  out  walking 
with  Sir  Isaac  Newton  (they  are  pretty  good  friends 
now,  though  they  do  squabble  a  little  sometimes) 
and  Sir  William  Herschel  to  see  a  new  nebula.  Sir 
Isaac  says  he  can't  make  out  how  it  is  managed;  and 
I  am  sure  I  cannot  help  him.  I  never  bothered  my 
head  about  these  things  down  below,  and  I  d<Ki't 
intend  to  begin  here.  I  have  Just  received  the  news 
of  your  having  written  a  book  about  my  poor  dear 
man.  It's  a  chance  that  I  heard  it  at  all;  for  the 
truth  is,  the  scientific  gentlemen  all  are  somehow  or 
other  become  so  Wicked,  and  go  so  little  to  church, 
that  very  few  of  them  are  considered  fit  company  for 
this  place.  If  it  had  not  been  for  Doctor  Brinkley, 
who  came  here,  of  course,  I  should  not  have  heard 
about  it.  H&  seems  a  nice  man,  but  is  not  yet  used 
to  our  ways.  As  to  Mr.  Halley,  he,  of  course,  is  not 
here;  which  is  lucky  for  him,  for  Mr.  Fiamsteed 
swore  the  moment  he  caught  him  in  a  place  where 
there  are  no  magistrates,  he  would  make  a  sacrifice 
of  him  to  heavenly  truth.  It  was  very  generous  of 
Mr.  F.  not  appearing  against  Sir  Isaac  when  he  came 
up,  for  I  am  told  if  he  had.  Sir  Isaac  would  not  have 
been  allowed  to  come  in  at  all.  I  should  have  been 
sorry  for  that,  for  he  is  a  companionable  man 
enough,  only  holds  his  head  rather  higher  than  he 
should  do.  I  met  him  the  other  day  walking  with 
Mr.  Whiston,  and  disputing  about  the  deluge. 
"Well,  Mrs.  Fiamsteed,"  says  he,  "does  old  poke- 
the-stars  understand  gravitation  yet?"  Now  you 
must  know  this  is  rather  a  sore  point  with  poor  dear 
Mr.  Fiamsteed.  He  says  Sir  Isaac  is  as  crotchety  about 
the  moon  as  ever;  and  as  to  what  some  people  say 
about  what  has  been  done  since  his  time,  he  says  he 
would  like  to  see  somebody  who  knows  something 
about  it  of  himself.  For  it  is  very  singular  that 
none  of  the  people  who  have  carried  on  Sir  Isaac's 
notions  have  been  allowed  to  come  here. 
I  hope  you  have  not  forgotten  to  tell  how  badly 
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Biz  Imm  (ued  'Mr,  Fluniteed  &boQI  that  book.  I 
luve  never  quite  forglTeo  him;  m  for  Mr.  Flknuteed 
be  Mfa  thet  ta  long  u  Sir  Isuo  doea  not  come  toi 
otaerTiUoni  be  doea  not  care  *boul  It,  uiil  tbat  he 
Derer  will  tni«  him  with  »Dy  p«per«  »g»ln  u  long 
u  he  Uvea.  I  (hall  never  forget  what  a  rage  he  wm 
In  wben  Bit  laua  called  him  a  puppy.  Ee  itruok 
tbe  Main  all  tbe  nay  up  with  his  cmtoh.  and  mid 
pQpPT  at  every  itep.  and  all  evening  a«  soon  u 
a  Mar  appeared  In  ibe  telescope  he  called  It  pappy. 
I  coald  nat  tblnk  what  was  tbe  matter,  and  when 
I  aaked  be  only  called  me  puppy. 

I  itaall  be  very  glad  to  see  you  it  you  come  our 
way.  Pray  keep  up  some  appearances,  and  go  to 
cborch  a  little.  Bt.  Peter  la  alwaya  unoommonly 
dvll  to  astronomers,  and  indeed  to  all  selentlflc 
penona,  and  never  botben  ttaem  with  questtons. 
If  they  can  make  ont  anything  al  a  caae,  he  Is  sure 
to  let  them  In.    Indeed,  he  says.  It  Is  perrectly  oat 


of  the  qncfltlOD  eipecting  a  mathematician  to  be  as 
rellgloas  as  an  apo«le.  but  that  It  Is  as  much  as  his 
place  Is  worth  to  let  In  the  greater  number  of  thoee 
who  oome.  80  try  If  yon  cannot  manage  It,  for  I  am 
very  curious  to  know  If  you  found  all  tbe  letters. 


So  for  we  have  endeavored  to  indicate  the 
progreea  of  Newton's  inveetig&tioiiB  op  to 
tbe  end  of  tbe  eleventh  section  of  the  Prin- 
cipia;  up  to  this  point  Newton  treated  all 
the  bodies  as  mere  particles,  and  the  resalte 
are  only  true  In  bo  far  aa  we  can  neglect 
tbe  dimensiona  of  the  bodies  in  comparison 
with  the  distances  between  them. 


THE  GALVANOMETER. 

Jam*a  E.  Boyd, 

What  It  Is  Ubbd  For — Thb  Tangbnt  Galvanoheteb — How  thb  Stesnotii  and  Direction 
OF  AS  Electric  Citrbbnt  Is  Obtainbd. 


AGAXVANOMETER  is  an  instrument 
for  measnriiig  tbe  strei^tb  of  ap 
electric  current  The  name  galvanom- 
«ter  ii  now  most  ttwpiwitiy  applied  to 
instnunenta  for  measuring  small  direct 
-currents.  Instruments  for  measuring  large 
direct  currents  are  usually  graduated  so  as 
to  read  amperes,  and  at«  called  ammetete. 
For  alternating  currenta,  we  nse  altematiog- 
cnrrent  ammeterm  and  dy- 
namometers. All  of  these 
are  types  of  galvanometers. 

The  simplest  galvanometer 
consists  of  a  magnetic  needle 
placed  near  a  coil  of  wire  that 
carries  the  electric  cnirent. 
Tbe  magoet  lies  horizontal 
and  is  free  to  turn  around  a 
vertical  axis  through  its  cen- 
ter. It  may  be  snpported  on  , 
a  pivot  or  it  may  be  sus- 
pended by  a  thread.  Tbe 
magnet  is  generally  placed  ^g 

at  the  center  of  the  coil  of 
wire,  but  it  may  be  above  tbe  coil  or  below  it. 

Then  there  must  be  some  way  of  measur- 
ing the  amount  of  deflection  of  the  needle 
when  the  current  flows  in  the  coil.  This  is 
accomplished  by  placing  a  graduated  scale 
underneath  the  magnet.  In  F^[.  1  we  have 
such  a  galvanometer,  Tbe  needle  and  ita 
scale  form  an  ordinary  compass  placed  at 
the  center  of  tbe  coil  and  the  whole  rigidly 
futened  to  tbe  base.    In  tbe  better  instru- 


ments tbe  base  is  provided  with  three  level- 
ing screws.  The  card  or  scale  beneath  tbe 
instrument  may  be  graduated  in  d^reee  or 
any  other  convenient  way. 

Suppose  we  wish  to  uae  the  inetnunent 
shown  in  Fig.  1.    We  place  it  on  a  table  or 
shelf  and  notice  whether  the  needle  swings 
free.    If  there  is  do  stop  to  bold  it,  we  proba- 
bly find  that  it  does.    If  it  does  not,  we 
look  car«fiilly  and  find  that 
one  end  is  apparently  lower 
than  the  other,    indicating 
that  the   one  side    of   tbe 
instrument  is  too  high.    We 
lower    that   side   until    the 
needle  is  parallel  to  the  scale 
underneath  it.   Whenfr«eto 
more,  the  needle  sets  iteelf 
in  the   magnetic  meridian. 
The  instrument  must  now  be 
turned  until  the  plane  of  its 
coil  is  also  in  the  meridian, 
the  needle  lying  in  one  diam- 
eter of  the  coil. 
Now,  wben  a  current  flows  in  the  coil  we 
have  lines  of  force  through  it,  tbe  direction 
of  which  depends  on  tbe  direction  of  flow 
of  the  current  around  the  coil.    If  the  cur- 
rent flows  in  a  clockwise  direction,  the  lines 
are  away  from  the  observer,  and  the  needle 
is  deflected  around  to  some  position  such  as 
that  represented  by  the  dotted  line. 

We  now  see  the  reason  for  having  the  coil 
iu  the  same  vertical  plane  as  the  needle.    In 
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this  podtioD  iti  linea  of  force  are  horitontal 
sod  at  right  sngjca  with  the  needle,  so  that 
the;  exert  the  greatest  t<av6  to  tarn  it  from 
its  poeition  of  rest 

An  uutrnment  arranged  in  this  way  is 
called  a  langent  golvccnomder,  becaoee  the 
strength  of  the 
corrent  is  propor- 
tional to  the  tan- 
gent of  the  angle 
ofdeflectioa  We 
no,  2,  know  that  when 

two  forces  act  on 
a  body  the  effect  is  the  same  ae  that  dne  to  a 
■ingle  force  called  the  TttuUanl  of  the  two 
forces.  The  size  and  direction  of  this  result- 
ant iflobtained  b;  the  method  of  the  parallel- 
ogram of  forces.  Fromanygivenpointsachas 
0,  Fig.  2,  draw  line  O  X  to  represent  one  force, 
and  another  line  0  F  to  repreeent  the  other. 
The  direction  of  these  lines  are  the  same  as 
the  forces  they  represent,  and  their  length 
proportional  to  the  amount  of  the  forces. 
Complete  the  parallelogram  by  drawing  XZ 
paralleltoOrandl'ZparalleltoOJr.  The 
diagonal  OZ  from  the  point  of  beginning 
rsfireaents  the  resultant  of  the  two  forces. 

Now,  in  the  tangent  galvanometer,  we 
have  ttke  earth's  magnetism  pulling  north 
on  the  north  pole  of  the  needle,  and  that 
due  to  the  coil  palling  east  or  west,  as  the 
case  ma;  be. 

Suppose  the  force  due  to  the  earth  is  20 
and  that  due  to  the  coil  is  10.  We  repre- 
sent the  first  by  the  tine  ON,  Fig.  3,  and  the 
second  by  the  line  0  E,  one-half  as  long  as 
the  first.  The  line  OZgives  thedirectionthe 
needle  tends  to  point,  and  the  angle  between 
N  O  and  Z  0  is  the  angle  of  deflection. 

If,  now,  the  current  in  the  coil  is  made 
three  times  as  great,  the  force  will  be  repre- 
sented by  OF,  which  ia  three  times  as  long 
as  OE,  and  the  resultant  by  OZ'.  The 
angle  deflection  Z'ONia  not  three  times  as 
great  aa  ZON,  but  its  tangent  is  exactly 
three  times  as 

The  tangent  of 
an  angle  isdeflned 
OS  the  ratio  of  the 
side  of  a  right- 
angled  triangle 
opposite  the 
angle  to  the  side 
adjacent  to  the  same  angle.  HeieNZ  oppo- 
site the  angle  NOZie  one-half  of  N 0,  and 
the  tangent  of  A'  0  Z  is  }.  In  the  same  way 
thetongentof  J/OZ' is  JVZ' divided  by  ON, 
OF  I,  which  is  three  times  that  of  NO  Z. 


If  we  wish  to  use  a  tangent  galvanometer 
to  find  how  many  times  one  current  is  greats 
than  another,  we  must  measure  their  angles 
of  deflection  and  determine  their  tangents 
either  from  a  tangent  table  or  by  construct- 
ing the  triangles. 

A  good  tangent  galvanometer  has  a  com- 
paratively large  coil  and  a  very  short  needle. 
This  is  on  account  of  the  fact  that  the  force 
around  the  coil  varies,  and  it  is  necessary  to 
have  the  needle  remain  in  a  field  of  constant 
strength  as  it  swings  about. 

In  order  to  have  a  large  open  scale  with 
such  a  needle  it  is  customary  to  bsten  to  it 


at  right  angles  a  long  light  : 
pointer  like  that  shown  in  the  instrument 
of  Fig.  4.  When  a  galvanometer  for  greater 
sensitiveness  has  asmall  coil  close  to  the 
magnet,  it  is  often  provided  with  a  pointer. 
The  magnet  is  partly  hidden  by  the  coil, 
while  the  pointer  at  right  uiglee  to  it  comes 
out  so  that  it  may  easily 
be  read. 

The  question  may  be 
asked:  What  is  the 
eflect  of  the  strength  of 
the  magnet  poles  on  the 
angle  of  deflection  of 
the  needle?  The  an|^e  ' 
is  the  same  whatever 


tion  at  the  pivot  If 
the  pole  strength  is  doubled  the  pull  dne 
to  the  earth's  field  is  doabled  and  that  dne 
to  the  coil  is  also  doubled,  so  that  the  reanlt- 
ant  force  has  the  «affl«  dtrcctton  as  before. 
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though  it  i&  twice  as  great.  The  position  at 
which  the  needle  tends  to  come  to  rest  is  the 
same  whatever  its  pole  strength. 

Suppose  0  A,  Fig.  5,  represents  the  direc- 
tion of  the  resultant  force,  and  the  position 
to  which  the  needle  would  come  if  there 
were  no  friction.  If  there  is  considerable 
friction,  the  needle  may  stand  at  B  or  at  C 
or  anywhere  between  them.  The  greater 
the  friction  and  the  weaker  the  magnet,  the 
farther  will  these  points  be  from  A^  and  the 
more  inaccurate  the  readings.  If  the  needle 
moves  up  from  N  towards  A  very  slowly, 
it  may  stop  at  B,  If  it  comes  up  quickly, 
its  momentum  may  carry  it  beyond  A  or 


beyond  (7.  When  there  is  considerable  fric- 
tion it  is  advisable  to  take  two  readings,  one 
with  the  needle  going  in  one  direction  and 
the  other  with  it  going  in  the  other  direc- 
tion, at  each  reading  tapping  gently  on  the 
base  of  the  instrument  to  shake  the  needle 
down,  as  it  were,  to  its  position  of  rest.  The 
average  of  these  two  readings  may  be  taken 
as  the  correct  one. 

Do  not  tap  the  glass  cover  of  such  a 
galvanometer,  for  the  friction  of  the  hand 
on  the  glass  often  produces  a  charge  of 
static  electricity  on  the  glass,  which  attracts 
the  needle  or  pointer  and  changes  the 
results. 
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Charactbristics  Masking  Its  Advent — Supposed  Causes  of  the  Season — ^Thb  Thboby  That 

AcxjouNTB  FOR  All  Itb  Peculiaritibs. 


THE  beautiful,  warm,  balmy,  hazy  days 
that  often  succeed  the  first  sharp 
frx)sts  of  early  autumn  have  been 
called  by  the  poetic  name  of  Indian  summer. 
The  duration  of  this,  the  most  delightful 
period  of  the  year,  varies  indefinitely  from 
year  to  year.  Its  advent  is  as  irregular  as 
the  early  frosts.  The  only  constant  factor 
in  the  problem  of  its  production  seems  to  be 
that  it  invariably  follows  the  first  and 
almost  unexpected  frost  in  the  early  days  of 
the  fall.  The  cause  of  the  heat  developed 
during  this  period,  giving  to  the  air  its  soft 
balmy  warmth  and  the  delicate  haze  that 
hangs  in  the  tranquil  atmosphere,  has  been 
the  subject  of  much  speculation. 

It  has  been  held  by  some  that  the  great 
forest  fires,  which  are  generally  more  numer- 
ous at  the  end  of  a  hot  dry  sunmier,  culmi- 
nate in  this  short  but  beautiful  season.  The 
smoky  air  consequent  upon  the  burning  of 
so  many  myriads  of  trees  and  such  large 
quantities  of  underbrush  is  thought  to 
account  for  the  bluish  haze  noticed  at  this 
time.  The  true  haze  of  Indian  summer  is 
not  smoke  at  all,  however  mild  and  diffused 
it  may  appear  to  be.  If  this  theory  of  the 
production  of  these  warm  days  is  correct,  we 
would  expect  them  to  have  no  connection 
with  the  first  sharp  frost  of  the  fall.  If  due 
to  combustion  in  any  form,  the  smoky  atmos- 
pheric haze  would  not  disappear  with  the 
advent  of  the  subsequent  and  more  severe 
frosts  of  the  late  fall.    If  due  to  forest  fires, 


the  smoky  air  would  last  until  the  fires 
had  been  actually  quenched  by  the  winter 
snows.  We  would,  upon  this  hypothesis, 
have  Indian  summer  only  in  years  prolific  in 
forest  fires,  and  we  would  also  have  more 
pronouncedly  warm  days,  and  more  of  them, 
too,  in  the  autumn  of  those  years  in  which 
the  fires  had  raged  most  fiercely.  The  fact, 
however,  is  that  Indian  sunmier  often  comes 
upon  us  in  years  when  there  have  been 
almost  no  forest  fires.  The  phenomena  are 
immediately  preceded,and,  indeed,  produced, 
by  the  first  frosts  of  fsJl,  and  are  entirely 
destroyed  by  the  subsequent  sharp  frosts. 
The  forest-fire  theory  does  not  seem  to  satis- 
factorily explain  all  the  facts. 

It  has  been  argued  by  others  that  the 
freezing  of  the  great  bodies  of  water  in 
northern  latitudes  is  a  cause  competent  to 
produce  what  we  call  Indian  summer.  The 
freezing  of  water  certainly  does  liberate  heat 
in  very  great  quantities.  Paradoxical  as 
it  may  seem,  the  advent  of  cold  weather 
does  actually  call  forth,  as  it  were,  a  protest 
from  Nature  in  the  shape  of  an  immense 
volume  of  heat  given  out  as  if  to  fight  the 
power  of  the  Frost  King. 

Water  at  ordinary  temperatures  contains 
a  large  amount  of  heat.  The  unit  of  heat, 
as  known  to  science,  is  the  quantity  required 
to  raise  one  pound  of  pure  water  through 
one  degree  of  temperature,  measured  on  the 
Fahrenheit  thermometer.  This  amount  of 
heat  is  called  a  British  thermal  unit.    It  is 
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not  temperature  at  all,  but  a  definite  quan- 
tity of  heat  In  order  to  dearly  understand 
the  quantity  of  beat  contained  in  water,  it 
is  only  neoeesary  to  consider  for  a  moment 
a  very  simple  experiment.  At  the  border 
temperature  between  melting  and  freezing, 
viz.,  32^  F.,  a  block  of  ice  weighing  one 
pound  will  require  one  pound  of  water,  at 
a  temperature  of  176°  F.,  to  melt  it.  After 
the  hot  water  has  been  poured  upon  the  ice 
there  will  be  two  pounds  of  water,  the 
whole  mass  standing  at  32°  F.  A  thermom- 
eter dipped  into  the  two  pounds  of  water  will 
show  the  same  temperature  that  the  ice  regis- 
tered, that  is,  32°  F.  The  heat  contained  in 
the  hot  water  has  disappeared — it  has  become 
latent,  as  it  is  termed.  Its  energy  has  been 
employed  in  breaking  up  the  crystals  of  the 
ice.  It  has  done  internal  work  by  forcing 
the  molecules  of  the  ice  apart,  and  compel- 
ling them  to  assume  the  liquid  state.  This 
heat  of  liquefaction,  though  stored  up  in  the 
water,  is  not  sensible  to  the  thermometer. 

Water  will  retain  this  quantity  of  heat  so 
long  as  it  remains  water.  It  may  become 
warmer,  and  when  it  does  it  may  be  made 
to  show  its  heat,  but  it  can  never  part  with 
this  stored  up,  or  latent,  heat  without  at 
once  becoming  ice.  When  a  pound  of  water 
freezes  it  gives  up  144  British  thermal  units. 

This  heat  of  liquefaction,  suddenly  liber- 
ated from  the  millions  of  freezing  pounds  of 
water  in  our  great  lakes,  is  poured  upon  the 
air  in  enormous  quantities.  The  freezing  of 
water,  however,  even  in  large  volume,  does 
not  produce  the  haze  in  the  atmosphere 
that  is  one  of  the  concomitants  of  Indian 
summer.  This  theory  of  the  freezing  of 
great  bodies  of  water  is,  therefore,  when 
weighed  in  the  balance  of  scientific  inquiry, 
found  to  be  wanting  in  its  endeavor  to 
fully  account  for  the  erratic  recurrence  of 
this  season.  It  fails  to  show  any  cause  for 
one  of  the  physical  conditions  here  so  appar- 
ent. If  Indian  summer  depended  on  the 
freezing  of  water,  then  countries  having 
large  bodies  of  fresh  water  would  experience 
that  season  of  warmth  and  haze  with  perfect 
regularity.  Perfect  regularity  in  the  appear- 
ance of  Indian  summer  we  have  not;  and 
the  freezing  of  water  will  in  no  way  account 
for  the  hazy  atmosphere.  If  this  theory 
were  tenable,  the  absence  of  large  forest 
areas  would  not  prevent  Indian  summer 
from  visiting  those  lands.  It  is,  however,  to 
the  ** forest  primeval"  that  we  must  look 
for  the  cause  of  our  hazy  and  warm  season. 

A  theory  brought  out  by  Mr.  G.  W.  John- 
son, of  Toronto,  Canada,  accounts  for  both 


the  warmth  of  the  weather  and  the  soft  haze 
in  the  atmosphere.  He  explains  that  Indian 
summer  is  the  result  of  the  action  of  the  first 
frost  that  nips  the  thick,  fleshy,  juicy  leaves 
of  our  forest  trees,  and  strews  them  upon 
the  ground  before  they  have  dried  and 
withered  on  the  branches. 

An  idea  of  the  enormous  aggregate  ton- 
nage of  these  moist  and  sappy  leaves  that 
fall  in  the  autumn  may  be  gained  by  quoting 
here  the  words  of  Mr.  F.  Schuyler  Mathews, 
given  in  "Popular  Science  Monthly,"  for 
October,  1896.  He  says:  "  I  have  estimated 
that  a  certain  sugar  maple  of  large  propor- 
tions, which  grows  near  my  cottage,  puts 
forth  in  one  season  about  four  hundred  and 
thirty-two  thousand  leaves;  these  leaves 
combined  present  a  surface  to  sunlight  of 
about  twenty-one  thousand  six  hundred 
square  feet,  or  an  area  equal  to  pretty  nearly 
half  an  acre." 

A  rough  calculation  made  by  the  writer 
would  suggest  that  this  tree  may  be  supposed 
to  have  cast  upon  the  ground  about  one 
thousand  three  hundred  pounds  of  leaves, 
or  at  least  over  half  a  ton.  It  will  easily 
be  seen  that  the  billions  of  leaves  dropped 
from  the  myriads  of  trees  in  the  huge  forest 
areas  of  this  continent  must  pile  up  many 
thousand  tons  of  vegetable  matter,  deposited 
on  the  ground  while  in  full  vigor  and  filled 
with  the  juices  and  sap  of  life.  This  mass  of 
matter,  severed  from  the  parent  trees,  begins 
immediately  to  decay.  Mr.  Johnson' s  theory 
asserts  that  a  process  of  fermentation  is  at 
once  set  up  that  gives  off  heat  in  large  quan- 
tities, and  at  the  same  time  liberates  car- 
bonic acid  and  watery  vapor.  The  heat 
given  ofl*  by  the  simultaneous  decay  of  so 
many  tons  of  forest  foliage  will  account  for 
the  warmth  experienced  at  this  season.  The 
exhalation  that  rises  from  the  leaves  as  they 
decay  is  sufficient  to  explain  the  appearance 
of  the  delicate  haze  that  hangs  in  the  air. 

From  this  it  will  be  seen  why  it  is  that  in 
some  years  there  is  little  or  no  Indian  sum- 
mer. If  the  leaves  remain  on  the  trees  until 
dry  and  withered,  unattacked  by  an  esaly 
frost,  they  fall  with  no  more  power  to  fer- 
ment than  so  many  sheets  of  dry  paper.  If, 
on  the  other  hand,  the  frosts  of  autumn 
should  be  so  frequent  and  so  severe  as  to 
arrest  the  process  of  fermentation  before  it 
has  well  begun,  no  Indian  sunmier  will  be 
noticed.  A  strong  cold  wind  or  sharp  frosts 
will  destroy  fermentation  after  it  has  gone 
on  for  some  time,  and  so  put  an  end  to  the 
warm  hazy  days.  Mr.  Johnson's  theory, 
though  not  stated  verbatim  here,  accounts 


THE  ARCHED  STEEL  TRUSS, 


599 


for  the  phenomena  in  a  satis&ctory  way. 
As  forest  fires  destroy  oar  trees,  and  as 
the  clearing  of  farm  lands  and  the  rapacious 
man  of  the  sawmill  eat  away  our  forest 
areas,  there  will  be  shorter  and  less  clearly 
marked  periods  of  Indian  summer.  Coun- 
tries in  which  there  are  pine,  spruce,  and 
other  trees  that  do  not  produce  large  fleshy 
leaves,  have  no  such  pleasant  season.  Some 
years  give  us  no  Indian  summer;  some 
produce  but  a  few  such  days;  while 
others,  more  propitious,  favor  a  duration 


of  from  two  to  three  weeks,  or  even  longer. 
The  name  Indian  summer  is  peculiarly 
appropriate,  as  the  season  is  the  direct  prod- 
uct of  the  forest — ^the  original  home  of  the 
Indian;  and  as  that  race  gives  way  slowly 
and  silently  before  the  advance  of  the  white 
man,  so  in  time  will  the  forest  disappear 
before  our  advancing  civilization,  and  the 
warm,  beautiful  Indian  summer — ^that  ex- 
quisite twilight  of  the  seasons — will  as 
silently  vanish  as  the  race  with  which  its 
name  is  so  poetically  associated. 


THE  ARCHED  STEEL  TRUSS. 


Sjjow-  AND  Wind-Load  Diagrams. 


I  enclose  a  sketch,  Fig,  l^for  a  proposed  truss,  or 
arch,  supporting  the  roof  of  a  hockey  and  curling 
rink,  and  would  ask  you  to  kindly  show  how  the 
stresses,  due  to  tJie  wind  pressure  and  snow  load, 
may  he  determined.  I  tvould  like  you  to  give  the 
graphical  methods  of  solution,  and,  in  consider- 
ing the  snow  load,  to  assume  that  it  occurs  upon 
one  slope  of  the  roof  only,  the  other  side  having 
been  cleared  off.  I  would  add  that  the  daily 
m^ea^suremerUs  of  snowfall  at  this  place  during 
the  winter  aggregate  over  6  feet,  umghing,  in  this 
condition,  15  pounds  per  cubic  foot. 

D,  J.  McL.,  Sandow,  B.  C. 

The  determination  of  the  stresses,  on  the 
truss  indicated  by  our 
inquirer  in  Fig.  1,  offers 
littie  difficulty  to  solution 
when  the  connections  at 
the  crown  and  spring  are 
hinged  or  pin-connected. 
If,  however,  they  are  not, 
the  problem  becomes  troub- 
lesome and  the  demonstra- 
tion too  lengthy  for  the 
space  at  our  disposal. 

It  is  to  be  assumed  from 
the  shape  of  the  truss  at  the 
springing  points  that  it  is 
pin-connected,  and  as  the  inquirer  marked 
the  apex  of  the  truss  *'  slip  connection,"  it  is 
evident  that  the  intention  is  to  provide  a 
pin  at  the  point  a  as  well.  The  members 
assembled  at  the  apex  b  are,  therefore,  so 
constructed  that  there  will  be  no  rigidity  at 
that  point,  and  the  truss  will  be  free  to 
deflect  under  its  load,  and  free  to  expand  or 
contract  with  the  changes  of  temperature. 
Rollers  are  also  provided  at  the  right-hand 
spring  of  the  truss  to  further  facilitate  the 
movement  of  expansion  and  contraction. 


Since  the  truss  is  fr'ee  to  move  in  the  direc- 
tion of  its  plane,  the  connection  c  must  not 
be  rigid,  as  some  movement  would  take 
place  at  this  point.  Probably  the  best 
construction  to  employ  would  be  to  sup- 
port the  roof  of  the  annex,  not  upon  the 
main-truss  members,  but  upon  independent 
columns  erected  dose  to  the  main  trusses. 

The  problem  based  on  the  above  assump- 
tions offers,  as  previously  stated,  little  diffi- 
culty to  solution,  and  consists  principally  in 
determining  the  external  forces  acting  upon 
the  truss.  These  external  forces  consist 
of    the   loads   upon    the   roof  and    their 


"b  i/iB  CQnnc^rion. 


One  Ouarftr  Pitch 
Roof 
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Fig.  1. 


accompanying  reactions,  and  they  must 
fulfil  the  condition  of  equilibrium,  namely, 
that  the  algebraic  sum  of  the  moments  about 
any  point  must  equal  zero. 

The  snow  load  upon  the  roof,  owing  to 
the  climate  in  which  the  building  is  located, 
is  greater  than  it  is  usual  to  assume,  and 
60  pounds  per  square  foot  will  not  be  exces- 
sive. The  trusses  are  placed  20  feet  from 
center  to  center;  therefore,  the  panel  loads, 
in  round  numbers,  will  be  as  designated  in 
Fig.  2,  which  is  the  frame  diagram  for  the 
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Bnow  load  on  one  side  of  the  root  In  refer- 
ring to  this  figure  it  wUl  be  observed  that 
the  load  AB  \a  considerable;   for,  besides 


Pio.  2. 


the  half  panel  load  of  the  truss,  the  load 
apon  one-half  of  the  annex  roof  has  been 
added  thereto.  This  is  done  to  simplify 
matters,  and  it  is  reasonable,  because  it  will 
be  economy  to  make  the  member  A  F  the 
same  section  throughout  its  entire  length. 

The  reactions  Ri  and  iZ,,  in  the  frame 
diagram  for  the  snow  load,  may  readily  be 
determined  by  regarding  the  entire  truss 
as  a  simple  beam,  and  calculating  by 
the  method  of  moments.  The  sum  of  the 
moments  of  the  panel  loads  about  the 
reaction  iS,  equals: 

14,000  X  10  =    140,000 

14,000  X  20  =    280,000 

14,000  X  30  =    420,000 

7,000  X  40  =    280,000 

1,120,000 
The  reaction  R^  equals  the  sum  of  the 
moments  divided  by  the  perpendicular  dis- 
tance between  Ri  and  R^,  which  is  the  span 
of  the  truss.  Thus,  1,120,000  ^  80  =  14,000 
pounds,  the  value  of  R^. 

In  further  treatment  of  the  truss  the  right- 
hand  section  is  disregarded,  only  that  portion 
to  the  left  being  considered.  Since  the  sum 
of  the  reactions  on  any  structure  in  equilib- 
rium must  equal  the  sum  of  the  loads,  Ri 
may  be  found  by  deducting  R^^  14,000  poundp, 
from  the  sum  of  the  loads,  68,000  pounds, 
which  gives  54,000  pounds.  In  order  that 
the  vertical  reactions  shall  equal  the  vertical 
loads,  an  upward  reaction  R^  must  be  pro- 
vided at  the  crown.  This  reaction  equals 
the  vertical  shear  at  this  point,  and,  since 
there  is  no  load  occurring  between  the  right- 


hand  reaction  R^  and  the  point  in  question, 

the  amount  of  1^  equals  R^^  or  14,000  pounds. 
The  vertical  loads,  besides  creating  vertical 

reactions,  owing 
to  the  shape  of 
the  truss,  produce 
equal  and  oppo- 
site horizontal 
thrusts  at  the 
crown  and  spring- 
ing points.  To 
determine  the 
amount  of  these 
horizontal  reac- 
tions, calculate  by 
the  method  of 
moments  the  hor- 
izontal force  re- 
quired at  the 
crown  to  produce 
equilibrium,  con- 
sidering the  pin- 
connection  at  the 

springing  points  as  the  center  of  moments. 

This  calculation  will  be  as  follows: 
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R, 


14,000  X  10 

14,000  X  20 

14,000  X  30 

7,000X40 


140,000 
280,000 
420,000 
280,000 


1,120,000 
Deducting  from  this  amount  14,000 

X  40,  or  560,000,  there  remains  560,000. 
The  reaction  Rt  resists  this 

moment  through  a  lever  arm 

equal  to  the  perpendicular  dis- 
tance from  the  center  of  mo- 

ments  at  i^  to  its  line  of 

action,   and   equals, 

case,  560,000  -i-  36.75,  or 

pounds.     The 

thrust  at  the 

spring  of  the  truss 

may  be  resisted 

by  the  foundation 

acting  as  an  abut- 

ment,   or  by   a 

tension    member 

connecting  the 

springing    points 

of  the  truss.    In 

this  case,  as  the 

trusses  are  on 

rollers,  they  must 

be  held  against 

spreading  by  tie- 
rods,  which  are 

convenient  to  run 

under  the  floor  of  the  rink.    The  stress  in 

these  rods  is  equal  to  the  thrust  at  the  crown. 
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or  15,238  pounds,  and  conBtitutee  the  reac- 
tion R^. 

All  the  external  forces  and  reactions  hay- 
ing been  obtained,  the  stress  diagram  for  the 
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Fig.  4. 

snow  load,  shown  in  Fig.  3,  may  be  drawn 
in  the  usoal  manner;  that  is,  lay  off  the 
load  line  a  be,  etc.,  and  mark  upon  it  the 
distances  ab,  he,  cd,  etc.,  which  represent 
to  some  convenient  scale  the  amount  of  the 
loads  A  Bf  B  Cf  CD,  etc.,  respectively. 
Then  mark  the  distances  m  o,  o  n,  n  z,  and 
z  a,  equal,  by  scale,  to  the  reactions  M  0, 
0  N,  N  Z,  and  Z  A,  respectively.  The  poly- 
gon of  external  forces  may  then  be  traced 
from  a  to  6,  from  6  to  c,  from  c  to  d,  from 
d  Xoe,  from  e  to  m,  from  m  to  o,  from  o  to  n, 
frt>m  n  to  2,  and  from  z  back  to  a,  the  start- 
ing point 

The  lines  in  the  stress  diagram  representing 
the  stresses  in  the  members  of  the  truss  may 
now  be  delineated  by  commencing  at  the 
lower  left-hand  joint  of  the  truss.  For 
instance,  the  point  n  in  the  stress  diagram  is 
already  determined,  and  by  drawing  a  line 
from  n  parallel  to  i^  ^  in  the  frame  diagram, 
the  point/  will  be  located  at  its  intersection 
in  the  vertical  load  line.  Thus  will  all  the 
stresses  about  the  joint  be  determined,  and 
the  polygon  of  forces  will  be  from  a  to  /, 
from/  to  n,  from  n  to  r,  and  from  z  back  to 
ckj  the  starting  point.  Proceed  thus  around 
all  the  joints,  always  drawing  the  lines  in 
the  stress  diagram  parallel  to  the  members 
they  represent,  and  checking  the  polygon  of 
forces  around  the  joints  to  see  that  they 
dose.  The  stresses  may  then  be  scaled  from 
the  stress  diagram  and  tabulated.  The  kind 
of  stress,  that  is,  whether  compressive  or 
tensile,  is  determined  by  the  direction  in 
which    the  forces    act.    Forces    that    act 


toward  a  joint  produce  compressive  stress  in 
the  member,  and  those  that  act  away  from  a 
joint  create  tensile  stress* 
The  determination  of  the  external  reactions 
on  the  truss,  due  to  the  pres- 
sure of  the  wind,  is  somewhat 
complicated  by  the  tilting  tend- 
ency of  the  horizontal  action 
of  the  wind  on  the  vertical 
side  of  the  truss.  This  tilting 
or  overturning  effect  produces 
a  lifting  at  the  windward  side 
and  a  corresponding  depres- 
sion at  the  leeward  side,  which 
produces  a  vertical  downward 
reaction  at  one  end  and  a  ver- 
tical upward  reaction  at  the 
other. 

These  reactions  are  as  at  i^ 
and  i^e.  Fig.  4,  and  may  be 
figured  by  considering  the 
moment  of  the  horizontal 
wind  pressure  about  the  left- 
hand  springing  point  of  the  truss.  The  force 
A  B  includes  the  load  upon  one-half  of  the 
exposed  vertical  surface  of  the  annex  as  well 
as  the  pressure  upon  the  lower  half  of  the 
member  BJ,  CB  being  the  horizontal  pres- 
sure upon  the  upper  half  of  that  member. 
The  horizontal  force  of  the  wind  is  taken, 
in  all  cases,  at  40  pounds  per  square  foot  of 
vertical  surface;  tiie  calculation,  in  order  to 
determine   the  reactions  R^  and  12^,  is  as 
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follows: 


2,800  X  24.75  =    69,300 
7,200  X  18       =  129,600 


198,900 
Dividing  the  sum  just  obtained  by  the 
perpendicular  distance  between  R^  and  the 


Sca/e  -i^  ^/OOO/Jb, 
Wind  Load  D/a^r€9m. 
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center  of  moments  R^,  in  this  case  equal  to 
the  span,  or  80  feet,  gives  2,486. 

The  horizontal  wind  forces  also  create  a 
horizontal  reaction,  which,  since  the  right- 
hand  end  of  the  truss  is  on  rollers,  will  be 
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assumed  as  acting  at  the  windward  springing 
point  of  the  trass.  This  reaction  is  the  force 
UA,  and  is  equal  to  the  sum  of  the  hori- 
zontal wind  loads,  or  10,000  pounds.  The 
right-hand  end  of  the  truss  is  on  rollers, 
and  hence  the  reaction  at  this  point  will  be 
vertical  and  may  be  calculated  by  the  method 
of  moments,  thus: 

2,700X11  =  29,700 
6,400X22.17  =  119,718 
5,400  X  33.34  =  180,036 
5,400  X  44.51  --=  240,364 
2,700  X  66.68  =  160,336 

720,144 
Dividing  this  amount  by  the  span,  80  feet, 
as  previously  explained,  the  upward  vertical 
reaction  i?„  at  the  right-hand  end,  equals 
9,002.  The  upward  vertical  reaction  iS,,  at 
the  crown  of  the  truss,  equals  the  vertical 
reaction  at  the  right-hand  support,  which  is 
the  sum  of  R^  and  i^e,  or  11,488. 
The  horizontal  thrust  at  the  crown,  and 


the  stress  in  the  tie-rods,  due  to  the  wind 
loads,  must  now  be  obtained,  and  may  be 
calculated  as  follows:  The  sum  of  the  mo- 
ments of  the  oblique  forces,  around  the 
center  of  moments  at  R^^  equals  720,144,  and 
the  sum  of  the  moments  of  the  horizontal 
forces  equals  198,900.  Adding  these,  because 
they  act  around  the  center  of  moments  in 
the  same  direction,  there  results  919,044. 
From  this  amount  it  is  necessary  to  deduct 
the  moment  of  the  reaction  R^  about  the 
same  center  of  moments.  This  moment 
amounts  to  459,520,  and,  by  deducting  it 
from  919,044,  there  results  459,524.  Dividing 
this  by  36.75,  the  reaction  /?« equals,  approx- 
imately, 12,604  pounds;  this  is  also- the  stress 
in  the  tie-rods  forming  the  member  S  Z. 

The  external  forces,  due  to  the  wind,  are 
thus  determined,  and  all  that  remains  is  to 
draw  the  stress  diagram,  Fig.  5,  which  is 
accomplished  in  the  same  manner  as  that 
for  the  snow  load. 


A  GOOD  HOME-MADE  PACKING. 


G.  E.  Deeler,  KingBton,  Jamaica. 


PRESUMING  that  many  of  your  readers, 
myself  included,  are  greatly  benefited  by 
the  freely  given  practical  experience  of 
others,  that  they  get  through  your  columns, 
I  venture  to  give  my  experience  with  piston- 
rod  and  valve-stem  packing,  hoping  that 
my  experience  will  benefit  others.  Every 
engineer  knows  what  a  disagreeable  and 
extravagant  thing  a  leaking  stuffingbox  is. 
I  do  not  believe  that  there  is  any  packing 
yet  invented  that  will  give  satisfaction  on  a 
rough  rod  or  stem;  hence,  these  must  be  put 
in  good  order  before  proceeding  further. 
This  done,  I  take  round  asbestos  packing 
just  one  size  larger  than  the  distance  from 
the  top  of  the  rod  to  the  top  of  the  stuffing- 
box  (inside);  that  is,  if  this  distance 
measures  I  inch,  I  use  1-inch  packing  cut  to 
the  right  length  to  go  around  the  rod.  A 
sufficient  number  of  pieces  should  be  cut  off 
to  make  two  sets  of  rings  for  each  stuffing- 
box.  All  the  rings  are  wrapped  with 
ordinary  white  cotton  twine,  about  6  turns 
to  the  inch.  Lamp  wick  may  be  used,  but  it 
must  be  wrapped  much  closer  than  the 
twine.  Now  place  all  the  rings  in  any  con- 
venient vessel  and  cover  them  with  good 
cylinder  oil,  to  which  a  liberal  allowance  of 
good  graphite  has  been  added.  Put  the 
vessel  on  a  fire  and  stir  the  contents  thor- 


oughly, allowing  the  oil  to  boil.  Now  take 
the  venel  off  the  fire  and  let  it  cool  slowly. 
When  cool,  the  packing  is  ready  for  use. 
Put  it  in  the  same  as  any  other  packing,  but 
do  not  screw  the  gland  very  hard  against  it 
until  the  engine  is  running,  when  you  may 
screw  it  up  gradually  until  there  is  no  leak. 
Use  one  set  for  two  weeks;  then  remove  it 
and  boil  it  in  oil  and  graphite  again,  using 
the  second  set  for  two  weeJcs.  If  it  becomes 
ragged  at  any  time,  rewrap  it  with  twine. 

The  life  of  the  packing  depends  upon  the 
condition  of  the  rod  and  its  speed.  In  a 
Mcintosh  and  Seymour  tandem  compound 
condensing  engine  of  150  horsepower,  run- 
ning 12  hours  a  day  at  276  revolutions  per 
minute,  two  sets  of  this  packing  lasted  me 
12  months.  I  then  passed  the  old  packing 
to  the  smaller  stuffingboxes,  and  finally  used 
it  for  the  globe-valve  stems.  I  have  also 
used  it  in  an  Armington-Sims  non-condens- 
ing engine  with  equally  good  results.  I 
have  been  using  it  for  the  past  7  years,  and 
I  have  no  desire  for  anything  better.  My 
rods  have  a  beautiful  dark -brown  gloss,  and 
are  as  smooth  as  a  looking  glass. 

This  scheme  may  be  old  to  most  of  your 
readers,  yet  if  there  is  one  who,  never 
having  tried  it,  will  give  it  a  fair  trial,  I  am 
sure  he  will  say  it  is  good. 
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H.  Rolfe. 


Antiquity  of  Chains — Thbir  Gkneral  Utility,  Ductility,  and  Strength — Conditions, 
Favorable  and  Otherwise,  Under  Which  Chains  Usually  Work, 


CELAINS  have  been  in  uee  from  the  earliest 
times  of  which  we  have  any  record; 
even  in  early  Bible  history  they  are 
mentioned  as  being  used  both  for  ornament 
and  for  utility.  In  the  days  of  Joseph  the 
chain  was  a  badge  of  office,  as  it  is  to  this 
day  in  some  countries,  and  at  about  the 
same  period  the  people  occasionally  indulged 
in  the  habit  of  ''binding  their  kings  in 
chains  and  their  nobles  in  links  of  iron." 
The  earliest  mention  of  chains  in  literature 
is,  we  believe,  concerning  their  use  for  moor- 
ing or  anchoring  ships.  They  were  also  used 
as  ornaments  for  tiie  wrists,  ankles,  etc., 
being  in  that  case  made  of  silver,  brass,  and 
other  metals. 

Since  ropes,  the  equivalent  of  chains,  are 
found  everywhere,  even  if  only  made  of 
grass  or  skins,  it  is  &ir  to  assume  that  the 
need  of  chains  was  felt  even  in  the  earliest 
times,  and  that  as  soon  as  men  began  to 
work  in  metal  they  fashioned  them  from  it. 

The  word  chain  is  very  comprehensive, 
ranging  from  the  smallest  toy  chains,  in 
which  there  may  be  50  or  60  links  to  the 
inch — the  whole  weighing  but  a  couple  of 
grains — up  to  the  heaviest  chain  cables,  made 
out  of  iron  3  inches  or  more  in  diameter,  and 
having  a  strength  of  200  tons  and  upwards. 

We  could  not  very  readily  conceive  of 
engineering  operations  being  carried  on 
without  the  aid  of  chains  or  ropes.  True, 
in  some  engineering  works,  sling  chains  are 
now  dispensed  with  in  lifting  heavy  loads 
—  plates,  for  instance  —  electricity  being 
employed  instead.  Any  one  that  has  had 
anything  to  do  with  slinging  big  boiler 
plates,  for  lifting,  knows  they  are  not  the 
handiest  of  things  to  run  up  and  down  a 
shop.  But  nowadays  a  large  magnet  hang- 
ing from  the  crane  is  lowered  to  the  plate 
and,  the  current  being  turned  on,  the  crane 
lifts  up  and  carries  along  overhead  a  plate 
weighing  some  2,000  or  3,000  pounds  with  as 
little  apparent  effort  as  a  child  exerts  in  lift- 
ing a  needle  with  his  toy  magnet.  However, 
the  above  is  only  an  exception,  and  the  fact 
remains  that  chains  are  of  great  importance 
to  engineers,  and  a  wider  knowledge  of  their 
care  and  treatment  should  be  prevalent. 


Chains  are  nearly  always  made  of  round 
material,  although  the  links  of  what  are 
known  as  gearing  chains,  used  for  dredgers, 
etc.,  are  made  of  flat  iron  plates.  However, 
we  shall  here  only  consider  chains  made  out 
of  round  bar  iron  or  steel. 

Considering  the  rough  usage  to  which 
chains,  even  under  the  most  favorable  con- 
ditions, are  subjected,  they  ought  to  be,  and 
generally  are,  made  of  the  best  iron  obtain- 
able; in  fiact,  best  quality  chains  are  made 
of  a  special  brand  rolled  for  the  purpose. 

Ductility, — ^Ductility  is  a  most  important 
factor  in  the  manufacture  of  chains;  iron  of 
54,000  pounds  ultimate  tensile  strength,  with 
an  elongation  of  25  to  27  per  cent,  in  8  inches, 
would  be  an  excellent  material  for  the  pur- 
pose, though  perhaps  one  would  not  readily 
get  the  elongation  test  complied  with — at 
least  the  higher  one.  Mere  tensile  strength 
is  not  by  any  means  all  that  is  required  in 
chain  iron.  Some  of  the  most  brittle  irons 
possess  great  strength  in  tension.  Consider 
hardened  and  tempered  steel,  for  instance; 
this  is  about  2}  to  3  times  as  strong  as  the 
best  wrought  iron,  under  quid  loads,  but  will 
not  stand  jars  or  shocks,  and  is,  in  fact,  one 
of  the  very  last  things  of  which  one  would 
make  a  chain.  Glass  also  possesses  consid- 
erable tensile  strength,  but  how  long  would 
a  glass  chain  last?  These  remarks  are  made 
merely  to  bring  home  the  fact  that  some- 
thing besides  mere  strength  (under  quiescent 
loads)  is  required. 

Strength  and  Working  Loads  of  Chains, 
''  The  strength  of  a  chain  is  that  of  its  weak- 
est link,"  is  a  very  old  saying,  and  is  so  far 
true.  The  presence  of  one  weak  spot  in  any 
body  such  as  a  bar  or  chain  is  a  great  objec- 
tion, the  resulting  weakness  being  greater 
than  is  at  first  apparent;  thus,  a  1-inch  bar 
3  feet  long  turned  down  to  }  inch  for  a  width 
of  i  inch,  is  not  as  strong  as  a  f-inch  bar  of 
the  same  length  (see  Fig.  1).  Also,  a  chain 
made  of  i-inch  links  would  be  stronger, 
especially  against  shocks,  than  a  f-inch  chain 
with  one  ^-inch  link  introduced,  because  in 
the  one  case  all  the  stretch  due  to  any  given 
shock  is  taken  up  by  the  whole  length  of 
the  bar  or  chain,  each  part  of  the  bar  or  each 
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link  of  the  chain  taking  its  share,  whereas 
in  the  other  all  the  stretch  is  concentrated 
on  the  one  small  section,  or  link,  and,  conse- 
quently, mptnre  is  more  likely  to  ensue. 

This  ''strength-of- weakest-link'*  doctrine 
applies  most  emphatically  to  a  chain.    In 
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the  case  of  a  bridge, 
if  one  of  the  ties  or 
braces  were  a  little 
weak,  it  would  not 
be  a  very  serious 
matter,  the  result 
being  simply  the 
imposing  of  a  slight 
extra  load  on  the 
other  members;  the 
same  remark  would 
apply  if  one  of  the 
rafters  of  a  roof  or 
of  the  joists  of  a 
floor  were  weak. 
But  it  is  a  very 
different  matter  in 
the  case  of  a  chain;  here  each  link,  how- 
ever strong,  can  only  carry  what  the  link 
below  transmits  to  it;  so,  also,  any  link 
below  the  weak  one  can  only  support  such 
a  weight  as  a  link  above  it  can  carry.  So 
it  comes  about  that  there  can  be  no  half- 
and-half  measures  in  making  the  links  of  a 
chain;  not  only  must  the  ninety  and  nine 
be  sound  and  of  the  right  strength,  but  the 
hundredth  one  also. 

The  actual  breaking-load  of  a  chain  in  the 
testing  machine  can  be  predicted  closely, 
but  it  is  useless  to  try  to  lay  down  any  hard- 
and-fast  rule  for  the  loorking  load  of  a  chain, 

since  it  depends  on 
so  many  items,  such 
as  (1)  the  length 
and  breadth  of  the 
links;  (2)  the  diam- 
eter of  the  barrel; 
(3)  whether  the 
burel  is  grooved  or 
plain;  (4)  whether 
or  not  the  chain 
forms  more  than 
one  layer  on  the 
barrel;  (5)  the  duc- 
tility of  the  iron; 
(6)  the  nature  of 
service  of  the  chain ; 
(7)  the  length  of  service  it  has  seen,  if  an 
old  chain. 

Chains  are  of  two  principal  kinds:  the 
close-link  variety,  as  shown  in  Fig.  2,  and 
the  stud  link,  shown  in  Fig.  3.  The  smaller 
the  link  the  better,  as  the  chain  is  obviously 
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more  flexible,  and  the  bending  stresses  are 
less,  as  shown  ftuiher  on;  the  over-all  length 
and  breadth  may  be,  respectively,  about  4f 
and  3}  times  the  diameter  of  tiie  iron  if. 
Fig.  2. 

Now,  if  the  link  were  a  very  thin  and  per- 
fectly flexible  rope,  the  tension  in  M  and  L 

would  be  the  same,  namely,  -^;  if  VTwere 

4  tons,  the  stress  in  any  part  of  the  link 
would  be  2  tons,  the  pull  transmitted  to  the 
upper  link  being  of  course  4  tons;  so  that,  if 
A  were  the  cross-sectional  area  of  the  bar 
fh>m  which  the  link  was  made,  we  might 
take  2  il  as  the  available  working  area.  But 
it  is  different  with  an  iron  link  such  as  shown 
in  Fig.  2 — we  do  not  get  a  fair  tensile  pullin  L, 
The  stress  is  not  uniformly  distributed  over 
the  section,  because  bending  takes  place  all 
around  the  link,  being  most  severe  at  a.  The 
link  tends  to  straighten  itself  out  and  make 
the  parts  M,  M  come  together,  and,  on 
account  of  this  bending,  combined  with  the 
pull  of  the  load,  the  fibers  at  a  are  more 
strained  than 
those  at  6.  At  6, 
in  fact,  the  metal 
is  in  compression, 
due  to  the  bend- 
ing action;  there 
is  also  severe  local 
pressure  at  the 
point  of  contact, 
due  to  the  pull  of 
one  link  on  the 
other.  In  addi- 
tion to  these  elements  of  weakness,  there  is 
also  the  weld  at  the  end  to  be  taken  into 
account;  however  carefully  this  welding 
may  be  done,  the  joint  will  always  be  weaker 
than  the  original  bar.  Unfortunately,  it  is 
more  convenient  to  put  this  weld  at  the  end 
X  (just  where  it  ought  not  to  be);  inordinary 
crane  chains  it  is  much  easier  to  make  the 
weld  at  this  point,  as  the  link  can  then  be 
closed  up  on  the  point  of  the  anvil  and  dol- 
lied mudi  more  readily  than  if  the  weld  were 
at  the  side.  However,  in  larger  work,  such 
as  in  the  coupling  links  shown  in  Fig.  4  (used 
in  Europe  on  both  freight  and  passenger  cars, 
and  also  between  tender  and  car),  the  weld 
is  generally  made  at  the  side,  as  shown 
dotted  in  link  a.  Sometimes,  however,  it  is 
made  at  the  end,  and  the  opportunity  is 
then  taken  to  make  the  section  larger,  as  in 
link  6;  for  example,  the  link'  may  be  of 
1-inch  iron  and  each  end  made  \\  or  1^^ 
inches,  the  end  that  is  not  cut  being  thick- 
ened by  welding  a  piece  on. 


\^ 
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It  may  be  imagined  that  these  coapling 
links,  when  used  on  freight  cars,  undergo 
very  severe  treatment.  Suppose  a  train  of 
50  cars  is  being  started  and  that  there  are 
several  inches  of  slack  between  the  cars; 


^^># 


Fig.  6. 


evidently,  by  the  time  the  last  car  starts  the 
engine  will  be  going  at  a  pretty  fast  pace  and 
so  pat  a  great  strain  on  the  rear  coapling; 
also,  when  making  a  '*  flying  shunt,"  if  the 
brakes  are  put  on  too  abruptly,  a  coupling 
{especially  that  between  tender  and  cars)  is 
liable  to  be  snapped.  The  wear  also  comes 
on  the  ends,  and  reduces  the  section  there. 

The  shorter  a  link  i&  made  the  better,  for, 
as  there  are  then  more  of  them  in  a  given 
length  of  the  chain,  the  latter  becomes  more 
flexible  and  runs  around  the  pulley  or  drum 
more  easily,  and  the  bepding  stresses  in  the 
links  are  not  so  severe.  Close  links  are  gener- 
ally oval  in  form ;  an  over- all  length  of  4}  d  and 
a  width  of  Si  d{d  =  diameter  of  link  iron) 
constitute  good  proportions.  We  will  now 
consider  in  detail  the  before-mentioned  items 
that  afiect  the  working  strength  of  a  chain. 

(1),  (2),  (3). — As  regards  the  bending 
stress:  (a),  Fig.  5,  shows  parts  of  a  chain  in 
position  on  a  crane  drum,  or  barrel,  that  is 
not  grooved.  Looking  at  link  a  it  will  be 
seen  that  the  tendency  is  to  distort  it,  as  in 
view  (6),  putting  the  top  of  the  link  t  into 
severe  tension;  the  longer  the  link  the  more 
it  will  have  to  bend.  When  the  barrel  is 
grooved,  the  groove  is  made  of  such  a  depth 
that  the  vertical  links  clear  the  bottom,  and 
allow  the  horizontal  links  to  bear  on  the 
barrel,  as  in  (a),  Fig.  6.  Here  conditions 
are  reversed,  b  being  more  severely  strained 
than  a.  In  this  case,  also,  it  will  be  seen  to 
be  an  advantage  for  the.  link  not  to  be 
unnecessarily  long,  for  the  tendency  is  to 
bend  the  link,  as  in  view  (6). 

Good  results  follow  if  the  diameter  of 
drum  is  not  less  than  20  times  that  of  the  link 
iron;   for  instance,  not  less  than  a  15-inch 


drum  should  be  used  for  f-inch  chain, 
and  a  10-inch  drum  for  a  ^inch  chain.  As 
these  close  links  are  4f  to  4f  times  the  diam- 
eter of  the  link  iron,  the  drum  diameter 
should  be  not  less  than  about  4{  times  the 
over-all  length  of  the  link. 

(4),  (5),  (6),  (7). — In  large  traveling  cranes 
it  is  arranged  that  the  chain  shall  form  only 
one  layer  on  the  crane  barrel,  and  not  over- 
lap as  in  the  ordinary  crab  or  winch.  This 
constitutes  an  obvious  advantage,  in  that 
the  chain  is  not  then  liable  to  override. 
This  overriding  and  consequent  slipping  is 
the  worst  thing  that  can  happen  to  a  chain; 
it  often  occurs  in  cranes  with  the  smaller 
size  of  chains;  the  chain  partly  mounts  the 
coil  beneath  it  and  then  slips  ofl",  the  load 
falling  through  a  certain  distance  and  being 
then  brought  up  with  a  sudden  jerk.  It  is 
here  that  the  ductility  of  the  chain  proves 
of  value,  for  the  falling  load  has  acquired  a 
certain  momentum,  and  to  arrest  it  a  certain 
amount  of  work  must  be  done.  Work,  be 
it  remembered,  is  measured  by  the  product 
of  the  force  exerted  multiplied  by  the  dis- 
tance through  which  it  acts;  the  force  is 
inversely  proportional  to  the  distance.  Now, 
the  force  doing  the  work  is  the  tensile  resist- 
ance of  the  iron,  and  the  distance  is  the 
amount  of  elongation,  or  stretch;  conse- 
quently, the  more  the  chain  "gives"  under 


the  shock,  the  less  is  the  mean  stress  in  its 
links.  The  same  bad  efildcts  may  be  induced 
by  lifting  a  load  very  suddenly;  if  a  lot  of 
slack  had  run  out  and  the  crane  were  started 
rapidly,  the  load  would,  of  course,  come 
on  the  chain  very  suddenly.  Or,  again, 
a  load  may  be  lowered  very  quickly  and 
then  a  powerful  band  brake  be  suddenly 
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AN  A  VfKWARD  CONNECTION. 


applied,  the  load  being  brought  up  with 
a  yeA.  A  chain  that  ia  old  hae  probably 
ab^eady  mstained  snch  severe  ebocke  aa  to 
be  Btretcbed  beyond  its  elastic  limit — that 
is,  it  has  reached  its  permanent  set;  but  iron 
in  its  normal  condition  is  still  capable  of 
considerable  stretch  even  aft«r  passing  the 
elastic  limit,  as  seen,   for  example,  in  th« 


testing  machine.  An  old  chain,  however, 
has  bad  its  t«zture  changed  more  or  less  by 
these  repeated  shochsi  the  iron  baa  become 
partly  crystallixed,  and  so  is  really  anfitt«d 
to  bear  a  shock;  the  new  chain  has  thos  a 
double  advantage.  The  old  chain,  however, 
may  be  restored  practically  to  its  original 
condition  by  annealing. 


AN  AWKWARD   CONNECTION. 


1  tkdck.  Fig.  1,  thawing  a  eompli- 

1  conneetion  that  I  had 

li  tutu  not  the  beam  d  nor  the  pair 

/  that  gave  me  trouble,  btU  Iht  tj/llfm 


If  i-inch  rivets  are  used  with  a  unit  shear 
of  9,000  pounds,  and  a  luiit  bearing  value  of 
18,000  pounds,  the  value  for  each  rivet  will 
be  S,400;  and  the  number  required  to  resist 
the  leverage  on  the  bracket  will  equal  48,600 
-^  5,400,  or  9;  say  5  through  each  gusset 
plate,    or  these  five  rivets,  which  should  be 


% 


e  and  c.  I  would  likt  to  know  hmv  to  fijare  the 
manber  of  rivtU  in  miek  a  connection,  and  how 
it  may  bftt  be  detifned;  aleo,  vihclhtT  the  eccen- 
tricily  of  loading  upon  the  column  ihmUd  br 
amMdered.  W.  H.  Thorn,  Chicago,  III. 

You  do  not  give  the  load  upon  the  system 
of  beams  e  and  c,  but  we  take  it  for  granted 
that  they  are  fully  loaded,  and  sustain  a  nnit 
fiber  stress  of  15,000  pounds.  It  is  reason- 
able to  assume  that  one-half  the  entire  load 
on  the  three  15-in.  I's— 601b.  and  on  tbeout- 
side  20-iu.  1—80  lb.  be&n  upon  the  bracket 
at  g.  Fig.  2,  and  that  the  load  upon  the 
inside  SO-in.  1—80  lb.  bears  at  the  point  h. 
Theee  reactions  act  parallel  with  the  center 
line  of  the  column,  tending  to  turn  the 
bracket  about  the  point  i,  and  thus  tear  it 
away  from  the  column  at  the  point  it. 
The  pull  at  the  point  it  produced  by  theee 
reactions,  which  must  be  resisted  by  a  suffi- 
cient number  of  rivets,  is  equal  to  the 
moments  of  the  loads  g  and  h  about  the  point 
t  divided  by  the  perpendicular  distance  from 
the  point  i  to  the  line  of  resistance  of  nvets 
designed  to  resist  this  pull.  In  this  case,  it 
is  equal  to 

74,«»  lb.  X  12  In.  "  im.iWI  tn.-lb, 
21.000  lb.  X  4[n,  =    w,  000  In  .-lb. 


Fio.  2. 

placed  as  nearly  as  possible  in  a  direct  tine 
with  the  pull,  fonr  can  be  placed  at  n,  n,  as 
shown.  The  remaining  rivet  can  be  con- 
sidered as  adequately  taken  care  of  by  the 
resistance  to  bending  offered  by  the  trans- 
verse reenforcing  plate  at  o,  in  the  aection 
plan.  Fig.  2.     Enough  rivete  beaidee  these 
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must  be  provided,  to  resist  the  direct  shear. 
Fig.  2  famishes  in  detail  the  other  features 
of  this  connection,  which  we  have  endeav- 
ored to  design  according  to  the  principles 
of  good  practice.  On  account  of  the  loads 
being  at  some  distance  from  the  center  of 
the  column  on  the  side  on  which  the  bracket 
is  located,  it  might  be  well  to  consider  the 


bending  upon  the  column  due  to  these  loads. 
The  bending  upon  the  column  is  equal 
to  the  eccentric  load  multiplied  by  the 
distance  it  is  located  from  the  center  of  the 
column.  Having  obtained  the  assumed  sec- 
tion of  column  required  to  resist  direct  com- 
pression, the  rolled  sections  can  be  increased 
in  weight  enough  to  provide  for  the  bending. 


BOOK  NOTICES. 


Studies  for  Lbttsrs.  By  Frances  B. 
Callaway.  Published  by  Williams  &  Rogers, 
Rochester,  N.  Y.  Ooth,  6}^^  X  4}^^  147 
pages.    Price,  50  cents. 

Most  people  imagine  that  to  write  a  letter 
is  a  very  simple  matter.  If,  however,  any 
one  so  thinking  were  fortunate  enough  to  be 
permitted  to  read  the  charming  little  volume 
written  by  Frances  Bennett  Callaway, 
"Studies  for  Letters,"  he  would  be  likely 
to  think  differently.  There  is  no  doubt  that 
a  faultless  letter  is  a  work  of  consummate 
art  and  often  of  high  genius,  and  that  to  . 
read  all  there  is  in  a  lettei>— the  lines  of  it 
and  all  that  is  between  them — is  frequently 
more  difficult  jthan  to  decipher  a  cuneiform 
inscription. 

Some  one  says  that  when  A  engages  B  in 
conversation  it  is  marvelous  if  some  dis- 
agreement does  not  arise  among  the  six  of 
them.  ''The  «u;  of  them?  You  mean  the 
two  of  them?"  .'^No,  I  don't;  for  there  is 
the  A  that  A  conceives,  the  A  that  B  thinks 
of,  and  the  real  A,  known  only  to  his  maker, 
and  very  different  from  the  A  of  either  B  or 
A.  There  are  three  A's,  you  see,  and,  of 
course,  three  B's."  The  same  sextuple 
duality  figures  in  every  letter  worthy  of  the 
name. 

Mies  Callaway  tells  us  very  charmingly 
and  very  forcibly  that  when  we  write  a  letter 
we  leave  on  the  hitherto  empty  page  a  very 
legible  account  of  our  personality;  our  weak- 
ness and  strength,  the  whole  story  of  heart 
and  brain  and  temperament  and  heredity. 
She  assures  us  that  fortunes  and  kingdoms 
and  hearts  have  often  been  won  or  lost 
by  this  terrible  dynamic  quality  of  letters; 
and  she  warns  us  that  the  same  thing  will 
frequently  happen  hereafter.  The  most 
alarming  fact  in  the  situation  is  that  we  are 
compelled  to  agree  with  her.  Was  Talley- 
rand thinking  of  this  deep  significance  of 


letters  when  he  said,  "  Never  destroy  a  letter 
and — never  write  one"?  Did  he  believe 
that  a  letter  has  not  only  a  body  but  a  soul 
also  that  we  have  the  power  to  rob  of 
immortality  ? 

If  students  could  be  made  fully  aware  of 
the  potentialities  lurking  between  the  lines 
in  letters,  what  an  uncountable  host  there 
wotild  be  in  the  "Class  for  the  Mastery  of 
the  Difficult  but  Indispensable  Art  of  Letter 
Writing."  And  what  shoals  and  shoals  of 
letters  would  come  to  Miss  Callaway  with  a 
"  Macedonian  ciy  "  for  her  helpful  little  book. 

Practical  ElbctricJity.  Published  by  the 
Cleveland  Armature  Works,  Cleveland,  Ohio. 
286  pages,  83  illustrations. 

This  work  is  intended  to  give  clear  and 
concise  information  relating  to  the  several 
branches  of  electrical  work,  and  for  a  book 
of  its  size  contains  a  large  amount  of  data. 
The  work  contains  nineteen  chapters  in  all, 
of  which  thirtee'n  relate  to  dynamos  and 
motors.  The  first  three  chapters  relate  to 
electric  wiring,  batteries,  magnetism,  etc. 
The  last  three  chapters  relate  to  incandes- 
cent and  arc  lamps,  measuring  instruments, 
and  alternating  currents.  The  part  relating 
to  the  design  of  dynamos  is  clearly  written 
and  contains  complete  instructions  for  ma- 
king calculations  regarding  the  magnetic  cir- 
cuits and  windings  of  dynamos.  At  the  end 
of  each  chapter  a  number  of  questions  are 
given  to  bring  out  the  principal  points,  and 
the  answers  to  these  questions  are  given  in 
the  back  of  the  book.  The  book  is  of  con- 
venient size  for  the  i>ocket,  is  flexibly  bound 
in  leather,  and,  in  addition  to  the  matter 
enumerated  above,  contains  several  reference 
tables.  The  work  was  compiled  with  the 
assistance  of  Mr.  J.  C.  Lincoln,  a  well-known 
electrical  engineer,  and  we  can  recommend 
it  to  any  in  need  of  a  book  of  this  kind. 


MAKING  THE  TIME  TABLE  FOR  A  SINGLE- 
TRACK  RAILROAD. 


In  gating  oui  the  timf,  table  for  a  tingle-lraek 
raUrwid,  Mw  dof>  the  compiUr  arrange  mattert 
to  that  no  two  traint  thall  arrive  gimuUaneoutly 
at  the  tame  piiujtT  H.  S.  B.,  Grnema'ugh,  Pa. 

In  getting  out  a  time  tftbte  for  a  aingle- 
tnck  railroad,  a  Urge  "train  board"  is 
osiULllf  employed,  on  vbich  is  plotted  the 
diagram  of  evray  r^olar  trun  that  movee 
over  the  division.  Theae  diagram!  are 
intended  to  show  at  a  glance  the  positions 


milea  of  railroad.  The  verUcal  divinons 
represent  time,  each  division  representing, 
U7,  6  minates,  and  there  are  a  laffident 
nnmber  of  vertical  dividons  (2S8  flve-min- 
nte  divisions)  to  represent  the  24  hoars  of 
the  day.  The  train  diagram  of  each  train  is 
plotted  in  its  order,  beginning  with  the  firet 
train  after  midnight,  or  train  No.  /  in  the 
figure.  To  plot  the  diagrams,  pins  are  stuck 
in  the    board  at  the  intersections  of  the 


of  the  different  truns  at  an;  time  of  the  day, 
aa  well  as  where  the  trains  meet  and  pass. 
In  the  accompanying  figure  three  train 
diaKrams  are  shown  as  they  would  appear  on 
the  train  board,  and  they  will  be  employed 
in  explaining  the  train  board  and  its  usee. 
The  board  is  divided  into  a  nnmber  of  equal 
divisions  similar  to  those  in  the  figure. 
Each  horizontal  division  represents,  say, 
t  mile,  in  which  case  there  would  be  as 
many  divisions  horizontally  as  there  were 


station  line  with  the  lines  that  give  the 
proper  time  of  arrival  and  departure  of 
trains,  and  a  string  is  fixed  on  the  pins  so  as 
to  form  a  curve  similar  to  the  corves  drawn 
in  the  figure.  If  a  new  train  is  to  be  put  on, 
its  curve,  when  plotted  on  the  board,  mnst 
intersect  other  curves  (if  at  all)  on  some 
station  line,  the  new  carve  intersecting  the 
station  line  below  or  above  the  iotersection 
of  the  other  curve,  depeoding  on  which 
train  has  the  right  of  way. 
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iTAVAVATiTAVAVATA? 


An  Exchange  for  Members  of  the  Crafts. 


Readers  are  aolicited  to  send  us  any 
inquiries  and  sUUemerUs  of  fads  coming  under 
their  observation,  which  they  desire  to  have  dis- 
cussed by  their  fellow  workmen.  Any  rough 
pencil  sketches,  helpful  to  an  explanation,  will 
be  touched  up,  if  necessary,  and  presented  in  good 
form. 

Acceptable  answers  and  descriptions  of  work, 
other  than  direct  inquiries,  will  be  paid  for,  when 
published,  aJt  our  regular  rales, 

Oommunicaiions  intended  for  this  department 
should  be  clearly  addressed  **C.  and  S,**  Editors 
of  SciBNCB  AND  INDUSTRY,  Scranton,  Pa, 

Write  on  one  side  of  the  paper  only.  Make 
sketches  on  separate  sheets  of  paper.  The  name 
of  the  writer  will  appear  in  the  magazine,  unless 
otherwise  requested. 


U8INQ  THB  STEEL  SQUARE. 
W.  J.  Vialon,  Lake  Charles,  La. 


I  NOTICED  in  a  recent  issue  of  ^'  The  Build- 
ing Trades  Magazine''  an  article  entitled 
'  *  The  Steel  Square. ' '    I  have  a  different  way 


of  reading  the  lumber  scale  from  that  given 
therein  that  I  think  is  somewhat  better. 
Let  me  illustrate  by  an  example:  Required, 
the  number  of  feet  B.  M.  in  a  piece  of 
wood  7  in.  X  1  in.  X  13  ft.  In  solving  this 
example  with  the  steel  square  I  use  the 
figures  under  the  12-inch  mark  as  the  width, 
and  the  inch  marks  upon  the  square  as  the 
length  of  the  lumber  in  feet;  for  instance, 
in  this  case,  as  there  is  no  7-mark  in  the 


column,  I  take  14  for  the  width,  and,  fol- 
lowing this  line  to  the  column  under  the 
13-inch  mark  upon  the  square,  I  find  the 
number  15fV;  since  I  took  the  width  as 
twice  the  actual  width  of  the  board,  the 
number  15^^  must  be  divided  by  2,  which 
gives  7^,  the  number  of  board  feet  in  the 
piece  of  wood. 

I  would  also  suggest  that  the  octagon  scale 
is  of  very  little  use  to  a  builder,  as  a  man 
can  find  the  gauge  lines  much  easier  by  the 
method  that  I  will  explain  in  conjunction 
with  the  accompanying  figure.  Let  abed 
represent  the  end  section  of  a  piece  of 
squared  timber  from  which  it  is  desired  to 
cut  an  octagonal  stick.  Lay  the  steel  square 
in  such  a  way  that  any  24  divisions  upon  it 
will  be  contained  between  two  parallel  sides. 
Mark  off  from  either  side  7  divisions,  and 
scribe  the  line  ef.  With  the  gauge  set  for 
the  distancie  be,  scribe  other  lines  parallel 
with  the  four  sides  of  the  square,  as  shown 
dotted.  Then  the  points  e,  g,  h,  i,  etc.  will 
be  obtained,  and  the  octagon  may  be  drawn 
as  designated.  While  not  exact,  this  method 
is  sufficiently  accurate  for  all  practical  build- 
ing purposes. 


MY  HOME-MADE  PRINTING  FRAME. 


J.  H.  McKiidy,  ClinUmviOe,  Pa. 

Desiring  a  frame  for  blueprinting,  and 
not  having  the  means  to  obtain  it  ready- 
made,  I  proceeded  to  construct  one.  I  pro- 
cured a  clear  pane  of  glass  30  in.  X  36  in.,  and 
having  some  cucumber  lumber  2\  inches 
thick,  I  sawed  out  strips  3  inches  wide,  and 
worked  them  with  a  sash  plane,  rabbeting 
the  back  about  ^^  inch  deep.  I  then  cut 
these  the  required  length  to  allow  the  glass 
to  fit  neatly,  mitering  the  corners  and 
securing  them  with  screws,  and  also  reen- 
forcing  them  with  corner  irons,  such  as  are 
used  on  carriage  bodies.  I  fastened  the  glass 
in  this  frame  with  glazier's  points,  and  for 
backing  used  two  thicknesses  of  table  mat- 
ting, which  I  held  in  place  with  a  back  board 
of  J-inch  lumber  in  two  pieces,  each  18  in. 
X  30  in.  Across  the  center  of  each  I  placed 
a  light  batten  and  screwed  to  it  a  strip  of 
springy  wood  about  \\  inches  wide  and  32 
inches  long,  which  fastens  under  catches 
screwed  to  the  back  of  the  frame.  I  am  thus 
the  proud  possessor  of  a  good  blueprint 
frame,  30  in.  X  36  in.,  at  a  cost  of  $1.15  for 
glass,  60  cents  for  matting,  25  cents  for 
lumber,  and  probably  10  cents  for  corner 
irons,  screws,  etc.,  making  in  all  about 
$2.10,  and  a  wet-day's  work. 


CHIPS  ASD  SPALLS. 


AN  ATTRACTIVE  DOOR  PANEL. 


Thbrb  are  lota  of  good  old  kioks  in  wood 
working  that  are  apt  to  be  loat  alto^ther 
before  long,  U  we  wood  workers  do  not  man- 
age to  nse  them  once 
in  a  while.  Last  week  1 
found  under  my  bench 
an  old  scrap  of  a  detail 
drawing  of  a  door  panel 
that  bad  been  there  a 
dozen  years  or  more.  It 
illnstratea  one  of  these 
kinke,  and  I  think  it  in- 
teresting enough  to  send 
yon  my  eket^bee  from  it 
for  the  Chips  and  Spalls 
columns  of  your  maga- 
zine. In  Fig.  1  is  shown 
the  elevation  of  a  door 
with  "drapery-fold" 
panels,  which,  as  any- 
P,^  J  body  can  see,  are  very 

effective.  Fig.  2  shows 
how  easily  they  can  be  made.  The  panel  stuff 
is  tirat  worked  to  the  eection  indicated  with 
round  and    hollow  planes.     The  top  and 


bottom  of  the  panel  are  next  beveled  off,  and 
the  undercutting  of  these  ends  can  then  be 
done  by  almost  any  one  who  keeps  his  tools 
sharp  and  bis  wits  about  him.    Try  it. 


QOOD  FLOOR  CONSTRUCTION. 

A.  M.  C  rhleago,  lu. 

In  ooiNO  around  among  the  building  opera- 
tions in  this  city,  I  came  acroes  a  system  of 
slow-burning  floor  construction  that  I 
thought  would  be  of  interest  to  my  fellow 
subscribers,  and  consequently  send  the 
accompanying  sketch  and  deecriplion,  to 
which  I  affix  a  few  of  my  own  ideas,  let 
them  be  worth  what  they  may. 

The  floor  principals  are  transverse  girders, 
placed  about  14  feet  from  center  to  (»nter,  no 


other  beams  being  used.  The  2"  X  8" 
yellow -pine  joists  a,  which  are  spiked 
together,  form  a  solid  wood  slab  8  inches 
thick  over  the  entire  floor  area;  the  li-inch 
finished  floor  b  being  run  either  diagonally 
or  athwart  on  top  of  the  joists,  with  a  layer 
of  deadening  felt  c  interposed.  Such  a  floor 
makes  capital  construction  where  great  stiff- 
ness and  solidity  are  required,  aa  in  machine 
shops  or  factories,  where  it  is  aeceeaary  to 
locate  heavy  machinery  at  various  points 
on  the  floor  surface,  witiioat  reference  to  the 
beams  or  girders.  By  chamfering  the  under 
edge  of  the  2"  X  a"  joists,  a  neat  ceiling 
finish  is  attained,  which,  when  painted  or 
otherwise  finished,  gives  a  shade  and  shadow 
effect  that  is  certainly  superior  in  appearance 
to  the  usual  plank  flooring. 

In  my  opinion  this  construction  could  be 
made  especially  stiff  by  ordering  the  joists 
long  enough  to  span  two  bays,  thos  break- 
ing joints  on  every  alternate  row  of  joists 
ateacbgirder.  The  joists  will  then  be  con- 
tinnons  beams  sustained  by  three  eopports, 
and  tbey  will  in  consequence  be  somewhat 
stronger  than  if  ihey  spanned  only  one 
bay.  I  think  it  would  also  be  advantageous 
to  lay  the  top  flooring  diagonally,  as  then 
it  will  also  span  the  girders  and  add  resist- 
ance to  bending.  Of  course,  this  style  of 
Boor  construction  will  cost  considerable  more 
for  material;  but  I  think  that  if  some  of 
my  contemporaries  could  devote  a  little  time 
to  fignring  its  strength  compared  with  the 
usual  conttniction,  tbey  would  find  that  tbe 
increased  expense  would  not  be  great  in  pro- 
portion to  the  advantage  gained. 


CHIPS  AND  SPALLS. 
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THE  JOINTS  IN  A  THRBB-CBNTBRBD  ARCH. 

John  Keenan,  Fall  River,  Mast. 


I  HAVB  noticed  in  some  of  your  magazines 
the  question,  *'  How  shall  I  set  my  lines  to 
get  the  direction  of  the  joints  in  a  three- 
centered  arch  built  with  brick? ''  so  I  offer 
the  following  solution: 

Let  a,  bj  and  c,  Fig.  1,  be  the  points  from 
which  the  curve  is  struck.    Drive  a  pin  or 


with  thin  lath 
bent  over  them 


Fio.  1. 

nail  at  each  point,  and  fasten  a  piece  of  cord 
to  a.  Hold  the  cord  in  the  position  ad, 
so  that  it  just  touches  the  point  6,  and  mark 
the  point  /  on  the  wooden  center.  In  like 
manner  locate  the  point  g. 

Observing  h  i  jj  the  outer  curve,  or 
extrados,  of  the  arch,  it  will  be  noticed 
that  the  spaces  for  each  course  of  brick  on 
this  curve  are  equal;  but  not  so  with  the 
inner  curve,  or  intrados,  of  the  arch,  for,  as 
seen  in  Fig.  1,  the  spaces  between /and  a:  and 
^and  y  are  smaller  than  those  between/and  g. 

As  the  arch  ring  in  this  case  is  20  inches 
wide  on  the  face,  place  two  and  one-half 
brick  at  the  springing  line,  as  shown  at  mj; 
hold  the  cord 
in  the  position 
acly  allowing 
a  little  more 
space  than  the 
width  of  a 
brick  at  the 
outer  curve  of 
the  arch  for  a  mortar  joint,  and  mark  the 
point  m  on  the  wooden  center.  The  distance 
my  19  the  space  for  each  course  of  brick 
between  g  and  y  and  /  and  x,  and  the  arch 
is  spaced  with  that  distance  on  both  sides  up 
to  the  points  /  and  g.  It  is  usual  to  lay  a  few 
courses  of  brick  on  one  side  of  the  arch 
beyond,  say,  the  point  /,  to  determine  the 
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width  of  the  spaces  between/  and  g,  which 
are  found  in  the  same  manner  as  previously 
described.  The  spaces  should  then  be 
marked  on  the  wooden  center,  varying 
them,  if  necessary,  so  that  there  will  be  a 
full  space  for  the  last  course. 

So  far  the  bricks  are  laid  on  one  side  of 
the  arch  only,  and  one  or  two  courses 
beyond  /.  The  divisions  or  joints  of  the 
arch  being  spaced,  count  the  number  of 
spaces  in  the  whole  arch.  If 
there  is  an  even  number  of 
spaces,  the  arch  must  start  oppo- 
site at  the  spring;  that  is,  a 
header  on  one  side  and  a 
stretcher  on  the  other,  or  the 
arch  will  come  up  at  the  key, 
as  shown  in  Fig.  2,  which  is 
known  to  the  trade  as  coming 
up  a  ''she."  To  avoid  such  a 
contingency,  bricklayers  should 
always  remember  this  rule:  for 
an  even  number  of  courses  start 
odd,  and  for  an  odd  number  of 
courses  start  even.  It  will  be 
noticed,  in  Fig.  1,  that  the  oppo- 
site bricks  on  the  jambs  are 
unlike,  or  **  odd,''  as  it  is  said 
to  be,  and  this  fiict  predetermines  according 
to  the  rule  that  the  arch  must  contain  an 
even  number  of  courses. 

It  may  also  be  stated  here  that  a  three- 
centered  arch  may  be  laid  out  that  will  cor- 
respond so  closely  to  a  semielliptical,  that,  in 
brickwork,  it  may  be  substituted  for  the 
last  mentioned.  The  carpenter  that  makes 
the  center  should  locate  the  points  for  the 
bricklayer  to  work  from. 

A  SHOP  MBTHOD  OP  DRAWING  AN 
BLLIPSB. 

C.  S,  /.,  Camden,  N.  J. 

In  our  shop  we  have  considerable  colonial 
work  on  hand,  and  among  other  details  a 
number  of  elliptical  windows  to  construct. 
I  was  watching  the  foreman  as  he  laid  out 
the  work,  and  was  struck  with  the  novel 
method  he  used  to  describe  the  ellipses.  He 
explained  to  me  that  he  adopted  this  method 
in  preference  to  using  a  cord  fiastened  at  the 
foci,  because  the  cord  was  liable  to  stretch 
and  thus  distort  the  figure,  also  that  it  was 
bothersome  to  rig  up  the  cord  every  time. 

The  method  as  he  applied  it  is  clearly 
shown  in  the  accompanying  figure,  and  may 
be  described  as  follows:  Draw  on  the  board 
the  major  and  minor  axes  of  the  ellipse  and 
place  at  their  intersection  the  steel  square. 
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ANOTHER  CHEAP  DRAFTING   TABLE, 


which  is  eecared  in   the   pomtion  shown. 
Then  take  a  piece  of  molding  strip  and  drive 


part  way  through  it,  the  two  wire  nails  a 
and  6;  also  bore  a  hole  at  c,  in  which  a 
carpenter's  pencil  will  fit  tight.    The  dis- 


tance from  c  to  &  is  equal  to  one-half  the 
minor  axis,  and  the  distance  from  c  to  a  is 
equal  to  one-half  the  major  axis.  By  placing 
the  heads  of  the  wire  nails  a  and  h  against 
the  two  edges  of  the  steel  square,  keeping 
them  always  against  it,  and  moving  the  pencil 
around,  one  quarter  of  the  ellipse  may  be 
drawn.  By  changing  the  steel  square  about, 
the  complete  ellipse  may  be  described.  The 
wood  strip,  or  molding,  may  be  kept  handy, 
and,  by  changing  the  position  of  the  wire 
nails,  may  be  used  any  time. 

I  thought  this  quite  a  practical  method 
that  might  be  of  interest  to  my  fellow  work- 
men, though  no  doubt  they  know  of  several 
methods  equally  as  good.  If  they  do,  I  for 
one  would  be  pleased  to  hear  from  them 
through  these  columns. 


ANOTHER  CHEAP  DRAFTING  TABLE 

Ed^vin  J.  Newton,  Chicago,  111. 


TO  MAKE  a  cheap  drafting  table,  get  three 
T  hinges,  like  those  shown  in  the  sketch, 
with  a  removable  pin.  Fasten  one  to 
each  of  the  strips  underneath  the  drawing 
board,  as  shown,  and  fasten  the  parts  b  of  the 
hinges  to  the  under  side  of  a  window  sill,  as 
shown    in  the   side  elevation    (a).     Then 


attach  part  h  of  the  remaining  hinge  [see  view 
(6)]  to  the  board,  about  one-third  the  width 
of  the  board  from  the  right-hand  edge,  as 
shown;  attach  part  a  of  this  hinge  to  a 
strong  stick  or  broom  handle.  Attach 
the  stick  to  the  board  and  the  board  to 
the  window  sill  by  inserting  the  pins  c. 
The  board  may  be  held  in  a  horizontal 
position  by  resting  the  lower  end  of  the 
stick  on  the  mopboard,  as  at  d,  or  may 
be  adjusted  lower  by  resting  the  lower  end 
of  the  stick  on  the  floor  at  various  distances 


from  the  wall.  If  there  is  no  mopboard 
in  the  room,  a  sort  of  a  ratchet  block  may 
be  fastened  to  the  wall  near  the  floor,  with- 
out greatly  marring  the  appearance  of  the 
room. 

If  the  supporting  strut  were  made  in  two 
pieces  that  would  fold  or  slide  the  one  into 


•I 


^ 


the  other,  similar  to  the  tripod  of  a  camera, 
and  a  thumbscrew  provided  to  damp  them 
in  place,  the  bother  of  removing  the  hinge 
pins  would  be  eliminated.  The  strut  could 
be  folded  under  the  board  and  the  board 
dropped  down  by  the  window,  where  it. 
would  be  always  ready  for  instant  use.  The 
ends  of  the  hinges  h  are  scarcely  visible  when 
the  board  is  removed  from  the  window.  If 
so  much  light  directly  in  the  eyes  is  an 
objection,  this  may  be  remedied  by  wearing 
an  eye  shade. 
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NoTB.— Jlddrest  aXL  leUer$  containing  <iu€ttion8  to  be 
antwered  in  thit  department  to  Sciencb  and  Industry, 
Scranton,  Pa. 

1.  Put  this  address  both  on  the  envelope  and  at  the 
head  qf  the  letter. 

S.  Only  queetions  qf  general  interest  to  ovr  readers 
iffdlbeanewered. 

5.    No  questions  wtU  be  answered  by  maU. 

k.  I>rawings  or  sketches  accompanying  questions  should 
be  made  on  a  separate  sheet  qf  paper,  and  should  be 
drown  as  dearly  <u  possible. 

5.  The  names  and  addresses  qf  the  writers  must 
aeoompany  the  letters,  or  no  attention  will  be  paid  tothem. 
Unless  otherwise  requested,  we  wHl  publish  only  theiniHals 
and  address  qf  the  writer. 

S.  S^erenee  to  inquiries  previously  amswered  should 
give  date  qf  issue  and  number  of  question. 

7.  Any  book  not  out  qf  print  and  for  sale  by  regular 
dealers  may  be  ordered  through  the  magasine. 


(375)  What  will  be  the  required  horsepower  of  an 
engine  to  drive  a  centrifogal  pump  that  is  to  raise 
water  20  feet  and  discharge  it  at  the  rate  of  500  gal- 
lons per  minute?  The  pump  is  to  be  used  at  an  alti- 
tude of  3,500  feet.  F.  M.,  Toronto,  Can. 

An8.— From  5  to  8  horsepower,  depending  on  the 
conditions.  With  a  pump  correctly  designed  for 
the  work,  5  horsepower  should  be  sufficient;  under 
less    favorable  conditions,  more  power  would    be 

required. 

« 

(376)  (a)  Does  the  diiTerential  transmission  dyna- 
mometer absorb  any  of  the  power  transmitted 
through  it  other  than  the  friction  of  its  moving 
parts?  (6)  Explain  the  operation  of  this  dynamom- 
eter, (c)  Where  can  I  obtain  a  catalogue  of  the 
latest  types?  P.  H.  P.,  Bound  Brook,  N.  J. 

Ans.— (a)  No.  (6)  The  essential  part  of  this  dyna- 
mometer consists  of  four  bevel  gears,  as  shown  in  the 
accompanying  sketch.  Power  is  applied  to  pulley  A 
carrying  the  bevel  gear  E.  The  machine  whose  work 
or  resistance  is  to  be  measured  is  belted  to  the  pul- 
ley B  carrying  the  bevel  gear  F.    Both  pulleys  and 

«J1 


KIUM  AM  iMMTtT 


attached  gears  are  loose  on  the  shaft  8.  Connection 
between  gears  £and  F  is  made  by  gears  C  and  D  run- 
ning loosely  on  the  lever  G,  which  latter  is  tree  to 
swing  aroond  shaft  S.  Evidently  B  runs  in  a  direc- 
tion opposite  to  that  of  A,  The  pressures  between 
gears  £,  D  and  F,  D  are  directed  upward,  while  those 
between  £,  C  and  F,  C  are  directed  downward,  both 
tending  to  swing  the  lever  O  around  the  shaft  S\  this 
motion  is  prevented,  however,  by  a  weight  P  balan- 
cing the  pressures  previoosly  mentioned.    The  mag- 


nitude of  this  weight  P,  multiplied  by  the  distance 
it  would  travel,  if  free  to  move,  measures  the  power 
transmitted.  It  is  a  peculiarity  of  this  gear-train 
that  if  O  were  free  to  move,  it  would  turn  around  5 
half  as  £Ei8t  as  A.  The  magnitude  of  the  force  P  (the 
weight  of  the  weight)  multiplied  by  the  distance  it 
would  pass  through  per  minute,  if  f^ee  to  move,  gives 
the  work  done  per  minute,  (c)  Florence  Machine 
Co.,  Florence,  Mass. 

(377)  I  wish  to  make  a  working  drawing  of  a 
bossed  flange  and  want  to  indicate  that  the  edge  of 
the  flange  is  at  all  parts  perpendicular  to  the  surface 
of  the  20-inch  pipe  that  it  is  to  fit.  How  may  this 
be  indicated  on  a  working  drawing? 

V.  G.  M.,  Cleveland,  Ohio. 

Ans.— In  order  to  indicate  this  feature  of  the  work, 
it  is  necessary  to  draw  the  lines  of  intersection  in 


several  views  as  they  would  actually  appear  in  the 
finished  article.  This  is  accomplished  in  the  accom- 
panying drawing,  where  it  is  assumed  that  an  end 
view  of  the  flange  is  a  circle,  as  shown  at  (c).  The 
projection  is  then  made  in  the  usual  manner  and 
it  is  found  that  the  lines  of  intersection  in  the  view 
at  (b)  are  not  parallel  curves,  as  in  the  sketch  sub- 
mitted by  the  correspondent.  The  diflierence  is  so 
slight,  however,  that  it  would  probably  escape  the 
attention  of  the  patternmaker  if  his  attention  were 
not  directed  to  it  by  a  note  on  the  drawing.  If  three 
views  are  presented,  as  in  the  illustration,  the 
chances  for  error  in  this  particular  will  be  lessened, 
since  but  one  construction  is  possible. 

«  « 

(878)  Kindly  answer  the  following  questions  con- 
cerning the  universal  joint  shown  in  the  enclosed 
sketch:  (a)  When  A  is  raised  or  moved  from  side  to 
side,  D  slides  out  of  C.  Is  t  his  covered  by  any  patent  ? 
If  you  do  not  know,  how  can  I  find  out?  (6)  How 
far  above  the  horizontal  can  A  be  raised  and  still 
work  satisfactorily  ?  (c)  About  what  power  will  this 
coupling  safely  transmit  when  made  of  tool  steel, 
and,  also,  what  power  when  made  of  machine  steel  ? 
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ANSWERS  TO  INQUIRIES. 


(d)  If  thla  style  of  coupling  U  coyered  by  patent, 
now  can  I  obtain  the  right  to  use  same  in  a  machine 
I  think  of  building?  (e)  If  patented,  how  can  I  find 
out  the  patentee's  name  and  address? 

C.  O.  S.,  Schenectady,  N.  Y. 

An8.— (a)  The  feature  of  D  sliding  In  C,  permitting 
change  of  distance  between  centers  of  couplings, 
may  be  patented  in  combination  with  the  other  parts 
of  this  particular  make-up  of  an  old  well-known 
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mechanism.  We  think,  however,  that  a  patent  of 
this  kind  could  not  be  sustained.  You  may  find  out 
if  a  patent  exists,  as  well  as  thename  of  the  patentee, 
by  having  a  patent  attorney  make  a  search  for  you 
in  the  patent  office  at  Washington.  The  usual  fee 
is  $5.00.  (6)  Working  satisfactorily  means  for  a 
mechanism  first  of  all  that  it  fulfils  the  purpose 
for  which  it  is  intended.  Now  the  purpose  of  using 
two  universal  joints  connected  by  an  intermediate 
shaft  is  to  have  uniform  motion  of  the  driving  shaft 
A  result  in  uniform  motion  also  of  the  driven  shaft 
B,  otherwise  one  coupling  would  suffice.  To  secure 
the  uniform  motion  of  B,  however,  two  more  condi- 
tions must  be  fulfilled,  namely :  (1 )  The  angle  between 
shafts  B  and  C  must  be  equal  to  that  between  A  and  C. 
Thus,  if  th^  position  of  A  and  C  is  fixed,  the  center 
line  of  B  may  have  any  position  on  a  cone  whose 
apex  angle  is  double  that  between  A  and  C,  as  indi- 
cated in  Fig.  2,  at  B,  B^  B^,  etc.  (2)  The  two  coup- 
lings must  be  symmetrically  arranged;  that  is  to  say, 
the  member  a  6  of  the  cross  of  the  one  must  fall  into 
the  plane  determined  by  A  and  C  at  the  same  time 
as  the  member  a'  V  of  the  other  falls  into  the  plane 
determined  by  B  and  C.  The  last  condition  is  not 
fulfilled  in  the  device  shown,  which  will  have  the 
effect  that  Instead  of  the  irregularity  of  motion 
imparted  trom  ^  to  C  by  the  first  coupling  being 
neutralized  by  the  second  coupling,  it  will  be  doubled. 
The  device  will  thus  not  work  satisfactorily  in  any 
case  until  you  turn  either  one  of  the  couplings 
90°.  Supposing  the  evil  just  mentioned  to  be 
remedied,  the  angle  x  is  limited  by  (1)  interfer- 
ence of  the  parts;  (2)  vibrations  caused  in  the  mid- 
dle section  C,  its  motion,  unlike  that  of  A  and  B, 
not  being  uniform.    At  moderate  speed,  however,  the 


r^^-X'ii^ 
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Fig.  2. 

angle  may  be  as  great  as  4.')*^,  making  a  total  deflec- 
tion of  A  against  B  of  90^,  all  that  is  ordinarily  asked 
for.  (c)  Depends  on  the  speed,  (d)  By  making  an 
agreement  with  the  patentee,     {e)  See  (a). 

* 
«  ♦ 

(379)  Will  you  explain  how,  in  selecting  slate,  a 
person  can  tell  the  dLfference  between  good  and  bad 
quality  ?  D.  G.  W.,  Boston,  Mass. 

Ans.— When  inspecting  a  quantity  of  slate,  at  least 


six  samples,  taken  promiscuously,  should  be  de- 
manded, and  their  thickness  noted,  to  determine 
whether  they  are  up  to  the  requirements  of  the  speci- 
fications. When  possible,  the  entire  lot  should  be 
Inspected.  The  qualifications  of  good  slate  are  that  it 
shall  be  hard  and  tough,  not  tender  or  fHable  at  the 
edges,  and  should  give  a  sharp  metallic  ring  when 
struck  with  the  knuckles.  It  should  not  split  under 
the  slater's  tool,  should  be  easily  holed  without 
fhicture,  and  should  not  contain  white  Iron  pyrites. 
Where  a  slate  feels  smooth  and  greasy  to  the  touch, 
absorbs  moisture  if  placed  in  water,  splits  while 
being  holed  or  trimmed  at  the  edges,  breaks  when 
pressed  upon,  or  emits  a  clayey  odor  when  brotthed 
upon.  It  is  bad  and  liable  to  premature  decay. 

* 
*  « 

(380)    Please  tell  me  how  to  make  a  dry  battery. 

H.  E.  M.,  Groveland,  Mass. 

ANS.— The  containing  vessel  should  be  of  cylin- 
drical form  and  made  fh>m.  sheet  zinc,  covered  out- 
side with  pasteboard.  The  carbon  must  present  a 
large  surface  and  may  be 
either  a  cylinder  small 
enough  to  go  Inside  the 
zinc  vessel  without 
touching,  or  a  bundle  of 
rods,  the  tops  of  which 
are  held  together  by 
being  dipped  in  melted 
lead.  A  bundle  of  arc- 
light  carbons  will  an- 
swer the  purpose.  The 
battery  shown  in  the  cut 
is  one  using  a  carbon  cell 
instead  of  a  bundle  of 
rods,  but  the  bundle  of 
rods  should  work  equally 
well.  The  space  between 
the  carbon  c  and  the  zinc 
z  is  filled  with  a  paste  / 
made  of  charcoal  3  parts, 
mineral  carbon  or  graph- 
ite 1  part,  peroxide  of 
manganese  3  parts,  white 
arsenic  oxide  1  part,  a 
mixture  of  glucose  and 
dextrine  or  starch  1  part, 
hydrate  of  lime  (dry)  1 
part;  all  parts  are  by 
weight.  Mix,  and  thor- 
oughly work  these  into  a  paste,  using  a  solution 
composed  of  equal  parts  of  saturated  solution  of 
chloride  of  sodium  (common  salt)  to  which  is  added 
^  volumeof  a  solution  of  bichloride  of  mercury  and 
an  equal  volume  of  muriatic  add.  Seal  the  cell 
with  a  solution  made  by  cooking  together,  for  several 
hours,  equal  parts  of  rosin  and  parafiin. 

«  * 

(881)  (a)  Why  is  the  starting  rheostat  of  both 
series  and  shunt  motors  connected  to  the  n^atlve 
side  of  the  line?  (6)  What  would  be  the  result  If  it 
were  connected  to  the  positive  side?  I  don't  under- 
stand how  the  rheostat  prevents  the  armature  firom 
being  burnt  out,  if  the  current  passes  first  through 
the  armature  and  then  through  the  rheostat,  (c)  How 
does  a  rheostat  regulate  the  speed  of  a  shunt  motor 
after  full  speed  has  been  attained? 

F.  S..  Cleveland,  Ohio. 

Ans.— (a)  A  starting  box  need  not  be  connected  to 
the  negative  side  of  the  line  for  any  particular  rea- 
son. It  is  immaterial  in  which  direction  the  cur- 
rent flows  through  the  rheostat,  (b)  If  the  starting 
box  were  connected  to  the  positive  side  of  the  line, 
the  motor  would  behave  exactly  as  before.  The  cur- 
rent does  not  select  any  portion  of  a  series  circuit  for 
an  exhibition  of  its  heating  properties.    The  circuit 
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Held,  and  startiDg  box.  bu  s  definite  realsUnce,  and 
the  current  reaclie>  the  lame  strength  In  alt  parti  of 
the  circuit  at  the  uime  Instant,  Shunt  and  leiies 
molora  con  be  cooidered  so  betiig  alike  In  thl> 
rapect,  u  the  shnnt'aeld  oiDdltig  does  not  affect 
the  armature  circuit  In  the  leait.  (c)  A  ilartlng  box 
li  Dsed  only  to  brlDg  the  motor  gradually  up  to 
toll  apeed,  and  ihoxM  not  be  uiaJ  for  ipeed  rtgalalion 
after  that.  If  variation  In  apeed  la  required,  a  regu- 
lating rbeoatBt  ahould  be  placed  In  the  field  cir- 
cuit, and  another  In  the  armature  circuit,  Inaett- 
Ing  resleunce  In  the  Beld  circuit  will  raiit  the 
■peed  of  tbe  motor;  Inaertlng  reelilaDce  Id  the  arma- 
ture circuit  will  loum  the  speed  of  the  motor.  In  tbe 
caae  of  a  conatant-cuirent  lerlea  motor,  tbe  speed  of 
the  motor  can  be  farted,  either  hj  cutting  In  or  out 
■ecllonaof  the  field  orbrsbuntlnglt  with  iTarlable 
realilauce.  In  any  cues  redaction  In  QelditiengUi 
will  cauae  an  incmie  In  apeed  Of  the  annature. 
See  article  "Connections  for  CoDtlnaoD»Carreat 
Uotor^"  Id  NOTember.lgvn,  number  of  tblanugaxlne. 


(3S2)  (a)  What  Ij  the  greal«t  number  of  feet  a 
centilfiigal  puDip  will  lift  water,  and  to  what  heUbl 
can  It  be  dUehargedT  (A)  la  there  any  workihop 
method  for  dliUngulihIng  iteel  from  Iron,  or  la  a 
chemical  analyila  neceeaai7T  |c)  It  la  claimed  that 
telephone  commonlcatloD  can  tie  made  through 
UmetalUc  wire  when  on»-half  mile  of  tbe  latter  la 
Ijlng  In  mud.  Doea  thia  apply  to  elrculta  wltb  earth 
rMom,  and  If  ao,  bow  can  thli  property  be  explained  T 
(d)  Would  talking  be  Clearer  oyer  No.  8  than  o»er 
No.  12  iron  wire,  or  would  the  Increaaed  dliturbance 
reaultlng  Uttm  external  and  earth  currenta  eliminate 
the  advantage  of  tbe  lower  leglitance  of  tbe  larger 
wire?  E.  H.  L.  C,  Caracaa,  Veneinela. 

Am.— la)  Tbe  gresCeat  height  at  which  a  centrif- 
ugal pump  ahould  be  placed  above  the  water  iDpply 
la  about  26  feet;  tbe  pump  will  draw  water  to  thIa 
height  only  under  very  favorable  oondltioni.  Tbe 
mailmam  total  height  above  the  level  of  the  aupply 
to  which  water  may  be  ralaed  by  a  single  centrifugal 
pump  la  probably  not  sealer  than  SO  or  75  fecL 
Practically,  It  li  found  that  pumpa  cannot  be  worked 
■accenfUlly  under  toUl  heada  of  more  tban  40  or  50 
feet,  and  under  Ufta  of  thIa  amount  their  effideney 
la  rather  low.  (b)  The  slmpleat  teat  for  dlatlngulib- 
Ing  between  wrought  iron  and  ateel  it  to  break  tbe 
epedmen  by  nicking  llgblly  and  bending  it  carefully 
acroa  the  grain.  The  alructure  will  tbua  be  abown 
quite  clearly,  and  If  the  apecimen  is  wrought  iron, 
the  lecture  will  present  a  ralber  coarsely  flbroui 
appearance,  due  to  Ibe  Intermix  tuie  with  tbe  Iron  of 
tbreada  of  slag:  while  steel,  depending  on  Ita  com- 
podtlon  and  quality,  will  show  either  a  fine  ailky  or 
a  more  or  lc«  coaraely  granular  or  cryilalllne  frac- 
tuie.  The  above  tett  la,  however,  not  a  cooclualve 
one.  If  l)ie  spectraen  la  Dot  broken  In  Just  tbe 
right  way.  It  may  show  a  coaree  cryatalUne  fracture, 
even  If  tbe  material  Is  a  Bne  grade  of  wrought  Iron 
or  soft  sleel.  The  alag  may  also  be  ao  thoroughly 
worked  out  of  wrought  Iron,  especially  If  the  apeci- 
men la  a  tmall  one.  aa  to  give  It  a  n-actuie  very  much 
like  that  of  soft  steel.  A  somewhat  more  conclusive 
teat  Ij  to  etcb  a  nnooth  aectloti  of  the  apecimen  with 
a  strong  acid;  Ibe  acid  will  eat  away  the  metal,  and, 
if  the  specimen  Is  wrought  Iron,  Ihe  alag  will  be 
easily  aeeu.  |r|  The  atatemeni  probably  referred  to 
a  complete  metallic  wire  circuit.  In  which  caaealmoat 
any  wire  would  work  If  there  were  only  the  one 
ground.  In  caae  of  an  earth  return.  If  the  conduc- 
tivity of  the  wire  were  very  high  compared  lo  the  COD- 
duclivliy  of  the  mud,  then  enough  current  might  flow 
through  the  wire  beyond  the  mud  to  operate  the 
lelei^ione.  A  bimetallic  wire  baa  a  lower  realatance 
than  an  Iron  wire,  but  higher  than  a  copper  wire  of 


theaameoulaldedlametar;  therefore.  If  the  claim  you 
mention  Is  accepted  aa  an  advantage  of  a  bimetallic 
wire,  then  a  copper  wire  la  atll]  more  advantageous. 
Id)  Except  for  a  very  long  line,  there  would  be  no 
advantage  In  naing  the  No.  8  wire  over  the  No.  12. 
If  by  external  eurrenU  you  mean  enrrents  Induced 
In  the  telephone  circuit  by  nelghtxjrlng  telephone, 
electric-IIght,  or  atreel-rallway  circuits,  then  the  No.  B 
would  be  no  better  than  the  No.  12,  In  regard  to 
earth  currenia,  there  would  be  practically  no  differ- 
ence. If  your  telephone  line  is  noisy  use  a  wire  In 
place  Of  an  earth  return,  andtranspoaetbetwo  wirea 
about  every  fourth  or  half  mile. 


J?2 


(ul  What  Blie  motor  will  Ituketo  propel  a 

■foot  skiffat  the  rate  af5mllea  an  hour?  (h)  Wbat 
alie  and  what  bind  of  battery  will  be  requlr^T 

Fleaae  give  me  directions  for  maklnga  3-Inch  medical 
ooinhac  will  make  a  person  "dance." 

F.  a.,  Palatksi,  Fla. 

Am.— (a)  To  drive  the  boat  at  this  apeed  will 
require  about  a  (-horsepower  motor,  (b)  Use  a  ator 
age  battery,  wltb  the  cells  so  conatmcled  that  there 
willbenoposalbilltyofapllllng.  The  slie  of  battery 
will  depend  altogether  on  how  long  you  want  to  run 
without  recharging.  If  you  wound  the  motor  for 
80  volts,  you  would  need  about  40  cells  of  battery, 
aud  each  cell  ahould  have  in  the  neighborhood  of 
45  am pere-bours  capacity  for  a  lO-honr  ran.    (r)  We 

—  -    --* -    give  directions  for  malting 


molon  in  there  oolumna.  Address  tbe  Rlker  Klec- 
iric  Motor  Co.,  Brooklyn,  N.  Y„  or  the  Mlanus  Elec- 
tric Co  ,  Mianua,  Conn,  (d)  Make  two  circular 
hardwood  heads  about  11  Inches  in  diameter  and 
1  inch  thick.  Press  these  on  the  ends  of  a  round 
core,  made  up  to  a  diameter  of  j  Inch  out  of  lengtha 
of  stovepipe  wire  ^  Inches  long.  Insulate  the  core 
with  two  or  three  tblckneseea  of  heavy  paper,  and 
wind  on  two  layers  of  No.  16  B.  &  3.  double-covered 
wire,  bringing  out  the  ends  through  the  hardwood 
head.  Cover  this  primary  coll  with  four  thicknesses 
of  heavy  paper  of  good  quallly.  and  then  wind  the 
remainder  of  the  apool  full  of  No.  36  B.  &  S.  double- 
covered  wire.  Put  a  layer  of  paper  between  every 
four  or  five  layers  of  wire,  and  atlach  the  termlnala 
of  the  secondary  coil  to  binding  posls.  Arrange  an 
ordinary  contact  maker  at  one  end  of  the  coll.  The 
figure  will  show  you  how  tbe  battery  Is  oonnected  In 

the  contact  maker.  C  represents  the 
small  piece  of  Iron  mounted  on  a  flat 
and  A' form  Ibccontacta.ao  that  when  H 
the  circuit  is  broken,  and  Ihe  arm  i 
vibrate,  thus  making  and  breaking  thee 
secondary,  or  Sne-wire,  coll  is  not  ibown 


ore;  II  Is 
pring  F:  D 


(3f)t)  On  page  M  of  tbe  "Mechanics'  Pocket 
Memoranda.'^  third  edition,  there  is  given  Ihe  de- 
'lopment  of  tbe  slope  sheet  of  a  bailer,    (a)  In 
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so,  what  method  should  be  used?  (6)  Od  page  92, 
should  the  radii  a  6.  6  c.  etc.,  in  Pig.  F,  be  equal  to 
arcs  of  the  same  name  in  Fig.  C?  (c)  How  is  the 
thickness  of  the  metal  allowed  for?  (d)  In  finding 
the  volume  of  a  spheroid,  why  is  it  necessary  to 
square  the  revolving  axis?      E.  J.  8.,  Camden,  N.  J. 

Ans.— (a)  Yes;  the  development  is  most  easily 
accomplished  by  the  method  shown  in  Fig.  l.  Cor- 
responding points  are  designated  in  this  illustration 
by  letters  similar  to  those  in  the  "Mechanics'  Pocket 


Memoranda."  (b)  Yes,  after  allowing  for  the  thick- 
ness of  the  metal,  (c)  As  in  Fig.  2;  layoff  the  stretch- 
out po'm',  etc.  to  p\  and  make  p'x  equal  to  the 
required  allowance.  After  describing  the  arc  as 
shown,  draw  p'  p^'  and  corresponding  parallels  from 
each  point  on  the  stretchout.  Draw  pp'' and  measure 
each  arc  in  the  pattern  on  this  line.  All  distances 
in  the  direction  of  curvature  should  be  treated 
in  a  similar  manner,  whether  the  development  is 
accomplished  by  means  of  parallel  lines,  as  on  page 
90,  or  by  triangulation,  as  on  page  92.  {d )  Volume,  or 
cubical  dimension,  is  an  expression  Implying  exten- 
sion in  three  directions,  obviously,  three  linear 
,        ,  ,       ,     factors  must  be 

p^.=^ — ??^^Y — T^— T ^  employed  for  all 

I;  solids,  a.s  in  the 
case  of  the  cube, 
whose  volume  is 
the  product  of  its 
length,  breadth, 
and  thickness. 
When  the  volume  of  the  spheroid  is  sought  by  the 
formula  ^n  a^  A^  it  is  apparent  that  one  dimension 
is  represented  by  A,  the  fixed  axis,  and  It  is  there- 
fore necessary  to  take  the  revolving  axis  n  twice  as  a 
factor— or,  in  other  words,  to  square  the  revolving 
axis— in  order  that  the  extension  of  the  solid  in 
three  directions  may  be  accounted  for.  The  prod- 
uct thus  obtained,  as  in  the  case  of  the  sphere,  is 
then  multiplied  by  the  constant  \  n,  or  .5236,  to 
include  only  such  dimensions  as  are  enclosed  by  the 
curved  surface  of  the  solid. 


Fig.  2. 


(385)  (a)  Are  lioenied  engineers  and  pilots  re- 
quired on  iteam  laonchet  of  all  sixeB?  (b)  Do 
launches  operated  by  gasoline,  naphtha,  and  elec- 
tricity require  licensed  pilots  and  engineers?  (e) 
Are  licensed  engineers  required  for  stationary  steam 
eneines?  (d)  Are  graduates  from  institutes  of  tech- 
nology and  holding  the  degree  of  M.  E.  required  to 
pass  examinations  oefore  practicing  in  thdr  profes- 
sion ?  H.  I.  W.,  CreasklU.  N.  J. 

Ana.— (a  and  b)  For  steam  launches,  not  exceed- 
ing 10  tons  register,  a  special  engineer's  license  is 
required,  if  the  boat  comes  under  the  jurisdiction  of 
the  Board  of  Supervising  Inspectors  of  Steam  Vessels. 
Any  person  may  be  licensed  as  engineer  on  vessels 
propelled  by  gas,  fluid,  naphtha,  or  electric  motors, 
of  15  tons  gross  or  over,  engaged  in  commerce,  if, 
after  examination  in  writing,  the  applicant  is  found 
to  be  dnly  qualified.  For  small  plessure  boats  com- 
ing under  the  sapervision  of  the  Board,  a  special 
pilot's  license  is  required.  The  owners  of  such  ves- 
sels may  hold  this,  and  also  the  special  engineer's 
license,  if  fonnd  duly  qualified  on  examination,  (e) 
Some  states  and  quite  a  number  of  cities  require  the 
licensing  of  stationary  engineers.  ( d )  No;  nnless  they 
wish  to  become  marine  engineers.  Then,  the  time 
spent  at  college  is,  by  law,  declared  to  be  the  equiva- 
lent of  two  years'  actual  sea  service;  three  years'  sea 
service  is  required  before  an  applicant  can  be  exam- 
ined. Ordinances  and  laws  relating  to  the  licensing 
of  stationary  engineers  make  no  allowance  for  time 
spent  at  college;  at  least  not  to  our  knowledge. 

« 

(386)  (a)  Why  is  water  sucked  fh>m  the  boiler 
into  the  cylinder  of  an  engine  when  working  under 
a  heavy  load,  the  boiler  being  fUU  of  water  and  the 
steam  pressure  high?  (b)  Suppose  a  boiler,  havlnga 
hot  fire  under  it,  to  have  evaporated  all  the  water: 
would  the  steam  remain  in  the  boiler?  (c)  If  cold 
water  were  now  pumped  into  this  boiler  would  it 
explode?    (d)  If  so;  why?        P.  K.,  St.  Louis,  Mo. 

Ans.— (a)  When  the  engine  works  hard,  a  great 
deal  of  steam  must  be  supplied  to  it.  To  supply  this 
steam,  the  water  must  be  evaporated;  that  is,  steam 
must  be  formed  and  rise  ftom  the  water  very  rapidly. 
The  bubbles  of  steam  that  rise  fkt>m  the  surface  of 
the  water  carry  up  particles  of  water  in  the  form  of 
a  spray,  and  this  water  is  carried  by  the  current  of 
steam  through  the  pipe  and  into  the  cylinder.  If 
the  water  in  the  boiler  is  low,  and  there  Is  a  large 
steam  space,  the  current  of  steam  through  the  steam 
space  will  not  be  so  rapid  and  will  carry  less  water 
to  the  pipe.  (6)  Some  steam  would  remain  in  the 
boiler  unless  air  or  some  other  gas  was  allowed  to 
enter  and  drive  the  steam  out.  (c)  There  would  be 
danger  of  causing  an  explosion,  especially  if  the 
plates  were  allowed  to  get  very  hot  (d)  The  cold 
water  would  cause  the  hot  plates  to  contract  very 
rapidly  and  unevenly,  thus  producing  severe  stresses 
that  would  be  likely  to  fracture  them.  .\lso,  when 
the  water  touched  the  hot  plates,  great  quantities  of 
steam  would  be  suddenly  formed  and  a  heavy  pres- 
sure produced. 

«  « 

(387)  Will  you  tell  me  hnw  to  galvanize  small  iron 
bolts,  nails,  etc.  ?  J.  K.  M.,  Charleston,  Warii. 

Ans.— The  articles  to  be  galvanized  are  first  thor- 
oughly cleansed  by  placing  them  in  a  pickle,  next 
rinsing  them  off.  then  submerging  in  a  solution  of  zinc 
salt,  and  connecting  with  the  positive  pole  of  a  bat- 
tery. Zinc  plates  connected  with  the  negative  pole 
are  suspended  in  the  fluid  and  the  electric  current 
turned  on.  The  surface  of  zinc  produced  in  this 
manner  may  be  given  a  metallic  luster  by  quickly 
moving  the  article  over  a  fire.  An  excellent  pickle 
for  iron  is  obtained  by  mixing  10  quarts  of  water 
with  28  ounces  of  concentrated  sulphuric  acid,  dis- 
solving 2  ounces  of  zinc  in  the  mixture,  and  adding 
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13  oancea  of  nitilc  add.  Thli  mixture  makei  tbe 
IroQ  objeot  bright,  while  they  become  bitck  In  dilate 
■ulphutloadd.  To  cleente  badly  nuted  Iron  objecta 
wlthont  attacking  the  Iron  Itaelf.  It  li  reoommeaded 
to  pickle  them  In  a  GoncanCnt«d  aolatlon  of  chloride 
of  tin.  whlcb.  howfiTer,  itaoald  notooBIalD  loo  much 
free  acid,  u  olheririBe  the  Iron  li  altaeked.  The 
daratlou  of  the  pickling  deptmda  on  the  thlcknmof 
the  acale,  etc  that  li  to  be  remoTod,  Tiie  pickled 
atUclea  are  rlnaed  In  oold  waMr,  theo  Immened  In 
hot  water,  and  dried  In  nirdiut.  In 
order  to  neutrallie  the  add  remaining 
Id  (Ike  pOTflB.  It  li  odvlwble  to  make 
tbe  rlnslDg  water  alkaline  by  the  addi- 
tion of  canitie  Kida.  The  following 
line  bath  Ii  reoommended:  Sulphate  of 
zinc.  2.S  ouuc«i  ammontnm  nilptaate, 
1]  onncei;  nl  ammoniac.  II  drama: 
water.  I  quart.  Dlaolve  tbe  laltt  In 
the  hesled  vater  and  lue  the  bath  at 
«8°F.  TheelectrlccnrrentibonldoDl; 
be  ■llghUr  greater  than  neceaaai?  for 
the  decompodtlonofthe  bath;  the  moat 
■oltable  tendon  1«  2.S  to  3  valti.  Ai 
anodes,  rolled  dnc  aheeti  of  not  too 
•mall  dimension  are  u>  be  used. 


(9SN)    (a)  Kind]*  give  me  a  ikelch 
and  eiplanatloDoia  com  penaatlng  gear 
aiappUed  lo  tbeanlomoblle.    (»)  Show  me  how  tbe 
different  moHoDi of  tbe  wheel* in  turning  the  vehicle 
are  obtained  wlthont  dther  wheel  grinding  In  the 
ground.  J.  v..  C„  Whaallng,  W,  Va. 

Anb.— (0)  The  acoompaoylng  aketch  li  ■  diagram 
■bowing  tbe  principle*  of  conatructlon  of  tbe  com- 
penaatlng  gear  tuuallr  applied  to  antomobllea.  In 
thli  aketch,  u  li  a  ahait  to  which  the  wheel  c  U 
keyed.  On  thli  ihaft  l>  a  aleeve  b  to  wblch  the 
wheel  d  1>  keyed.  A  ipur  wheel  e  li  driven  by  the 
molur:  thit  wheel  reTolTcs  freely  on  the  ihaft  a,  aod 
carrlea  two  bevel  wheels/,/ that  re  volvt  on  pine  died 
to  the  anuB  or  web  of  the  wheel.  The  bevel  wheel! 
//are  in  meah  with  two  bevel  wheeli  g  and  h;  ff  I> 
keyed  lo  the  ihaft  a,  and  h  it  keyed  lo  the  sleeve  b. 
Now.  If  the  vehicle  Is  running  itralght  ahead  and 
each  of  the  wheels  c  and  it  travels  the  nme  distance, 


both  wheels  will  be  driven  tnm  the  motor  with  the 
■ame  amount  of  fbrce.  (ft)  Tbe  above  deacrlpUoD 
will  show  how  the  turning  motions  referred  lo  to 
your  qnestion  are  obtained. 

(3891    What  muit  be  the  capadly  of  a  tank  made  of 

tV-lnch   platea  to   inpporl   a    person  weighing  160 

pounds  In   water,   as  shown  by  enclosed   sketch 

(Fig.  1]T  A.M.  J..  Los  Angeles.  Cal. 

AHs.— This  depends  on  the  form  and  dimensions  of 

the  tank,  and  Che  material  of  which 

the  tank  Is  mads.    Let  the  tank  be  a 

prlsmaUc  box  having  a  cnM»«ectlon 

as  shown  In  Fig.  2.  and  having  two 

covers,  each  b  Inches  long,  (d  +  2t) 

inches  wide,  and  I  iuchea  thick.  Also. 
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let  A  ^  height  of  tank  (not  Including  covers): 
tc  =  welghtofthe  material  percublclDch.  In  pounds: 
and  u'  =  weight  of  the  water  per  cubic  Inch,  In 
pounds.  Then,  tbe  box  will  be  just  flush  with  the 
surface  of  the  water,  when  tbe  following  equation  Is 
satlaned: 

2la'[^b  +  d)  +  b(d-\-2l]]  +160 

-ftii-'(d  +  2()(ft  +2(|. 

hy  assuming  any  three  of  the  four  dimendons,  the 

other  may  be  fOand  from  tbls  equation,  and  then  the 

contents  ti  of  the  tank  Is  given  by  the  formula 


=  rfft(ft-2(). 


uUeaftj 


r  are  these  mantles  madeT 

C.  W.  a.  Milwaukee,  Wis. 
-|a)  Thorium  Is  one  of  ihe  rare  elements:  It 
n  tbe  mineral  thorlle.  which  Is  composed  of 
1  oilde  and  dllca.  ThorU  TkO,.  the  oiide, 
In  the  manufacture  of  Incandescent  mantles, 
actual  details  regarding  the  manufacture 


tbe  whole  mechanism  revolves  together.  If,  how- 
ever, one  of  tbe  wheels  (c,  for  example)  is  held,  while 
dlsfrec  to  move,  the  spur  wheel  c  will  revolve  on  the 
shaft  a,  the  bevel  wheels/,/  will  roll  on  g,  and  by 
thslr  motion  will  drive  the  wheel  h  and  with  It  Che 
deeve  b  and  wheel  d.  By  this  means  either  wheel 
may  he  held  sCaClonary,  or  one  wheel  may  move  at 
a  slower  rale  than  the  other,  and  at  [he  same  time 


iidng  tbe  cadmium  lest  plateT 

Ans.-You  w 

cells  described  in  the  New  York  "  Elec'rical  Engi- 
neer," Vol.  23.  page  464.  The  plate  of  cadmium  la 
mounted  in  ahard-rubber  frame  and  Immersed  in  the 
electrolyte.  The  E.  M.  F.  la  Chen  read  between  the 
plate  and  thepodtlveand  negative  plalea  of  the  cell. 
During  the  charge  the  cadmium  plate  reads  negative 
lo  Ihe  negaCIve  plate  of  the  battery  until  the  cell  Is 
nearly  charged,  when  tbe  reading  should  be  scro. 
The  charge  should  be  continued  until  the  cadmium 
reads  about  .2  of  a  volt,  positive  to  Che  negative 
plate,  while  charging  aC  the  nonnal  rate,  in  using 
Che  place  it  should  be  shaken  occasionally  Co  remove 
any  bubbles  of  gas  that  may  have  formed  on  Ibc 
surface,  and  the  place  should  be  washed  with  water 
every  time  It  Is  taken  from  the  cell. 
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(392)  (a)  Show  how  to  find,  graphically,  the  cor- 
rect radiiu  of  a  Stephenson  link,  by  scribing  the  out- 
lines of  the  link  on  a  board  and  then  flndins  the 
radius  with  a  pair  of  trams.  (6)  If  the  eccentrics  of 
a  link  motion  are  properly  set  and  the  link  is  raised 
to  a  central  position  and  steam  is  turned  on,  will  the 
engine  run  In  either  direction  if  what  is  known  as 
"open  rods"  are  used?  {c)  In  a  crossed-rod  link 
motion,  does  the  valve  occupy  a  central  positl<ui 
when  the  link  is  raised  to  a  central  position? 

F.  W.  G.,  Rockmont,  Wis. 

Ans.— (a)  If  the  eccentric  rod  and  strap  are  at  hand, 
you  can  first  get  f^om  them  the  link  radios  to  within 


O- 
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an  inch  or  so.  If  it  is  short  enough  (say  not  more 
than  8  feet)  to  enable  you  to  handle  the  trams  your- 
self, you  can  find  the  center  of  the  arc  by  trial.  Let 
A  B,  Fig.  1,  represent  the  arc  of  link,  as  marked  out 
on  the  board.  Bisect  AB  At  C,  and  with  any  con- 
venient radius  and  A  and  B  as  centers,  strike  two  arcs 
intersecting  at  D.  Join  C  D  and  produce  to  0;  the 
center  of  the  link  arc  will  lie  somewhere  on  CO. 
Set  your  trams  to  P  C  and  try  the  arc  over.  If  the 
tram  point,  while  touching  arc  at  C,  falls  short  of 
A,  £,  as  at  a,  6,  your  trial  radius  is  too  short  Next 
try  <?  C.  If,  now,  the  point  falls  beyond  the  arc  at 
a',  V  while  touching  at  C,  the  radius  is  too  long. 
Using  good  judgment,  the  next  trial  radius  J2  Cmay 
be  the  correct  one.  If  the  radius  is  too  long  for  the 
foregoing  method  to  be  conveniently  applied,  try 
the  IfoUowing:  With  a  radius  about  as  shown  in 
Fig.  2,  strike  arcs  A\  W  from  the  ends  A  and  B  of 
link,  respectively.  Join  A  A'  and  B  Bf  and  bisect  the 
chords  thus  found  at  A"  and  Bf',  From  the  ends  A 
and  A'  of  the  chord  A  A*  describe,  with  any  con- 
venient radius,  short  arcs  intersecting  at  A'"\  do  the 
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same  for  the  chord  B  B*,  obtaining  the  point  of  inter- 
section B'".  Join  A"  A'"  and  J?"  B"\  intersecting  at 
O.  O  will  be  the  center  of  the  circle  of  which  the 
arc  i4  £  is  a  part;  in  other  words,  the  distance  from  0 
to  any  point  on  the  arc  is  the  radius  required.  (6)  We 
should  say  not.  Your  words  "properly  set"  leave 
room  for  quite  a  little  speculation.  Also,  you  do  not 
say  anything  as  to  position  of  cranks  when  attempt- 
ing to  start.  Although  the  engine,  with  normal  valve 
setting,  would  not  be  likely  to  start  in  any  position, 
yet  it  would  be  less  able  to  do  so  in  some  positions 


than  in  others.  See  reply  to  inquiry  No.  124,  in  June 
issue  of  "  The  Mechanic  Arts  Magasine."  If  the  reach 
rod  were  too  long  in  the  first  place  and  the  valve  g«ar 
is  very  much  worn  and  also  is  set  with  excessive  full- 
gear  lead,  then,  of  course,  the  lead  (which  consti- 
tutes the  port  opening  in  mid-gear)  will  be  increased. 
But  you  must  bear  in  mind  that  this  occurs  when 
that  particular  crank  is  on  dead  center  and  haa, 
therefore,  no  turning  effect;  true,  the  other  crank  is 
at  90°,  but  its  port  will  be  closed  to  steam,  (e)  This 
part  of  the  question  admits  of  no  definite  answer.  It 
all  depends  on  where  the  crank  is.  In  the  case  both 
of  open  and  of  crossed  rods,  there  are  two  crank 
positions  in  every  revolution  wherein  the  valve  is  in 
the  center  of  its  travel. 

(393)  In  the  factory  in  which  I  am  employed  there 
are  two  500- volt  generators:  one,  100  kilowatt;  and 
the  other,  80  kilowatt.  These  generators  are  1.500 
feet  apart;  they  are  driven  by  duTerent  engines,  and 
are  in  charge  of  different  persons,  (a)  Can  thev  be 
worked  together,  both  feeding  into  the  same  mains? 
(6)  If  so,  how?  D.  C.L.,  Springfield,  Ohio. 

Akb.— (a  and  h)  It  would  not  be  an  easy  matter  to 
operate  machines  in  parallel  tinder  the  conditions 
you  name;  you  would  find  it  very  difficult  to  make 
each  machine  take  its  proper  share  of  the  load.  A 
better  way  would  be  to  split  the  wiring  system  into 
sections,  so  that  each  dynamo  would  have  its  own 
particular  section  to  supply  with  current  and  woold 
work  independently  of  the  other.  This  would  be  a 
much  more  satisfactory  way  than  to  attempt  to  oper- 
ate the  machines  in  parallel  under  the  conditions. 

» 

(394)  (a)  I  run  an  Edison  40-kilowatt,  110-volt 
shunt-wound  dynamo,  and  wish  to  know  if  there 
would  be  any  danger  of  damaging  the  dynamo 
should  the  field  switch  be  opened  when  the  machine 
is  carrying  a  load  of  about  240  amperes.  We  fre- 
quently have  short  circuits  on  the  line;  and  as  we 
nave  no  fuses  or  circuit-breakers,  will  it  be  safe  to 
open  the  switch  ?  (6)  I  have  a  small  magneto  gener- 
ator such  as  are  advertised  as  "  hand-power  dyna- 
mos," and  wish  to  wind  the  armature  (formerly 
wound  with  No.  40  wire)  so  as  to  get  a  direct  current 
at  high  E.  M.  F.  What  size  wire  should  be  used  in 
rewinding  It?  H.  B.  G.,  Idaho  Springs,  Col. 

Ans.— (a)  It  is  not  generally  advisable  to  open  the 
field  circuit  of  a  shunt-wound  dynamo  when  the 
machine  is  in  operation.  There  is  danger  of  dam- 
aging the  insulation  of  the  field  coils  because  the 
high  induced  E.  M.  F.,  generated  when  the  circuit  is 
suddenly  broken,  is  liable  to  puncture  the  Insulation. 
It  would  be  far  better  to  have  some  kind  of  main 
switch  in  the  circuit,  that  is,  a  switch  of  the  knife- 
blade  variety  that  will  be  fully  capable  of  breaking 
240  amperes  without  undue  arcing  at  the  contacts. 
No  [dynamo  should  be  installed  without  a  main 
switchof  this  kind,  and  if  yon  have  no  such  switch 
it  would  certainly  pay  to  put  one  in.  If  you  so 
desire  you  can  break  the  field  circuit  without  any 
danger  if  you  first  cut  in  the  rheostat  so  as  to  reduce 
the^field  current  to  the  lowest  possible  amoimt;  it 
would  then  be  quite  safe  to  break  the  circuit  for  a 
machine  of  this  voltage,  but  such  a  method  of  throw- 
ing the  load  off  the  machine  should  be  looked  on  as 
a  makeshift,  and  the  best  way  would  be  to  have  the 
machine  properly  equipped  with  a  main  switch  and 
also  with  a  circuit-breaker,  {b)  If  you  wish  direct 
current  for  this  machine,  you  must  provide  it  with  a 
commutator.  We  do  not  know  what  kind  of  arma- 
ture your  machine  is  provided  with,  so  we  cannot 
tell  what  kind  of  commutator  is  suitable.  Probably 
a  two-section  commutator,  such  as  is  used  on  many 
magneto  machines,  would  be  suitable  in  this  case. 
If  you  want  a  high  E.  M.  F.,  you  must  wind  the 
armature  with  a  large  number  of  turns  of  fine  wire. 
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If  your  armature  was  already  wound  with  No.  40  wire, 

we  do  not  see  how  you  can  make  things  much  better 

as  r^ards  E.  M.  F.  unless  you  Increase  the  speed  of 

your  machine,  because  it  would  not  be  practicable 

to  wind  the  armature  with  a  wire  any  finer  than 

No.  40.    If  you  put  on  any  larger-sized  wire  you  will 

not  be  able  to  get  on  as  many  turns,  and  hence  the 

armature  will  not  generate  as  high  an  £.  M.  F.  as 

it  did  with  the  old  winding. 

* 
«  * 

(395)  (a)  What  ii  conceded  to  be  the  best  method 
of  flanging  joints  on  wrought-iron  steam  pipes  as 
large  as  12  or  14  inches,  carnring  a  pressure  of  140 
pounds?  (6)  Is  it  necessary  to  peen  the  ends  of  the 
pipe  when  flanges  are  screwed  on  and  fit  iron  to 
iron?  (c)  Is  there  such  a  thing  in  steam  fitting  as  a 
screwed  flimged  joint peenei  f  (d)  Does  the  peening  of 
a  wroughMron  pipe  crystallize  the  mat^ial  and 
weaken  it?  C.  E.  W.,  Rankin,  Pa. 

Ams.— (a)  The  rules  and  regulations  of  the  Board  of 
Supervising  Inspectors  of  Steam  Vessels  specify  that 
all  lap-welded  or  riveted  wrought-iron  or  steel  steam 
pipes  over  5  inches  in  diameter  shall  be  flanged  as 
follows:  The  depth  of  the  bore  of  the  flange,  meas- 
ured in  the  direction  of  the  axis,  shall  not  be  less 
than  one-half  the  diameter  of  the  pipe.  The  bore  is 
to  be  bored  slightly  tapering,  being  largest  at  the 
face  of  the  flange.  The  end  of  the  pipe  is  to  be 
expanded  to  fit  the  tapering  hole,  and  then  beaded 
over  into  a  recess  into  the  face  of  the  flange.  In 
addition,  good  and  substantial  rivets  are  to  be  pat 
through  the  hubs  of  the  flanges  and  the  pipe.  The 
hub  of  the  flange  must  project  at  least  2  inches 
fh>m  the  back  of  the  flange.  With  steam  pipes  up 
to  5  inches  in  diameter,  the  flanges  may  be  screwed 
on.  Cast-iron  flanges  are  prohibited.  While  the 
above  rule  applies  only  to  boilers  on  steam  ves- 
sels, we  believe  it  to  be  good  practice  to  follow 
this  rule  in  sUtionary  work.  (6)  No.  (c)  Not 
that  we  know  of.  (d)  To  a  certain  extent  the 
material  at  the  bead  is  weakened,  especially 
when  the  beading  is  done  by  an  unskilled  work- 
man. However,  the  holding  power  of  the  flange 
is  increased  by  beading  the  end  of  the  pipe  into 
a  recess  in  the  face  of  the  flange. 

« 

(396)  (a)  Please  give  me  your  opinion  of  the 
accompanying  indicator  cards,  taken  m>m  an  18"  X 
42"  Corliss  enffine,  running  90  R.  P.  M.;  boiler  pres- 
sure, 80  pounds  per  square  inch;  scale  of  indicator 
spring,  60.  Exhaust  steam  is  used  for  heating  pur- 
poses. In  my  opinion,  there  is  too  much  lead  and 
compression,  and  the  back- pressure  line  is  not  high 
enough,  lb)  What  percentage  of  the  coal  do  you 
think  could  be  saved  by  a  proper  adjustment  of 
valves  and  eccentric?       L.  L.,  San  Francisco,  Cal. 

AN8.— (a)  The  valves  seem  to  be  pretty  well  set, 
and,  in  our  opinion,  there  is  little  chance  for  im- 
provement by  adjusting  either  valve  rods  or  eccen- 
tric.   The  compression  may  be  a  little  more  than  is 
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needed,  but  if  the  engine  runs  smoothly  we  would 
feel  well  satisfied  to  leave  it  as  it  is.  We  are  unable 
to  see  any  reason  for  wanting  a  higher  back  pressure; 
engineers  generally  try  to  keep  the  back  pressure  as 
low  as  possible,  and  the  result  shown  by  your  cards 
is  very  satisfactory.  The  worst  feature  shown  by  the 
cards  is  the  very  early  cut-off,  which  gives  an  expan- 


sion line  running  below  the  back-pressure  line,  as 
shown  by  the  loops  a,  a.  This  fault  is  due  to  the 
light  load  carried  by  the  engine,  and  not  in  the  least 
to  the  valve  setting.  The  remedy  is  either  to  use  a 
lower  boiler  presBure  or  run  the  engine  slower.  By 
making  either  of  these  changes,  cut-off  will  be  made 
to  take  place  later,  and  the  pressure  in  the  cylinder 
at  the  end  of  expansion  may  be  kept  above  the  back- 
pressure line,  and  the  loops  a,  a  shown  by  the  cards, 
prevented.  Such  a  change  will  probably  cause  a 
reduction  in  the  loss  of  steam  by  cylinder  condensa- 
tion, with  a  consequent  increase  in  economy.  It 
will  also  make  the  engine  run  more  smoothly.  (6) 
It  is  very  difficult  to  make  an  estimate  of  the  per- 
centage of  coal  that  could  be  saved. 

* 

(397 )    If  possible,  kindly  solve  this  problem,  mathe- 
matically, for  r,  from  the  information  given. 

F.  J.  W.,  St.  Ix>uis,  Mo. 


/               •       »             r 

. #      .-J 

/                        1" **        1 

1 

> 

A                 1 

\                ^                        J 

J 

B 

Ans.— We  have 

jTC^  =  A^  +  BC*  =  5«  -f-  (64  -I-  r)8. 
Also,  since  the  circles  are  in  contact, 

AC  =-  6  +  r; 

which  gives  AC*  =  (8  +  r)«. 

Equating  these  two  values  of  AC*,  we  have 

(8  +  r)«  =  6«  +  (64  +  r)«; 
whence,  r  =  1^. 

»  ♦ 

(898)  (a)  Why  mav  not  gasoline  be  exploded  in  a 
large  dosed  reservoir,  fh>m  which  the  gas  under 
pressure  may  be  drawn  for  use  in  an  ordinary  engine, 
as  steam  is  now  used  ?  ih)  It  such  a  plan  were  prac- 
ticable, how  much  of  the  energy  would  be  lost  by 
radiation  of  heat  from  the  reservoir  ?  (c)  Is  the  loss 
of  heat,  due  to  the  cooling  of  the  cylinder  of  an 
ordinarv  gasoline  engine  by  a  water-jacket,  avoid- 
able? (d)  Does  the  action  of  a  gas  or  gasoline 
engine  depend  on  the  heat  of  the  explosion,  or  on 
the  force  of  expansion  ? 

C.  F.  J.,  Washington,  D.  C. 

Ams.— (a)  The  chief  objection  to  such  a  method 
seems  to  be  that  it  would  involve  an  outlay  very 
much  greater  than  the  present  method  of  explo- 
ding the  gas  in  the  cylinder  of  the  engine,  while  there 
would  be  little,  if  any,  gain  in  economy.  There  are 
also  some  practical  difficulties  that  would  have  to  be 
overcome  in  order  to  make  such  a  method  a  mechan- 
ical success,  (b)  A  reservoir  might  be  constructed  in 
which  the  loss  of  heat  by  radiation  would  be  very 
small.  It  would,  however,  be  very  difficult  to  con- 
struct a  reservoir  that  would  withstand  the  high  tem- 
perature developed  by  the  heat  of  the  combustion  of 
the  gas.  (c)  If  the  cylinder  were  not  cooled,  it  would 
be  impossible  to  keep  the  piston  lubricated,  and 
the  cylinder,  piston,  and  valves  would  quickly  be 
destroyed.  The  same  difficulty  would  be  met  in 
attempting  to  use  gas  at  a  high  temperature  fh)m  a 
reservoir  separate  from  the  cylinder,  (d)  The  mix- 
ture of  gas  and  air  explodes  and  bums  very  rapidly. 
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thus  developing  a  great  amoant  of  heat,  which  pro- 
dacei  a  high  pressure.  The  action  of  the  engine  de- 
pends on  the  expansive  force  of  this  hot  gas  and  air. 

« 
«  « 

(899)  Enclosed  sketch  represents  three  steam 
pumps;  the  area  of  each  steam  pipe  is  1  Inch;  the 
steam  pressure  is  100  pounds  gauge;  pump  No.  1 
takes  water  on  level  with  pump  valves  through 
pipe  of  2-inch  area,  and  deUvers  to  pump  No.  2; 
No.  2  delivers  to  No.  3;  and  No.  3  delivers  to  receiving 
tank.  Assuming  that  each  pump  delivers  at  50 
pounds  pressure,  what  will  be  the  pressure  on  the 
tank?  E.  A.  S.,  Worcester,  Mass. 

Ans.— Assuming  that  each  pump  is  capable  of 
delivering  the  water  to  the  next  at  a  pressure  of  60 
pounds  per  square  inch  greater  than  the  pressure  at 


MiUMlMI 


which  it  received  the  water  firom  the  preceding 

pump,  and  that  the  level  of  the  surface  of  the  water 

in  the  suction  tank  A  is  the  same  as  the  level  of  the 

surface  in  the  receiving  tank  B,  the  three  pumps 

as  arranged  will  be  capable  of  forcing  water  into  the 

receiving  tank  against  a  pressure  of  3  x  50  ==  150 

pounds  per  square  Inch. 

* 
*  * 

(400)  (a)  Two  duplex  steam  pumps,  delivering 
the  same  amount  or  water  in  a  given  time  under 
exactly  the  same  conditions,  have  the  same  dimen- 
sions in  all  respects,  except  that  the  diameters  of  the 
steam  cylinders  of  pump  A  are  10  Inches  and  of 
pump  B  14  Inches:  would  not  pump  B  use  more 
steam  than  pump  A?  (b)  Bv  Increasing  the  steam 
pressure  for  pump  B,  would  the  same  amount  of 
steam  as  is  used  by  A  do  the  work  at  the  lower  pres- 
sure? {c)  What  is  the  pur  pose  of  the  very  slight 
incline  or  steam-pump  cylinders  and  piston  rods,  the 
water  cylinders  oeing  a  very  little  lower  than  the 
steam  cylinders?  W.  F.  B.,  Wayne,  Pa. 

Ans.— (a)  To  do  the  same  work,  the  effective  pres- 
sure of  the  steam  in  the  cylinders  of  B  would  be  less 
than  in  the  cylinders  of  A,  the  ratio  being  nearly 
inversely  as  the  squares  of  the  diameters;  that  is,  as 
10> :  142  ^  100 :  196,  or  1 :  2,  nearly.  At  the  same  time, 
the  volume  of  steam  used  by  A  would  be  lees  than 
the  volume  used  by  B,  the  volumes  used  by  the  two 
being  nearly  directly  proportional  to  the  squares  of 
their  diameters.  B  would  therefore  use  nearly  twice 
as  many  cubic  feet  of  steam  as  A,  but  at  a  pressure 
only  one-half  as  great.  The  weight  of  a  cubic  foot  of 
steam  at  the  lower  pressure  will,  however,  be  more 
than  half  as  great  as  at  the  higher;  the  weight  of  the 
steam  used  by  B  will  therefore  be  somewhat  greater 
than  that  used  by  A.  Assuming  that  A  will  do  the 
work  with  steam  at  a  pressure  of  100  pounds  per 
square  inch,  gauge,  nearly  16  per  cent,  more  pounds 


of  steam  would  be  required  by  B  to  do  the  same 
work  at  a  presnire  one-half  at  great.  The  actual 
difference  would  probably  be  even  greater  than  this. 
(6)  Nd.  {c)  We  have  never  seen  a  pump  with  the 
peculiarity  of  construction  you  mention,  and  do  not 
think  they  are  purposely  so  made. 

« 
«  « 

(401)  (a)  Please  give  the  name  of  the  best  work  on 
setting  the  valves  of  Corliss  engines,  (b)  Can  yon 
give  me  any  information  in  regard  to  the  Nordbov 
automatic  cut-off  engine?  (e)  Please  give  and 
explain  a  diagram  for  setting  the  valves  of  this 
engine.  w7  F.,  Montreal,  Can. 

Ans.- (a)  "Handbook  of  Corliss  Steam  Engines," 
by  F.  W.  Shillitto,  Jr.,  is  an  excellent  work.  It  may 
be  obtained  firom  The  Technical  Supply  Company, 
Scran  ton,  Pa.;  price,  $1.00.  (b  and  e)  The  Nordberg 
Manufacturing  Company,  Milwaukee,  Wis.,  are  the 
builders,  and  can  give  you  any  Information  regard- 
ing its  construction  and  methods  of  setting  the 
valves  that  you  may  need. 

«  « 

(402)  (a)  How  can  I  make  resistance  coils  for  cut- 
ting down  a  55- volt  10-candlepower  lamp  to  give  2 
candlepowerand5candlepower?  (b)  Please  recom- 
mend a  book,  written  in  simple  language,  giving 
Instruction  on  telephones  ana  th^r  construction. 
(c)  Can  a  commutator  for  alternating  cnrrenU  be 
used  to  make  an  alternating  current  into  a  direct 
current?  id)  Please  show  a  good  way  to  splice  a 
branch  wire  to  an  intermediate  point  on  another 
wire.  C.  8.,  Oak  Park,  111. 

Ans.— (a)  Make  a  rheostat  composed  of  75  feet  of 
No.  24  tinned  iron  wire.  Tap  it  at  points  5  feet  apart 
If  one-third  of  the  rheostat  is  included  in  the  circuit, 
the  lamp  will  give,  approximately,  5  candlepower. 
For  determining  the  point  at  which  a  light  of  2  can- 
dlepower is  emitted,  you  had  better  have  recourse  to 
experiment  with  the  rheostat,  (b)  "Telephones: 
Their  Construction  and  Fitting,"  by  F.  C.  Allsop; 
price,  S2.00.  This  book  may  be  obtained  fh>m  The 
Technical  Supply  Company,  Scranton,  Pa.  (c)  Yes: 
it  is  known  as  a  rectifier,  (d)  Bare  the  main  and 
branch  wires  as  shown  in  the  figure,  being  carefol 
not  to  nick  the  wires  in  so  doing.  Wrap  the  branch 
wire  b around  the  main  wire  m  and  solder  thoroughly, 


using  resin  as  a  flux.  After  soldering,  the  Joint 
should  be  carefully  taped,  so  that  the  insulation 
around  the  joint  will  not  be  defective.  This  taping 
should  be  put  on  carefully  and  neatly,  as  it  is  a  more 
diflicult  matter  to  tape  such  a  joint  properly  than  a 
plain  Western  Union  joint. 

«  « 

(403)  In  the  building  in  which  I  am  employed 
they  are  putting  in  some  fireproof  vault  doors. 
These  doors  have  been  on  the  ground  for  some  time, 
as  we  were  not  quite  ready  for  them.  On  proceeding 
to  put  them  in  position,  however,  it  was  found  that 
one  or  two  of  them  had  burst  at  the  comers.  Can 
you  explain  the  cause  of  this? 

F.  8.  a,  Trenton,  N.  J. 

Alts.— Vault  doors  of  steel  are  sometimes  filled  in 
between  the  plates  with  a  mortar  composed  of  a  fire- 
proofing  tubstance,  and  when  these  doors  have  been 
in  a  wet  place  this  filling  has  been  known  to  absorb 
moisture,  which  causes  it  to  expand  and  burst  the 
metal  ft-ame.  Several  such  cases  have  been  known, 
and  very  likely  a  similar  cause  applies  to  the  case 
you  mention. 
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(404)  Will  you  infonn  me  throagh  your  Inquiry 
colnmni  in  regard  to  the  following  questloni: 
(a)  What  form  of  plate,  and  what  method  of  anchor- 
ing same  to  brickwork,  is  usually  employed  for  a 
church  constructed  as  designated  in  the  accompany- 
ing figure?  (6)  What  is  the  best  method  of  Airring 
for   the  wainscoting  and  base  finish  in  the  same 


building,  the  plastering  to  be  laid  on  the  brick  wall? 
(c)  Do  you  consider  the  Morse  steel  wall  tie  a  good 
tie  to  use  for  bonding  an  8-inch  outside  wall  and  a 
4-Jnch  inside  w'all  with  a  2-inch  air  space  between; 
and  how  frequently  should  they  occur  in  the  wall? 

A.  M.  W..  South  Haven,  Mich. 

Ans.— (a)  It  is  usual  to  make  such  a  plate  of,  say, 
two  thicknesses  of  7f'  X  8''  or  \2^'  spruce,  laid  one  on 
top  of  the  other,  spiked  together,  lapping  at  the 
comers,  and  bedded  in  hair  mortar.  Anchoring  is 
unnecessary  if  the  trusses  are  properly  tied  so  as  to 
exert  no  thrust,  although  the  plate  may  sometimes 
with  advantage  be  secured  su Anciently  to  keep  it  in 
place  during  erection,  (b)  Where  wainscoting  is 
formed  with  vertical  lining,  it  is  customary  to  secure 
it  to  three  nailing  strips  or  grounds,  one  at  the  top, 
one  at  the  bottom,  and  one  at  the  center.  Wainscot- 
ing, when  paneled,  does  not  require  the  central 
ground,  as  the  framing  is  stiff'  enough  without  it. 
The  baseboard  is  attached  to  a  ground  about 
I  in.  X  2  in.,  placed  \  inch  from  the  top  edge  and  to  a 
nailing  strip  on  the  fioor.  If  the  beute  is  over  6  inches 
wide,  it  is  apt  to  "dish"  during  shrinkage,  if  not 
supported  at  the  back.  To  this  end,  upright  pieces, 
called  soldiers,  are  placed  at  intervals  of  16  inches, 
(c)  The  Morse  steel  ties  make  a  secure  Job  when 
placed  about  every  third  brick  in  the  length,  and  in 
each  fifth  course  in  the  height.  We  do  not  know  the 
conditions  you  have  to  deal  with,  but  would  suggest 
that  the  inside  wall  be  the  8-inch  one,  as  the  weight 
of  the  floors  is  carried  by  it. 

*  * 

(405)  I  am  building  a  number  of  sheds  and  out- 
buildings near  a  railroad,  and  would  like  to  know  of 
some  cheap  fireproof  paint  or  wash  that  I  could 
apply.  M.  B.  D.,  Tyrone,  Pa. 

Ans.— Temporary  wooden  structures,  such  as  sheds, 
etc.,  may  be  made  more  or  less  fire-resisting  by  apply- 
ing alternate  coats  of  silicate  of  soda  and  lime  wash. 

« 

(406)  Can  yon  inform  me  of  a  good  method  by 
which  I  can  test  the  quality,  or  holding  power,  of 
glue?  C.  C.  D.,  Philadelphia,  Pa. 

Ans.— If  a  good  quality  of  glue  is  used,  two  pieces 
of  white  pine,  glued  together,  and  allowed  to  set  for 
a  period  of  24  hours,  will  break  anywhere  but  at  the 
joint.  For  instance,  take  two  pieces  of  white  pine, 
1  in.  in  thickness  and  12  in.  long,  gluing  them  to- 
gether at  the  edges,  and  placing  them  in  a  vise  with 
the  joint  at  the  jaws.  If  the  projecting  edge  is  struck 
a  blow  and  the  wood  breaks  instead  of  the  joint,  the 
quality  of  the  glue  is  assured.  Also,  a  chisel  or 
wedge,  driven  in  the  end  grain  at  right  angles  to  the 
joint  line,  should  rend  the  wood  before  destroying 
the  junction. 


(407)  What  advantage  is  gained  by  placing  felt 
paper  oetween  a  tin  roof  and  the  sheathing? 

F.  H.  S.,  Easton,  Pa. 

Ans.— It  prevents  the  possibility  of  condensation 
on  the  under  side  of  the  tin,  which,  when  it  occurs, 
causes  rapid  corrosion,  as  the  under  side  can  never 
be  properly  protected  by  painting.  It  also  provides 
a  cushion  for  the  tin,  so  that  where  there  is  any 
traffic  over  the  roof,  the  edges  of  the  sheathing  or 
knot  holes  do  not  cause  ridges  and  projections  that 
rapidly  wear  through  and  cut  the  tin. 

(408)  I  have  charge  of  the  storeroom  for  a  concern 
retailing  plates  and  rolled  sections  in  connection 
with  ^eir  other  business  of  ornamental  ironwork. 
Each  month  we  issue  a  stock  list  of  rolled  beams, 
etc.,  giving  their  weights  and  sectional  areas.  Our 
stocK.  however,  is  varied,  and  at  times  we  have 
difficulty  in  determining  the  sectional  area  of  the 
rolled  shapes,  and  cannoi  spend  the  time  to  calculate 
them;  the  weight  per  foot  we  readily  ascertain  by 
weighing,  and  dividing  by  the  length.  Can  you 
give  me  a  simple  method  by  which  the  sectional  area 
of  any  rolled  shape  may  be  determined? 

T.  8.  P..  Brooklyn,  N.  Y. 

Ans.— Having  obtained  the  weight  per  foot  of  the 
beam  in  pounds,  the  area  of  the  section  may  be 
obtained  by  dividing  by  3.4,  which  is  the  weight  of  a 
bar  of  structural  steel  1  foot  long  and  1  square  inch 
in  section. 

(409)  I  understand  that  a  large  percentage  of  the 
commercial  white  lead  is  adulterated,  (a)  What 
substance  is  principally  used  in  adulterating  it? 
(h)  How  may  the  purity  of  white  lead  be  determined  ? 

A.  C.  L.,  Portland,  Me. 
Ans.— (a)  Sulphate  of  baryta,  a  white  earth,  is  the 
most  common  adulterant;  it  is  a  dense  white  sub- 
stance very  much  like  white  lead  in  appearance.  It 
absorbs  very  little  oil,  and  may  be  detected  by  the 
gritty  feeling  it  produces  when  the  paint  is  rubbed 
between  the  finger  and  the  thumb,  (b)  The  purity 
of  white  lead  may  also  be  tested  by  exposing  a  por- 
tion of  it  to  heat,  and  reducing  it  to  the  metallic 
state;  by  weighing  it  before  and  after  the  reduction 
the  percentage  of  moisture  and  impurities  may  be 
determined. 

«  « 

(410)  In  building  brick  chimneys  or  other  brick- 
work subjected  to  heat,  is  it  best  to  use  lime  or  cement 
mortar?  P.  T.  R.,  Athol,  Mass. 

Ans.— The  latest  opinion  of  experts  on  this  subject 
indicates  that  the  use  of  cement  in  fire-resisting 
walls  is  not  to  be  recommended. 

•N- 

(411 )  t  wish  to  heat  30  gallons  of  water  In  a  bath- 
tub ftrom  50°  to  95°  F.  What  length  of  time  and 
what  current  will  be  required  with  a  110- volt  circuit. 
My  idea  is  to  immei^e  some  16-candlepower  lamps 
in  the  water.  F.  W.  H.,  Tacoma,  Wash. 

Ans.— An  expenditure  of  55  watts  of  electrical 
energy  continuously  for  1  hour  will  raise  the  tem- 
perature of  1  pint  of  water  90°  F.,  and  probably  \  hour 
will  suffice  to  raise  it  from  50°  to  95°  F.  You  would, 
therefore,  require  about  240  lamps  to  accomplish 
your  purpose.  A  better  plan  wonld  be  to  construct 
some  form  of  heater,  to  heat  the  water  while  running 
into  the  tub.  Procure  a  slab  of  soapstone,  say  6"  ^  2", 
and  wind  enough  (ierman  silver  wire  on  it  to  give  a 
resistance  of,  say,  100  ohms.  Use  No.  24  B.  <&  S.  wire. 
We  cannot  give  exact  particulars  of  apparatus  of  this 
nature,  not  having  hsid  occasion  to  construct  any, 
while  the  available  data  to  be  drawn  from  are 
meager.  A  little  experimenting  will  enable  you  to 
make  a  satisfactory  heater.  We  would  suggest  that, 
if  the  heater  on  the  lines  we  have  laid  down  does  not 
prove  satisfactory,  you  rewind  it  with  No.  20  or  No.  21 
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B.  &  S.  wire,  making  the  resistance  50  ohms,  if  the 
heater  in  both  cases  is  to  be  used  on  a  lio-volt  circuit. 

♦ 
*  * 

(412)  I  would  like  information  in  regard  to  con- 
crete made  with  material  other  than  broken  stone. 
Can  Tou  tell  me  what  is  usually  substituted,  and  the 

analiflcations  of  snch  concrete  as  to  strength  and 
re  resistance?  O.  N.  C.  Pottoville,  Pa. 

Ans.— Besides  broken  stone  the  aggregates  of  con- 
crete may  be  made  of  slag,  broken  firebrick,  pumice, 
or  coke  breeze.  Slag  makes  the  strongest,  and  ooke 
breeze  the  weakest,  concrete.  In  tests  made  with 
the  atmve  concretes,  however,  it  was  found  that, 
when  they  were  heated  to  a  red  heat  and  quenched 
with  water,  the  first  three  lost  about  two-thirds  of 
their  strength,  while  coke  bteese,  formerly  the 
weakest,  was  stronger  than  the  other  three. 

* 

(418)  (a)  What  is  the  tensile  strength  of  steel 
tubing,  such  as  used  in  bicycle  construction?  (b) 
Would  such  tubing  be  suitable  for  boiler  construc- 
tion ?  (c)  Please  give  a  sketch  of  an  easily  made  and 
durable  water-tube  boiler  of  about  2  horsepower. 

A.  C.K..  Madison,  Wis. 

Aif8.— (a)  DifllBrent  makes  of  tubing  have  tensile 
strengths  that  vary  fh>m  60,000  up  to  100,000  pounds 
or  more  per  square  inch  of  section.  (6)  Yes.  (c)  An 
answer  to  this  question  involTes  a  great  deal  more 
time  and  space  than  can  be  devoted  to  it.  We  do 
not  Aimish  designs  for  machinery  or  engineering 

appliances. 

« 

(414)  (a)  In  Fig.  1  are  given  the  shape  and  dimen- 
sions of  a  building  lot;  the  shaded  part  is  built  up: 

what  percentage  of 
7»'     ,-w-     --*j       the  lot  is  built  up? 

^  *•"• 1^    (6)  How  many  cubic 

^^  feet  capacity  has 
the  cylindrical  ves- 
sel of  form  and  di- 
mensions given  in 
Fig.  2?  I  attended 
a  civil-service  ex- 
amination a  short 
time  ago,  and  the 
above  were  among 
the  problems  in 
arithmetic:  I  would 
like  to  be  sure  whether  or  not  I  answered  them 
correctly.  E.  H.  G.,  Brooklyn.  N.  Y. 

Ans.— (a)  The  whole  lot  being  a  trapezoid,  its  area 
is  found  by  multiplying  half  the  sum  of  its  parallel 
sides  by  its  altitude;  there- 
fore, the  area  of  the  whole 
lot  is  i  (72  +  64)28  ->  l,9ii4 
square  feet.  The  shaded 
portion  is  made  up  of  three 
rectangles,  and  its  area  is 
40X28-»-9X10  +  9iX14- 
1,343  square  feet.  There- 
fore, for  every  square  foot 

IMS 
1,904 
of  a  square  foot  built  up; 
and,  hence,  of  every  100 
square    feet,   there   is 

1,343X100  ,    »  u  «,* 

<,  .^.M      square  feet  built 
1,904 

up.    Thus,  the  percentage 
1.343  X  100 
1,904       ' 
70i  per  cent.,  nearly.     (6) 
The  dimensions  given  in 
Fig.  2  are  manifestly 
wrong;  for  the  width  &t  A  B 
is  7  feet  6  inches,  while  the 
width  at  rp  and  at  EFis9  feet  4  inches;  therefore, 
we  cannot  calculate  the  capacity  of  the  vessel. 


FlO.  1. 


in  the  lot  there  is 


built  up  is 


or 


(416)  I  am  desirous  of  constructing  a  wooden- 
trough  gutter  in  connection  with  a  box  cornice.  I 
would  be  pleased  to  have  you  show  how  such  a  gutter 
may  be  constructed.  A.  C,  Pulpit  Harbor,  Me. 

Ans.— In  Fig.  1  is  shown  such  a  gutter  as  you  sug- 
gest, in  which  the 
trough  is  formed  out 
of  a  4"  X  7"  cedar 
plank.  The  details 
of  construction  are 
ftally  shown,  and  are 
self-explanatory. 
You  will  observe  that 
the  plank  is  of  suffi- 
cient depth  to  allow 
for  thegradual  groov- 
ing, so  as  to  insure  a 
proper  pitch  of  the 
gutter.  Such  a  gut- 
ter would  be  more 
permanent  by  lining 


^'f- 
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/ 
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— 

Fig.  1. 


Fio.  2. 


It  with  copper.    By 
nailing  a  strip  of 
I  hoop  iron  on  the  fil- 

let at  the  drip  of  the 
7io.  2.  gutter  and  clasplDg 

over  it  the  edgie  of 
the  copper,  a  neat  edge  can  be  secured  without  fisce 
nailing.  The  copper  can  then  follow  the  profile  of 
the  gutter  and  £scia,  and  pass  up  under  the  slating 
a  couple  of  inches.  You  will  observe  that  the  outer 
edge  of  the  gutter  is  in  line  with  the  sheathing  of 
the  roof,  so  that  the  crown  mold  can  be  carried  up 
the  rake  of  the  gable  in  proper  form,  as  shown  in 

Fig.  2. 

« 
«  « 

(416)  I  wish  to  make  an  induction  coil  for  X-ray 
work,  using  10  pounds  of  No.  84  B.  &  S.  double 
cotton-covered  wire.  Please  give  me  the  fbllowing 
information:  (a)  Diameter  and  length  of  primary 
core:  number  of  turns  and  size  of  wire  for  primary. 
(b)  In  how  many  sections  should  the  secondarvbe 
wound  ?  Give  inside  and  outside  diameter  and  width 
of  section,  (c)  What  length  of  spark  will  such  a  coil 
give?  (d)  Give  size  of  liquid  interrupter  to  be  used 
with  this  coil  on  a  110-volt  circuit,  and  on  a  battery 
circuit  from  8  to  10  volts,  (e)  Give  size  and  number 
of  sheets  of  tin  foil  for  condenser.  (/)  What  size  of 
X-ray  tube  should  be  used  ?  {g\  Give  other  informa- 
tion needed  to  make  a  good  coil. 

G.  J.  L.,  Dayton,  Ohio. 

Ans.— (a,  6,  c,  €,  g)  To  operate  an  X-ray  tube  in  a 
satisfactory  manner,  the  coil  should  be  capable  of 
giving  a  6-inch  spark.  Space  does  not  permit  us  to 
go  into  the  details  of  your  inquiry  in  a  manner 
sufficiently  full  to  make  the  descriptions  of  practical 
use  to  you.  You  will  find  all  the  points  you  have 
inquired  about  in  any  good  book  on  induction  coils. 
You  will  findmanygoodpointsregardingconstmction 
in  Bonney's  •'Induction  Coils."  (rf)  You  will  find 
instructions  for  making  a  Wehnelt  liquid  interrupter 
for  use  on  110-volt  circuits  in  "The  Steam- Electric 
Magazine"  for  May,  1899.  You  cannot  operate  a 
liquid  interrupter  on  8  or  10  volts,  so  that  if  you  wish 
to  use  a  battery  you  will  have  to  connect  a  number 
of  cells  in  series  so  as  to  get  a  higher  voltage.  (/)  A 
5-  or  6-inch  tube,  i.  e.,  a  tube  designed  for  a  h-  or 
6-inch  spark. 
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(417 )  I  was  much  interested  in  the  article  entitled 
"  The  Art  of  Joint  Wiping,"  which  appeared  in  "  The 
Building  Trades  Magazine  "  for  October.  It  is  stated 
that  considerable  damage  is  done  to  the  inside  of  the 
lead  pipe  that  is  being  straightened  in  Fig.  1.  Would 
you  kindly  explain  to  me  how  this  occurs? 

J.  C.  M.,  Wilkes-Barre,  Pa. 

Ans.— The  damage  is  done  by  the  point  of  the 
bending  pin  being  pressed  into  the  lead  as  shown  in 
the  accompanying  figure.  If  you  will  carefully 
examine  the  illustration  of  the  plumber  bending  the 
pipe,  you  will  see  that  he  bears  down  on  the  end  of 


the  pipe  with  one  hand  and  on  the  end  of  the  bend- 
ing pin  with  the  other.  This  action  produces  forces 
whose  directions  are  shown  by  the  arrows  in  the 
accompanying  figure.  The  tendency  of  the  bending 
pin  is  also  to  stretch  the  lead  at  the  under  side  of  the 
orifice,  as  shown.  Sometimes  the  pressure  on  the 
point  of  the  bending  pin  is  so  great  that  the  lead 
pipe  is  actually  torn  apart  at  this  place.  A  first-class 
plumber  never  abuses  a  pipe  in  this  manner. 

♦ 
♦  ♦ 

i418)    Will  you  explain  how  the  dry  rot  in  timber 
[es  place;  also,  if  there  is  any  way  bv  which 
incipient  decay  in  timber  can  be  detected? 

O.  8.  C,  Detroit.  Mich. 
Anb.— Dry  rot  is  caused  by  a  species  of  fungus  that 
attacks  wood  subjected  to  moist  or  impure  air  in  a 
confined  space.  Such  conditions  are  necessary  to 
the  growth  of  the  fungus,  as  it  dies  rapidly  on 
exposure  to  sunlight.  The  ftingus  may  be  visi- 
ble to  the  naked  eye,  or  may  be  microscopic. 
The  spores  penetrate  the  cellular  structure  of  the 
wood,  absorbing  the  secretionary  substances,  leaving 
a  mere  shell  of  dry  and  crumbling  tissue.  Timber 
affected  with  dry  rot  has  a  musty  smell;  the  wood 
shrinks  and  leaves  corduroy  furrows;  brown  spots 
also  appear  on  the  surface.  A  fine  steel  pricker 
mounted  with  a  handle  may  often  be  used  to 
advantage  in  inspecting  timber,  by  pushing  it  slowly 
into  the  timber  and  noting  its  resistance.  If  it 
enters  the  timber  easily,  it  indicates  a  spongy 
nature  and  lack  of  virtue;  if  with  a  slipping  motion, 
the  timber  is  damp;  if  in  jerks,  there  is  interior 
rot  or  shakes.  In  good  resinous  timber  it  can  be 
inserted,  turned,  or  withdrawn  with  difficulty. 

* 

(419)  In  your  November,  1808,  Issue  of"  Home  Study 
Magazine,^'  Answers  to  Inquiries,  No.  445,  you  say  in 
regard  to  the  gas-engine  igniter,  "  wind  88  ounces  of 
34  S.  C."  for  the  secondary.  This  makes  a  very  bulky 
coil  for  the  length.    Is  this  weight  the  dry  weight? 

L.  P.  M.,  Montreal,  Can. 
Ans.— The  weight  given  in  the  answer  you  refer  to 
is  the  dry  weight  of  the  wire.    In  the  answer  referred 
to,  the  "88  ounces"  is  a  misprint;   it  should  read 
"8.8  ounces." 

(420)  How  do  you  calculate  the  offset  of  a  saddle 
pin  in  a  locomotive?     J.  W.  W.,  Clifton  Forge,  Va. 

Ans.— We  cannot  spare  the  space  to  go  into  this 

matter  here.    When  a  full-sized  model  is  not  used. 


the  link  motion  is  laid  out  on  the  board  and  the 
proper  oflBset  found  by  actual  construction.  Even 
then  a  temporary  adjustable  saddle  is  put  up  on  the 
first  engine  of  the  class  while  the  valves  are  being 
set.  When  everything  is  properly  adjusted,  the  posi- 
tion of  the  saddle  pin  is  noted  and  the  permanent 
saddle  made  to  suit. 

(421)  (a)  Please  inform  me  how  to  construct  a 
bichloride  dry  cell,  (b)  I  have  been  told  that  this  is 
the  only  reliable  dry  cell  for  medical  batteries.  Is 
this  so  ?  (c)  Is  the  current  in  the  primary  coil  of  an 
induction  coil  faradic?  (d)  How  should  it  be  con- 
nected in  order  to  use  it  on  a  patient? 

A.  M.  D.,  Cincinnati,  Ohio. 
Ans.— (a)  See  "Home  Study  for  Electrical  Work- 
ers," November,  1898,  Answers  to  Inquiries,  No.  52. 
(b)  There  are  several  makes  of  dry  cells  that  appear 
to  give  satisfiaction.  (c)  No;  it  is  intermittent,  but 
always  in  the  same  direction,  (d)  By  connecting  the 
patient  to  the  terminals  of  the  primary  coil,  an 
E.  M.  F.  will  cause  a  current  to  flow  in  the  shunt 
circuit  through  the  patient.  This  £.  M.  F.  is  much 
higher  than  that  supplied  by  the  battery,  and  is  due 
to  self-induction. 

«  « 

(422)  I  have  an  iron-armored  telephone  cable  that 
leads  to  a  securely  anchored  ship,  the  bottom  of 
which  is  copper-sheathed.  What  I  take  to  be  gal- 
vanic action  nas  set  in  and  partially  destroyed  the 
wires  making  up  the  armor.  The  destructive  effect 
decreases  as  the  distance  fk'om  the  ship  increases. 
The  armor  wires  touch  the  copper  sheath  above  the 
water-line.  Would  separating  these  help  matters 
any;  if  not,  can  you  suggest  some  remedy  that  will? 

H.  I.  E  ,  Portsmouth.  Va. 
Ans.- The  effect  you  speak  of  is  due  to  galvanic 
action,  since  the  iron  sheath  of  the  cable  and  the 
copper  sheath  on  the  hull  form  the  two  plates  of 
a  battery,  the  salt  water  forming  the  electrolyte.  If 
you  insulate  the  sheathing  of  a  cable  thoroughly 
fh>m  the  ship,  outside  of  the  water,  it  should  do 
away  largely  with  the  trouble,  because  there  will  be 
no  path  for  the  current  to  flow  between  the  cable  and 
the  ship.  This  would  be  equivalent  to  breaking  the 
connection  between  the  zinc  and  copper  plates  of  a 
battery,  thus  preventing  the  flow  of  the  current  and 
the  consequent  wasting  away  of  the  sine. 

(423)  I  had  occasion  to  make  a  straightedge,  and 
to  test  it  I  stretched  a  line  over  the  edge,  as  shown 
at  (a)  in  the  accompanying  figure.  I  found,  how- 
ever, upon  testing  it  by  another  method,  namely. 


(a) 


(b) 


TSffJTSTSR^* 


drawing  a  line  with  it,  and  reversing,  that  it  was 
crowned  about  ^  inch.  Can  you  explain  why  my 
first  test  failed?  W.  J.  V.,  Lake  Charles,  La. 

Ans.— By  comparing  (a)  and  (6)  of  the  accompany- 
ing figure,  you  will  see  that  a  line  can  be  stretched 
practically  straight  over  a  concave  edge,  or  surface; 
but  when  stretched  over  a  convex  or  crowning 
surface,  it  will  lie  against  the  surface,  and  the  string 
will  not  designate  a  straight  line. 

♦ 

(424)  (a)  Explain  how  to  color  electric  lights  an 
amber,  a  ruby,  and  a  green.  (6)  What  qualifications 
must  a  steam  fitter  have  to  become  a  member  of  the 
union  ?  H.  B.  S.,  Broomfield,  W.  Va. 

Ans.— (a)  Incandescent  lamps  may  be  colored  by 
dipping  them  in  collodion  that  has  been  made  the 
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oolor  detired  by  diflsolvlng  aniline  dye  In  it.  You 
should  be  able  to  obtain  the  collodion  and  the  neces- 
sary dyeing  material  at  any  drug  store,  (b)  Apply 
to  the  nearest  union. 

«  « 

(425)  (a)  An  automatic  cut-ofT  non-condensing 
rolling-mill  engine  with  a  26"  x  48"  cylinder,  work- 
ing with  a  boiler  pressure  of  83  pounds,  cutting  off  at 
one-quarter  stroke,  and  making  65  revolutions  per 
minute,  develops  825  indicated  horsepower.  The 
steam  pipe  is  260  feet  long  and  8  inches  in  diameter. 
There  is  a  loss  in  pressure  between  the  boiler  and  the 
steam  chest  of  less  than  1  pound.  The  initial  pres- 
sure in  the  cylinder,  as  shown  by  the  indicator,  is  but 
65  pounds.  Is  this  drop  due  to  too  small  steam  ports  ? 
(6)  In  addition  to  the  rolling  mill  the  engine  drives 
a  shaft  bv  means  of  a  19-inch  double  belt.  What 
load  should  the  belt  be  able  to  transmit,  driving 
from  a  l6-foot  pulley  to  an  8-foot  pulley,  a  rider  on 
the  upper  side  of  the  belt  being  used  ? 

G.  A.  H.,  Bridgeport,  Conn. 
Ans.— (a)  It  is  probable  that  the  drop  in  pressure  is 
due  to  the  fkct  that,  with  a  one-quarter  cut-off,  the 
valve  is  opened  but  a  short  distance,  thus  admitting 
steam  to  the  cylinder  rather  slowly.  This  defect 
might  possibly  be  remedied  by  giving  the  steam 
valves  a  little  more  lead,    (b)  About  100  horsepower. 

» 

*  * 

(426)  Please  give  me  some  information  concerning 
hydraulic  elevators:  (a)  their  speed;  (b)  setting  of 
valves,  etc.;  (e)  safety  catches  and  appliances;  (d) 
rules  applying  to  safety  appliances. 

Elevator,  Washington,  D.  C. 
Ans.— The  answer  to  your  question  will  take  more 
space  than  we  can  devote  to  it  in  these  columns. 

♦ 

*  * 

(427)  (a)  What  number  of  ampere-turns  does  it 
require  to  operate  the  ordinary  telegraph  relay? 

(b)  What  is  the  ampersge  of  the  circuit  it  closes T 

(c)  Is  the  impedance  of  one  coil  having  1,000  turns 
and  a  resistance  of  200  ohms  the  same  as  that  of  two 
coils  in  series,  each  of  500  turns  and  a  resistance  of 
100  ohms?  The  magnets  are  all  of  the  same  sise. 
Id)  The  capacity  of  an  aerial  telephone  line.  No.  16 
B.  &  S.  copper  wire,  is  supposed  to  be  about  .0083  micro- 
farads per  mile,  wire  to  wire.  In  calculating  the 
capacity  of  a  line,  should  one  or  both  sides  of  the 
circuit  be  multiplied  by  this  figure  ?  (e)  I>o  metallic 
elements  combine  chemically,  as  in  brass,  for  in- 
stance? (/)  Please  tell  me  how  to  find  the  resultant 
of  two  forces  acting  in  different  directions  with 
respect  to  each  other.  C.  J.  E.,  Chicago,  111. 

An8.— (a)  The  ordinary  (150-ohm)  relay  works  best 
with  172  ampere-turns.  (6)  I'^sually  \  ampere,  (c) 
No.  The  impedance  of  a  circuit  possessing  simple 
resistance  and  self-induction,  only,  is  given  by  the 
expression, 

l/JfS  t  (2irnL)«, 
where       B  =  resistance; 

ir  =  3.1416; 

n  =  frequency  or  number  of  com- 
plete alternations  per  second: 

L  coefllclent  of  self-inductance. 
Now,  L  is  proportional  to  the  square  of  the  number 
of  turns  in  the  coil,  other  things  being  the  same. 
Hence,  a  coil  having  twice  as  many  turns  as  another, 
all  other  conditions  being  constant,  would  have 
four  times  the  inductance  L.  It  might  have  prac- 
tically four  times  the  impedance,  if  B  is  neg- 
ligibly small  compared  to  2nnL.  If  you  have, 
therefore,  two  coils  of  500  turns  connected  in  series 
and  another  coil  of  1,000  turns,  all  other  conditions 
being  exactly  the  same,  and  the  resistance  so  small 
in  all  coils  in  comparison  with  the  product  2ir  n  L 
that  it  can  be  neglected,  then  your  two  500-tum  coils 
together  would  only  have  about  half  the  Impedance 
of  the  single  1,000-turn  coil.  If  the  resistances  are 
appreciable,  the  only  way  to  get  the  total  impedance 
of  the  two  coils  would  be  to  calculate  the  impedance 
of  each  coil  by  the  above  formula  and  add  the  two 


together,  (d)  Multiply  the  capacity  per  mile  given 
in  your  question  by  the  length  of  one  wire  in  miles. 
(e)  No;  such  mixtures  are  called  alloys.  (/)  Oon- 
sult  any  work  on  Mechanics->Dana's  or  Wood's  are 
good  elementary  works. 

*  • 

(428)  (a)  In  what  way  can  I  find  the  power  in 
foot-pounds  required  to  run  a  machine?  (o)  How  is 
a  dynamometer  constructed,  and  will  it  answer  my 
purpose?  (c)  I  have  four  paraffin  tanks  6  ft.  X 10 in. 
X  6  in.,  each.  Each  tank  has  a  coil  of  steam  pipe 
made  of  22  feet  of  i-inch  pipe.  The  paraffin  is  kept 
at  180°.  How  can  I  tell  the  amount  of  steam  nsed 
per  tank  per  hour  ?    Please  do  not  use  algebra. 

J.  W.  O.,  Philadelphia.  Fa. 

AM8.— (a)  By  the  use  of  a  transmission  dynamom- 
eter, (b)  See  answer  to  inquiry  No.  876  in  this  issue. 
(c)  We  do  not  think  that  you  can  calculate  the 
steam  nsed  by  any  simple  method.  Why  not  con- 
dense the  steam  and  weigh  it? 

(429)  Please  tell  me  how  to  melt  celluloid. 

A.  J.,  Hull,  Que. 
Ans.— You  cannot  melt  celluloid.    It  is  an  ex- 
tremely   inflammable   and    explosive   compound. 
Celluloid  is  shaped  as  a  soft  bulby  mass  by  hydraulic 
pressure,  similarly  to  paider  mAch^. 

*  « 

(430)  Given,  two  gas  engines  having  the  same 
volume  of  piston  displacement  per  stroke,  one  with 
a  long  stroke  and  small  diameter  of  cylinder,  and 
the  other  with  a  short  stroke  and  a  large  diameter  of 
cylinder.  Should  there  be  any  difference  In  the 
weight  of  the  flywheels? 

H.  H.  S.,  Hagerstown,  Md. 

ANS.— Assuming  the  diameter  of  the  flywheels,  the 
number  of  revolutions  per  minute,  and  the  power  of 
the  two  engines  to  be  the  same,  theoretical  consider- 
ations show  that  the  one  haVing  the  shorter  stroke 
should  have  the  heavier  flywheel;  however,  meet 
practical  rules  U>t  calculating  flywheel  weights  give 
results  that  are  independent  of  the  ratio  of  stroke  to 

cylinder  diameter. 

* 

*  * 

(431)  Having  given  the  dimensions  of  a  pair  of 
rolls  for  rolling  steel  at  the  usual  rolling  heat,  and  the 
dimensions  or  the  piece  to  be  rolled,  both  beifbre  and 
after  it  passes  through  the  rolls,  so  that  the  amount 
of  reduction  in  the  rolls  is  known,  how  can  the 
torque  required  to  drive  the  rolls  be  calculated, 
neglecting  the  friction  of  the  rolls  in  their  bearings? 

C.  J.  S.,  Philadelphia,  Pa. 
Ans.— We  do  not  know  of  any  reliable  method  of 

making  such  a  calculation. 

* 

*  » 

(432)  Each  cylinder  of  a  double  hoisting  engine 
has  connections  for  a  l^inch  steam  pipe  and  a 
l^-inch  exhaust  pipe,  a  says  that  the  combined 
exhaust  from  both  cylinders  mav  be  discharged 
through  a  single  U-inch  pipe,  while  B  says  that 
nothing  less  than  a  2-inch  pipe  will  carry  the  exhaust 
from  the  two  cylinders.  Please  give  your  opinion 
concerning  this  matter.     £.  S.,  Minnehaha,  Minn. 

ANS.— A  l|-inch  pipe,  if  not  too  long,  would  prob- 
ably discharge  the  exhaust  from  the  two  cylinden 
without  producing  a  serious  amount  of  back  pres- 
sure. A  2-inch  pipe,  however,  would  secure  a  freer 
exhaust,  and  is  to  be  recommended. 

(4:»)  (a)  Could  I  use  brass  for  making  a  1|"  X  6" 
gasoline-engine  cylinder?  (b)  Where  could  I  get 
a  telegraph  instrument  suitable  for  a  beginn^? 

H.  A.  M.,  Franklin,  Ia. 

ANS.- (a)  Brass  could  be  used  for  such  a  cylinder, 
but  it  should  be  provided  with  a  thoroughly  efficient 
water-jacket  that  will  prevent  the  cylinder  from 
becoming  too  highly  heated,  (b)  From  The  Tech- 
nical Supply  Company,  Scranton,  Pa.  Price  for 
instrument  only  will  vary  ftt>m  $2.00  to  $4.00,  aooord- 
ing  to  quality. 
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AUlB  Office  ud  Worlu :        RochcEter,  N.  V.,  l).  S.  A. 

"Pnllman"  Hi|[h  Grade 

Door  Check  and  Spring. 


lid  Check  \ 
not  Leak.  ; 


Most  Cotniwct,  DaraM*,  apd  SyBmctricaL 

Made  lor  bard  OMge  and  laa%  •errlce. 

BmallMt  In  ilia— Simplest  In  principle. 

Hon  n«afiil  InaetloD.    lAcgfal  and  nronKOt  bearlnsB. 

Beqolna  nnallan  amonnt  o(  Kqnid. 

Readilf  chanced  &am  right  to  left  or  Tloe  Tcna. 

Can  be  pnt  np  b^  an;  one. 

•IX  SIZBS.    (BcreendoontobeaTleatdoon.) 

Bmajor  CKta  F*)tdtrllii.  U.   SatdJ&r  Oeaeral  fbbttr Ifo.  1. 


CLIVELAHD  TWIST  DRILL  CO.. 

■■kara  af 


Bnr  tbe  Genntne.    Look  for  Trade 


Locomotive  Catechism. 


A  most  practical  and  ueetul  volume,  which  will  commend  ileelf  on  eight  to  every 
liocomotive  Engineer  and  Fireman,  and  to  all  who  intend  entering  eiamina- 
tione  for  either  position.    %50  pagee.    '200  11  lustrations.    7  folding  plate?. 

Price,   S2.00. 


THE  TECH 


IICAL  S 


PLY  CO.. 


If  you  buy — or  expect  U>  buy — MacbiDerf,  Toole,  and  Supplies,  in  order  f 
to  know  what  the  best  goods  are,  and  to  save  money  in  buying,  you  will  find  , 
II  absolutely  essential  to  have  our  calalogues.  i 

Metal  Workers'  catalogue — 550  pages,  and  • 
~     ~  ir  2,000  Illustrations;  all  goods  prioiBd. 

■ Wood  Workers'    catalogue  —  4O0 

pages,  over  2,000  Illnatntloiia;  ■  , 
regular  Encyclopedia.  Either  catalogue  sent  by  mail  upon  receipt  of  39  cents  , 
to  cover  mailing  expenses.    Address: 

THE  CHAS.  A.  STRELINGER  CO.,   Bok  X,  Dctrolt,fllllct<. 


"A  Book  of  Tools" 
"Wood  Workers' Tools" 


